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Fig. 4
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Fig. 10
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RETARDATION FILM, POLARIZING PLATE,
AND LIQUID CRYSTAL DISPLAY DEVICE
COMPRISING IT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of priority under 35
U.S.C. 119to Japanese Patent Application Nos. 2007-197082
filed on Jul. 30, 2007 and 2007-213601 filed on Aug. 20,
2007; and the entire contents of the applications are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field of the Invention

[0003] The present invention relates to a novel retardation
film, polarizing plate and liquid-crystal display device com-
prising it.

[0004] 2. Related Art

[0005] Heretofore, wide viewing-angle liquid-crystal sys-
tems of IPS (in-plane switching) mode, OCB (optically com-
pensatory Bend) mode, and VA (vertically aligned) mode
have been proposed, and with the recent increase in the
demand for liquid-crystal TVs, their share is expanding.
Every system is improved in the display quality; however, the
problem of color shift occurring in oblique directions is not as
yet solved.

[0006] For solving the problem of color shift, an optical
compensatory system is disclosed, mainly comprising a nega-
tive C-plate compensatory film and a positive A-plate com-
pensatory film, for VA-mode liquid-crystal display devices.
For example, U.S. Pat. No. 4,889,412 discloses an ordinary
VA-mode liquid-crystal display device that comprises a nega-
tive C-plate compensatory film.

[0007] However, in such an ordinary VA-mode liquid-crys-
tal display device that comprises a negative C-plate compen-
satory film, the compensation in the black state is not com-
plete, therefore having a problem of viewing angle-dependent
light leakage.

[0008] As opposed to it, U.S. Pat. No. 6,141,075 discloses
an ordinary VA-mode liquid-crystal display device that com-
prises both a negative C-plate compensatory film and a posi-
tive A-plate compensatory film. This could solve the problem
of light leakage in the black state.

[0009] However, even in such an ordinary VA-mode liquid-
crystal display device that comprises both a negative C-plate
compensatory film and a positive A-plate compensatory film,
the problem of color shift in oblique directions in the black
state could not still be solved sufficiently.

[0010] On the other hand, disclosed is a VA-mode liquid-
crystal display device that comprises, for example, two retar-
dation films having different optical properties, in which the
display by the device is sharp and colorless when watched in
oblique directions in the black state (for example, see
W02003/032060).

[0011] However, in actually incorporating the two different
types of retardation films into a liquid-crystal display device,
they are incorporated thereinto, each as integrated with a
polarizing plate; however, an additional step of sticking the
two retardation films having predetermined optical properties
to polarizing plates, previously prepared, is required. Accord-
ingly, the method is problematic in that the production pro-
cess is complicated, the producibility is low and the produc-
tion cost is high; and it is desired to solve the problems.
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[0012] As opposed to this, for example, JPA No. 2000-
304931 proposes an optical compensation sheet for VA-mode
liquid-crystal display devices, which comprises a transparent
support, and an optically-anisotropic layer formed of discotic
liquid-crystal molecules. When a cellulose acylate film is
used for the transparent support, then the cellulose acylate
film may serve also as a protective film for the polarizer, and
the above-mentioned problem of producibility can be thereby
solved. However, in order to attain the optical properties
necessary for optical compensation in VA-mode liquid-crys-
tal display devices, thickness-direction retardation (Rth)
should be 300 nm or so; and for realizing it, the optically-
anisotropic layer should be thick. When such a thick opti-
cally-anisotropic layer is formed by coating, there may occur
a problem of coating unevenness.

[0013] The retardation of a retardation plate formed of a
polymer film or the like is not always the same value at every
wavelength, but varies in some degree depending on the
wavelength of incident light (this property is hereinafter
referred to as “wavelength dispersion characteristics of retar-
dation”). Of polymer films, some have wavelength dispersion
characteristics of retardation of such that the retardation
increases toward the shorter wavelength of incident light
(hereinafter this is referred to as “regular wavelength disper-
sion characteristics of retardation”) and others have wave-
length dispersion characteristics of retardation of such that
the retardation decreases toward the shorter wavelength of
incident light (hereinafter this is referred to as “reversed
wavelength dispersion characteristics ofretardation”). On the
other hand, the birefringence of liquid-crystal cells may also
have wavelength dispersion characteristics of retardation;
and for achieving more ideal optical compensation for liquid-
crystal cells, the wavelength dispersion characteristics of
retardation of retardation plates may have to be controlled
similarly thereto in some cases.

[0014] For example, proposed is use of a negative C-plate
for optical compensation for VA-mode liquid-crystal cells in
the black state; however, when the wavelength dispersion
characteristics of thickness-direction retardation (Rth) of the
negative C-plate is not similar to the wavelength dispersion
characteristics of retardation of the VA-mode liquid-crystal
cell, then there may occur a problem of viewing angle-depen-
dent color shift.

[0015] However, of the polymer film that is heretofore used
as the retardation plate of a VA-mode liquid-crystal cell, the
wavelength dispersion characteristics of the retardation is
difficult to be controlled, and it is difficult to produce a retar-
dation plate having ideal wavelength dispersion characteris-
tics of retardation similar to that of the birefringence of the
liquid-crystal cell. In particular, it is difficult to prepare a
polymer film that has an absolute value of Rth in some degree
and has, as the optical characteristics thereof, regular wave-
length dispersion characteristics of the retardation Rth; and
even though an additive or the like is added to the polymer
film so as to control it, there still remains a problem in that
both the wavelength dispersion characteristics of the retarda-
tion Rth and the level of Rth could not be controlled at the
same time.

[0016] As so mentioned in the above, for optical compen-
sation in VA-mode liquid-crystal display devices, thickness-
direction retardation (Rth) should be 300 nm or so; and for
realizing it, the optically-anisotropic layer is required to have
a thickness-direction retardation (Rth) of at least 200 nm or
so. In such a system, the wavelength dispersion characteris-
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tics of the retardation of the optically-anisotropic layer are
dominant, and when the anisotropic layer is formed of a
discotic liquid-crystal compound, the wavelength dispersion
characteristics of retardation thereof are significant and there-
fore it is difficult to attain a desired level of wavelength
dispersion characteristics of retardation as a whole. In that
situation, it is desired to provide an optical compensatory film
having excellent optical compensatory capability for various
modes, especially VA-modes of liquid-crystal cells.

[0017] JPA No. 2006-076992 discloses a discotic liquid-
crystal compound having low wavelength dispersion charac-
teristics of retardation and having large refractivity anisot-
ropy. However, its wavelength dispersion characteristics of
retardation, Rth(450)/Rth(550) is at least 1.1; and when it is,
the compound could not directly form a retardation film hav-
ing wavelength dispersion characteristics of retardation nec-
essary for optical compensation in VA-mode liquid-crystal
display devices.

[0018] In one embodiment of the optical compensation for
VA-mode liquid-crystal display devices, it is desired to pro-
vide a retardation film with no unevenness capable of being
used also as a protective film for polarizing plate and having
the wavelength dispersion characteristics of retardation simi-
lar to those of the VA-mode liquid-crystal cell therein.

SUMMARY OF THE INVENTION

[0019] An object of the invention is to provide novel retar-
dation films and polarizing plates useful for optical compen-
sation in liquid-crystal display devices, especially VA-mode
liquid-crystal display devices and, in particular, capable of
contributing toward reduction in the color shift occurring in
oblique directions.

[0020] Another object of the invention is to provide liquid-
crystal display devices, especially VA-mode liquid-crystal
display devices in which the contrast are improved and the
color shift depending on the viewing direction in the black
state is reduced.

[0021] The means for achieving the above mentioned
objects are as follows.

[0022] [1] A retardation film comprising:
[0023] a polymer film, and, disposed thereon,
[0024] an optically-anisotropic layer, of which thickness is

equal to or less than 5 pm, of which in-plane retardation at a
wavelength of 550 nm, Re(550), is from 0 to 10 nm, and of
which thickness-direction retardation at the same wave-
length, Rth(550), is from 250 to 450 nm;

[0025] and satisfying the following formula (1-1):
LODZRh(450)/Rih(530)=1.07 (t-1).

[0026] [2] A retardation film comprising:

[0027] a polymer film, and, disposed thereon,

[0028] an optically-anisotropic layer, of which thickness is

equal to or less than 5 um, of which in-plane retardation at a
wavelength of 550 nm, Re(550) is from 0 to 10 nm, and of
which thickness-direction retardation at the same wave-
length, Rth(550) is from 200 to 400 nm;

[0029] and satisfying the following formula (1-2):
1.O4<Reh(450)/Reh(550)<1.09 (1-2).
[0030] [3] The retardation film as set forth in [1] or [2],

wherein in-plane retardation at a wavelength of 550 nm of
the optically-anisotropic layer, Re(550), is from 0 to 10 nm,
thickness-direction retardation at the same wavelength
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thereof, Rth(550), is from 200 to 400 nm, and the layer
satisfies the following formula (2):

1.05=Rih(450)/Rih(550)=1.15 Q.

[0031] [4] The retardation film as set forth in any one of [1]
to [3], wherein the value, Rth(550)/d, calculated by divid-
ing thickness-direction retardation at a wavelength of 550
nm, Rth(550), of the optically-anisotropic layer by the
thickness, d, of the optically-anisotropic layer is equal to or
more than 0.080.

[0032] [5] The retardation film as set forth in any one of [1]
to [4], wherein the optically-anisotropic layer is formed of
a polymerizable composition.

[0033] [6] The retardation film of[5], wherein the polymer-
izable composition comprises at least one discotic liquid-
crystal compound, having polymerizable group(s), and in
the optically-anisotropic layer, the discotic structure unit of
the discotic liquid-crystal compound is aligned horizon-
tally to the layer face.

[0034] [7] The retardation film of [6], wherein said at least
one discotic liquid-crystal compound is a compound rep-
resented by the following formula (DI):

my
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[0035] where Y'', Y'? and Y"* each independently repre-
sent a methine group or a nitrogen atom; L*, [ and [.* each
independently represent a single bond or a bivalent linking
group; H*, H* and H? each independently represent following
formula (DI-A) or (DI-B); and R', R? and R? each indepen-
dently represent following formula (DI-R)

v (DI-A)
* A *k
\{ ?/

XA—YA?

[0036] where, in formula (DI-A), YA and YA? each inde-
pendently represent a methine group or a nitrogen atom; XA
represents an oxygen atom, a sulfur atom, a methylene group
or an imino group; * indicates the position at which the
formulabonds to any of L" to L*; and ** indicates the position
at which the formula bonds to any of R* to R*:

(DI-B)
® YR! ™

YB>*—XB
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[0037] where, in formula (DI-B), YB* and YB? each inde-
pendently represent a methine group or a nitrogen atom; XB
represents an oxygen atom, a sulfur atom, a methylene group
or an imino group; * indicates the position at which the
formula bonds to any of ! to I%; and ** indicates the position
at which the formula bonds to any of R* to R*:

) (DLR)
*_ﬁLZI_QZjH_LL_LB_QI
1

[0038] where, in formula (DI-R), * indicates the position at
which the formula bonds to H', H* or H? in formula (DI); L*!
represents a single bond or a hivalent linking group; Q” rep-
resents a bivalent linking group having at least one cyclic
structure; n1 indicates an integer of from 0 to 4; L** represents
—0—, —0-C0—, —CO—0—, —0—LO0-0—
—S—, —NH—, —SO,—, —CH,—, —CH—CH— or
—C—C—, provided that, when the group has a hydrogen
atom, the hydrogen atom may be substituted with a substitu-
ent; L** represents a bivalent linking group selected from
—0—, —8—, —C(=0)—, —80,—, —NH—, —CH,—,
—CH—CH— and —C=C—, and a group formed by linking
two or more of these, provided that, when the group has a
hydrogen atom, the hydrogen atom may be substituted with a
substituent; and Q' represents a polymerizing group or a
hydrogen atom.

[0039] [8] The retardation film as set froth in any one of [1]
to [7], wherein the optically-anisotropic layer comprises at
least one fluoroaliphatic group-containing polymer.

[0040] [9] The retardation film as set forth in any one of [1]
to [8]. wherein thickness-direction retardation at a wave-
length of 550 nm of the polymer film, Rth(550), is equal to
or more than 30 nm.

[0041] [10] Theretardation film as set forthin any one of[1]
to [9], wherein the polymer film is a cellulose acylate film.

[0042] [11] A polarizing plate comprising at least a polar-
izing film and a retardation film as set forth in any one of [1]
to [10].

[0043] [12] A liquid-crystal display device comprising a
retardation film as set forthin any one of [1]to[11] asa first
retardation film.

[0044] [13] The liquid-crystal display device as set forth in
[12] comprising:

[0045] a pair of polarizing films with their absorption axes

being perpendicular to each other,

[0046] a pair of substrates disposed between the pair of

polarizing films, and

[0047] a liquid crystal layer of liquid-crystal molecules

sandwiched between the substrates, in which the liquid-crys-

tal molecules are aligned substantially vertically to the sub-
strates in OFF state with no external electric field applied
thereto.

[0048] [14] Theliquid-crystal display device of [13], which
further comprises a second retardation film formed of a
polymer stretched film.

[0049] [15] The liquid-crystal display device of [14], com-
prising a retardation film as set forth in [1] as the first
retardation film, wherein in-plane retardation at a wave-
length of 550 nm of the second retardation film, Re(550),
and thickness-direction retardation at the same wavelength
thereof, Rth(550), satisfy the following formula (3-1) and

4-1):
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70 nm=Re(550)=210 nm (3-1)
-0.6<Rth(550)/Re(550)=-0.4 (4-1).

[0050] [16] The liquid-crystal display device of [14], com-
prising a retardation film as set forth in [2] as the second
retardation film, wherein in-plane retardation at a wave-
length of 550 nm of the second retardation film, Re(550),
and the Nz value, Nz=Rth(550) /Re(550)+0.5, at the same
wavelength satisfy the following formula (3-2) and (4-2):

200 nm=Re(550)=300 nm (3-2)
0.3<Nz<0.7 (4-2).
[0051] [17] The liquid-crystal display device of [14], com-

prising a retardation film as set forth in [2] as the second
retardation film, wherein in-plane retardation at a wave-
length of 550 nm of the second retardation film, Re(550),
and the Nz value, Nz=Rth(550) /Re(550)+0.5, at the same
wavelength satisfy the following formula (5-2) and (6-2):

240 Im=Re(550)=290 nm (5-2)
0.4<Nz<0.6 (6-2).
[0052] [18] The liquid-crystal display device of [14], com-

prising a retardation film as set forth in [2] as the second
retardation film, wherein the second retardation film satis-
fies the following formula (7-2):

0.7=Re(450)/Re(550)=1.1 7-2).

[0053] [19] The liquid-crystal display device as set forth in
any one of[14] to [18], wherein the second retardation film
is any of a cellulose acylate film, a norbornene film, a
polycarbonate film, a polyester film and a polysulfone film.

[0054] [20] The liquid-crystal display device as set forth in
any one of[14] to [19], wherein the second retardation film
is directly laminated on one of the pair of polarizing films
so that its in-plane slow axis is perpendicular to the absorp-
tion axis of the polarizing film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1is a schematic view showing the constitution
of an embodiment of the liquid-crystal display device of the
first aspect of the invention.

[0056] FIG. 2 is a schematic view showing the constitution
of another embodiment of the liquid-crystal display device of
the first aspect of the invention.

[0057] FIG. 3 is a schematic view showing the constitution
of another embodiment of the liquid-crystal display device of
the first aspect of the invention.

[0058] FIG. 4is a view showing one example of the trace of
the polarized state of the incident light to the embodiment of
the liquid-crystal display device of FIG. 1, on a Poincare
sphere.

[0059] FIG. 5is a schematic view showing the constitution
of an embodiment of the liquid-crystal display device of the
second aspect of the invention.

[0060] FIG. 6 is a schematic view showing the constitution
of another embodiment of the liquid-crystal display device of
the second aspect of the invention.

[0061] FIG. 7 is a schematic view showing the constitution
of another embodiment of the liquid-crystal display device of
the second aspect of the invention.

[0062] FIG. 8 is a schematic view showing the constitution
of another embodiment of the liquid-crystal display device of
the second aspect of the invention.
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[0063] FIG.9is a schematic view showing the constitution
of another embodiment of the liquid-crystal display device of
the second aspect of the invention.

[0064] FIG.10 is a view showing one example of the trace
of the polarized state of the incident light to the embodi-
ment of the liquid-crystal display device of FIG. 8, on a
Poincare sphere.

[0065] In the drawings, the reference numerals have the

following meanings:

[0066] 1 Protective film for first polarizing film (outer side)

[0067] 2 Absorption axis direction of first polarizing film

[0068] 3 First polarizing film

[0069] 4 Protective film for first polarizing film (cell side)

[0070] 6 Liquid-crystal cell

[0071] 7 Protective film for second polarizing film (cell
side)

[0072] 8 Second polarizing film

[0073] 9 Absorption axis direction of second polarizing
film

[0074] 10 Protective film for second polarizing film (outer
side)

[0075] 11 First retardation film (retardation film of the first

aspect of the invention)

[0076] 12 Second retardation film (negative A-plate)

[0077] 13 Slow axis direction of second retardation film
(negative A-plate)

[0078] 21 First retardation film (retardation film of the sec-
ond aspect of the invention)

[0079] 22 Second retardation film (biaxial film)

[0080] 23 Slow axis direction of second retardation film
(biaxial film)

PREFERRED EMBODIMENT OF THE
INVENTION

[0081] The invention will be described in detail below. The
expression “from a lower value to an upper value” referred
herein means that the range intended by the expression
includes both the lower value and the upper value.

[0082] In the description, regarding values or ranges relat-
ing to optical properties, a certain error margin is acceptable
in terms of common sense in the related art as far as the effect
of the invention can be obtained.

[0083] In the description, regarding angles between two
axes, such as “45°”, “parallel” and “perpendicular”, a certain
error margin is acceptable in terms of manufacturing as far as
the effect of the invention can be obtained. In general, the
error margin may be within +5°, preferably within +4°, and
more preferably within £3°. In the description, regarding
angles, regarding angles, “+” means clockwise rotation, and
“~” means anti-clockwise rotation. In the description, “Slow
axis” means the direction in which the refractive index is the
largest; and “visible light region” means from 380 to 780 nm.
[0084] Inthe description, when there is no notation regard-
ing the measurement wavelength, the measurement wave-
length for Re or Rth is 550 nm.

[0085] 1In the description, “polarizing element (or polariz-
ing film)” is differentiated from “polarizing plate”. “Polariz-
ing plate” is meant to indicate a laminate that comprises a
“polarizing element” and, as formed on at least one surface
thereof, a transparent protective film to protect the polarizing
element.

[0086] In the description, the term “polarizing plate” is
used for both of long-web polarizing plates and those cut
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(“cutting” in this description includes “punching’ and “clip-
ping”) into size suitable for incorporation into liquid crystal
devices.

[0087] In the description, Re(h) and Rth()) each indicate
in-plane retardation (unit:nm) and the thickness direction
retardation (unit:nm) at a wavelength A. Re()) is measured by
applying a light having a wavelength of A nm in the normal
line direction of a sample such as a film, using KOBRA-
21ADH or WR (by Oji Scientific Instruments). Selection of
wavelength for measuring may be performed by manual
change of a wavelength-selection filter or by programming
conversion of measured data.

[0088] When the sample to be tested is represented by an
uniaxial or biaxial refractive index ellipsoid, then its Rth(%) is
calculated according to the method mentioned below.

[0089] Withthe in-plane slow axis (determined by KOBRA
21ADH or WR) taken as the inclination axis (rotation axis) of
the sample (in case where the sample has no slow axis, the
rotation axis of the sample may be in any in-plane direction of
the sample), Re()) of the sample is measured at 6 points in all
thereof, up to +50° relative to the normal line direction of the
sample at intervals of 10°, by applying a light having a wave-
length of A nm from the inclined direction of the sample.
[0090] With the in-plane slow axis from the normal line
direction taken as the rotation axis thereof, when the sample
has a zero retardation value at a certain inclination angle, then
the symbol of the retardation value of the sample at an incli-
nation angle larger than that inclination angle is changed to a
negative one, and then applied to KOBRA 21 ADH or WR for
computation.

[0091] With the slow axis taken as the inclination axis
(rotation axis) (in case where the sample has no slow axis, the
rotation axis of the sample may be in any in-plane direction of
the film), the retardation values of the sample are measured in
any inclined two directions; and based on the data and the
mean refractive index and the inputted thickness of the
sample, Rth may be calculated according to the following

formulae (I) and (II):
[0092] (I):
Re(d) = [nx - X d

{nysi,{smfl(y ]]}2 . X cos{sin—l(sin;w]}
{nzcos(sin’1 ( %};0) ]]}2

Rih={{nx+ny)/2-nz}xd 10):

[0093] wherein Re(8) means the retardation value of the
sample in the direction inclined by an angle 0 from the normal
line direction; nx means the in-plane refractive index of the
sample in the slow axis direction; ny means the in-plane
refractive index of the sample in the direction vertical to nx;
nz means the refractive index of the sample vertical to nx and
ny; and d is a thickness of the sample.

[0094] When the sample to be tested can not be represented
by a monoaxial or biaxial index ellipsoid, or that is, when the
sample does not have an optical axis, then its Rth(A) may be
calculated according to the method mentioned below.

[0095] Withthe in-plane slow axis (determined by KOBRA
21ADH or WR) taken as the inclination axis (rotation axis) of
the sample, Re()\) of the sample is measured at 11 points in all
thereof, from -50° to +50° relative to the normal line direc-
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tion of the sample at intervals of 10°, by applying a light
having a wavelength of A nm from the inclined direction of
the sample. Based on the thus-determined retardation data of
Re().), the mean refractive index and the inputted thickness of
the sample, Rth(A) of the sample is calculated with KOBRA
21ADH or WR.

[0096] 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).

[0097] 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.

[0098] The invention relates to a retardation film compris-
ing a polymer film, and, disposed thereon, at least, one opti-
cally-anisotropic layer, of which in-plane retardation,
Re(550), thickness-direction retardation, Rth(550) and wave-
length dispersion characteristics of thickness-direction retar-
dation Rth(450)/Rth(550) each fall within a predetermined
range. The retardation film of the invention is, when applied
to a liquid-crystal display device, contributes toward reduc-
tion in the color shift occurring in oblique directions.

[0099] More concretely, use of the retardation film of the
invention for optical compensation, use of the retardation film
of the first aspect of the invention for optical compensation as
combined with a negative A-plate, or use of the retardation
film of the second aspect of the invention for optical compen-
sation as combined with a biaxial film may reduce the color
shift especially in VA-mode liquid-crystal display devices.
[0100] The retardation films of the first and second aspects
of the invention are described below.

1. Retardation Film of First Aspect of the Invention:

[0101] The retardation film of the first aspect of the inven-
tion comprises a polymer film, and, disposed thereon, at least
one optically-anisotropic layer. In-plane retardation Re of the
retardation film is from 0 to 10 nm, preferably from Oto 5 nm,
more preferably from 0 to 3 nm. Its thickness-direction retar-
dation Rth is from 200 to 450 nm, more preferably from 230
to 450 nm, even more preferably from 250 to 400 nm. In the
embodiment where the retardation film is used as a retarda-
tion film in VA-mode liquid-crystal display devices, the
wavelength dispersion characteristics of the retardation of the
retardation film, Rth(450) /Rth(550) is from 1.00 to 1.07,
more preferably from 1.00to 1.06, even more preferably from
1.00to 1.05, still more preferably from 1.01to 1.04. When the
retardation film satisfies the above-mentioned wavelength
dispersion characteristics of retardation, then it may be usable
for compensation in VA-mode liquid-crystal display devices
in the entire visible light range. Preferably, the retardation
film of this embodiment is combined with a negative A-plate.

2. Retardation Film of Second Aspect of the Invention:

[0102] The retardation film of the second aspect of the
invention comprises a polymer film, and, disposed thereon, at
least one optically-anisotropic layer. In-plane retardation Re
of the retardation film is from 0 to 10 nm, preferably from O to
5 nm, more preferably from 0 to 3 nm. Its thickness-direction
retardation Rth is from 200 to 400 nm, more preferably from
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230 to 370 nm, even more preferably from 250 to 350 nm. In
the embodiment where the retardation film is used as a retar-
dation film in VA-mode liquid-crystal display devices, the
wavelength dispersion characteristics of the retardation of the
retardation film, Rth(450)Rth(550)is preferably from 1.04 to
1.09, more preferably from 1.05 to 1.08, even more preferably
from 1.06 to 1.08. In this, Rth(450) means the Rth value to
light having a wavelength of 450 nm; and Rth(550) means the
Rth value to light having a wavelength of 550 nm. When the
retardation film satisfies the above-mentioned wavelength
dispersion characteristics of retardation, then it may be usable
for compensation in VA-mode liquid-crystal display devices
in an entire visible light range. Preferably, the retardation film
of this embodiment is combined with a biaxial film.

3. Details of Retardation Film of the Invention:

[0103] The polymer film and the optically-anisotropic
layer for the retardation film of the invention are described in
detail hereinunder.

3.-1 Polymer Film:

[0104] Preferably, the polymer film, that the retardation
films of the above-mentioned first and second aspects have
therein, satisfies the following formulae (11) to (13):

30 nm=Rh(550)=<250 nm 11
Rih{(450)/Rih(550)<1.06 (12)
0<Re(550)=<10 nm (13)

[0105] In formula (11), Rth(550) is preferably equal to or
more than 30 nm, more preferably equal to or more than 60
nm, even more preferably equal to or more than 80 nm. When
thickness-direction retardation of the polymer film is large,
then the optically-anisotropic layer may be thinned, and there
hardly occurs a problem of coating unevenness. The upper-
most limit of Rth(550) is not specifically defined. In general,
the uppermost limit of Rth of the polymer film is 250 nm or so.
[0106] In formula (12), [Rth(450)/Rth(550)] is preferably
equal to or less than 1.05, more preferably equal to or less than
1.03, even more preferably equal to or less than 1.00. [Rth
(450)/Rth(550)] is preferably equal to or less than 0.70.
[0107] In formula (13), Re(590) is preferably from 0 to 5
nm.

[0108] The thickness of the polymer film may be decided
depending on retardation thereof; and, in terms of thinning
and workability, preferably, the thickness of the polymer film
is from 10 to 150 um. more preferably from 20 to 130 um, and
much more preferably from 30 to 100 pm.

[0109] The material of the polymer film is not specifically
defined, for which are usable polymer films of various mate-
rials satisfying the above-mentioned optical properties.
Above all, preferred are cellulose acylate films as their mate-
rials are inexpensive and they have good workability into
polarizing plates. In this description, “cellulose acylate films”
as referred to in this description mean that the main ingredient
of the polymer composition constituting the film, concretely,
the cellulose acylate relative to the overall mass of the film is,
for exaniple, at least 70% by mass, preferably at least 80% by
mass. In this description, the wording “mainly comprising”
and the wording “main ingredient” shall have the same mean-
ing,

[0110] A commercial cellulose acylate film (for example,
FUITFILM’s TDSOUF) may be, directly as it is or after heated
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and stretched, formed into a cellulose acylate film satisfying
the above formulae (11) to (13). A dope prepared by adding a
retardation enhancer such as a 1,3,5-triazine ring compound
to a solution of cellulose acylate having a degree of acetyla-
tion of from 55.0 to 62.5% or so may be cast onto a drum or
the like to form thereon a cellulose acylate film satisfying the
above formulae (11) to (13). Retarding the condition for the
dope casting method, the retardation enhancer and the cellu-
lose acylate material that are usable in the methods described
below, detailed descriptions are given, for example, in JP-A
2001-166144, and are referred to for the formation of the
polymer films.

[0111] Cellulose acylate is a cellulose derivative in which a
part of or all of hydroxy groups are substituted with an acyl
group. The degree of substitution of cellulose acylate means
the degree of acylation of three hydroxyl groups existing in
the constitutive unit (($)1,4-glycoside-bonding glucose) of
cellulose. The degree of substitution (degree of acylation)
may be computed by measuring the bonding fatty acid
amount per the constitutive unit mass of cellulose. The deter-
mination may be carried out according to “ASTM D817-91".
[0112] Preferably, the cellulose acylate is selected from
cellulose acetates having a degree of acetyl substitution of
from 2.90 to 3.00. More preferably, the degree of acetyl
substitution is from 2.93 to 2.97.

[0113] Other preferable examples of the material of the
polymer film include cellulose ester derivatives of mixed fatty
acids of which total acylation degree is from 2.70 to 3.00.
Cellulose ester derivatives, having a C;_, acyl group, of mixed
fatty acids of which total acylation degree is from 2.80 to
3.00, are more preferable. The total acylation degree of the
cellulose ester derivatives of mixed fatty acids is even more
preferably from 2.85 to 2.97. The substitution degree with
C,_, acyl group is preferably from 0.1 to 2.0, and more pref-
erably from 0.3 to 1.5.

[0114] Preferably, the cellulose acylate has a mass-average
degree of polymerization of from 350 to 800, more preferably
from 370 to 600. Also preferably, the cellulose acylate for use
in the invention has a number-average molecular weight of
from 70,000 to 230,000, more preferably from 75,000 to
230,000, even more preferably from 78,000 to 120,000.
[0115] The cellulose acylate may be produced, using an
acid anhydride or an acid chloride as an acylation agent for it.
Using an acid hydride as an acylation agent, organic acid such
as acetic acid or methylene chloride may be used as reaction
solvent. Protic catalysts such as sulfuric acid may be used as
catalyst. Using an acid chloride as an acylation agent, basic
catalysts may be used as catalyst. One most general produc-
tion method for producing the cellulose acylate on an indus-
trial scale comprises esterifying cellulose obtained from cot-
ton linter, wood pulp or the like with a mixed organic acid
component comprising an organic acid corresponding to an
acetyl group and other acyl group (acetic acid, propionic acid,
butyric acid) or its acid anhydride (acetic anhydride, propi-
onic anhydride, butyric anhydride).

[0116] According to this process, before being esterified, in
general, cellulose obtained from cotton linter and wood pulp
is subjected to an activation treatment with organic acid such
as acetic acid. Acid anhydride may be used in excess com-
pared with the amount of hydroxy groups in cellulose.
According to the esterification, the hydrolysis, or in other
words depolymerization reaction, of §1—4 glycoside bonds
in cellulose major chain may be carried out while the esteri-
fication is carried out. When the hydrolysis of the main chain
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is carried out, the polymerization degree of cellulose acylate
is decreased and therefore properties of a cellulose acylate
film made of it maybe lowered. The reaction conditions such
as reaction temperature may reflect the preferable polymer-
ization degree and/or molecular weight of cellulose acylate.

[0117] The polymer films, satisfying the formulas (11) to
(13), may be prepared from commercially available films,
such as “TD8OUF” manufactured by FUJIFILM, directly or
by being subjected to a heat treatment. The polymer films may
also be prepared as follows. A dope is prepared by adding a
retardation enhancer such as 1,3,5-triazine ring compound to
a solution of cellulose acylate having a acylation degree of
55.0to 62.5% around, and cast on a drum to form a cellulose
acylate film satisfying the formulas (11) to (13). The condi-
tions of the solvent casting method, examples of the retarda-
tion enhancer and cellulose acylate materials, which are
described in JPA No. 2001-166144 in detail, may be
employed in the method for preparing the polymer.

3.-2 Optically-Anisotropic Layer:

[0118] The wavelength dispersion characteristics of retar-
dation, Rth(450)/Rth(500) of the optically-anisotropic layer
that the retardation films of the first and second aspects have
therein is preferably from 1.05 to 1.15, more preferably from
1.06 to 1.14, even more preferably from 1.07 to 1.13. When
the layer has the wavelength dispersion characteristics of
retardation falling within the range, then the retardation film
may have good wavelength dispersion characteristics of retar-
dation, as combined with the wavelength dispersion charac-
teristics of retardation of the polymer film therein, and there-
fore, the retardation film may compensate liquid-crystal
display devices in the entire visible light range. Preferably,
in-plane retardation Re of the optically-anisotropic layer is
from 0 to 10 nm, more preferably from 0 to 5 nm.

[0119] In addition, the value, Rth/d, obtained by dividing
thickness-direction retardation Rth of the optically-anisotro-
pic layer by the thickness d of the optically-anisotropic layer
is preferably equal to or more than 0.080, more preferably
equal to or more than 0.090, and even more preferably equal
to more than 0.10. The optically-anisotropic layer satisfying
the condition is advantageous in that it may be free from a
problem of coating unevenness in a coating process of con-
tinuously forming it on a long support. Using a liquid-crystal
compound having excellent Rth expressibility, in particular, a
liquid-crystal compound represented by a general formula
(DI) to be mentioned below facilitates the formation of the
optically-anisotropic layer having Rth/d of at least 0.080. Not
specifically defined, the uppermost limit of Rth/d may be
generally at most 0.20.

3.-2-1 Optically-Anisotropic Layer of Polymerizable Com-
position:

[0120] Preferably, the optically-anisotropic layer is formed
of a polymerizable composition, more preferably a composi-
tion that comprises a liquid-crystal compound having an opti-
cally-negative refractivity anisotropy and having a polymer-
izable group(s). Examples of such the optically-anisotropic
layer include a layer formed of a polymerizable composition
that comprises a chiral nematic (cholesteric) liquid-crystal
compound, and a layer, in which the discotic liquid-crystal-
derived discotic structure units are aligned horizontally to the
layer face, formed of a composition that comprises discotic
liquid-crystal compound.
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[0121] The chiral nematic (cholesteric) liquid-crystal com-
pound means a compound that forms a chiral nematic (cho-
lesteric) liquid-crystal phase when the compound-containing
composition is applied on a polymer substrate, and examples
of such the compound include rod-like liquid-crystal com-
pounds and polymer liquid-crystal compounds.

[0122] For chiral nematic (cholesteric) alignment of rod-
like liquid-crystal compound, used is an optically-active rod-
like liquid-crystal compound or a mixture of a rod-like liquid-
crystal compound and an optically-active compound.
Preferable examples of the rod-like liquid crystal compound
include azomethines, azoxys, cyanobiphenyls, cyanophenyl
esters, benzoate esters, cyclohexane carboxylic acid phenyl
esters, cyanophenyl cyclohexanes, cyano-substituted phenyl
pyrimidines, alkoxy-substituted phenyl pyrimidines, phenyl
dioxanes, tolans and alkeny! cyclohexyl benzonitriles.
[0123] A composition containing the compound is applied
to a surface of a polymer film support, and then fixed thereon
with keeping the alignment state as such in the same manner
as in the formation of an optically-anisotropic layer of a
discotic liquid-crystal compound to be mentioned here-
inunder.

[0124] The optically-anisotropic layer may also be formed
of a polymer material that has, when formed by coating,
negative refractivity anisotropy and has an optical axis in the
normal line direction of the film surface. The polymer mate-
rial may be a film-forming material having at least one aro-
matic ring, as proposed in JPA No. 2000-190385 (various
polymers such as polyamide, polyimide, polyamic acid, poly-
ester, polyesteramide, and polymerizable low-molecular
compounds capable of forming such polymers). When
applied onto a support by coating, the layer ofthe material has
negative refractivity anisotropy and has an optical axis in the
normal line direction of the layer face, generally having regu-
lar wavelength dispersion characteristics of retardation.

3.-2-2 Optically-Anisotropic Layer of Discotic Liquid Crys-
tal Composition:

[0125] According to the invention, the optically anisotropic
layer is preferably formed of a composition containing at
least one discotic liquid crystal compound. Examples of the
discotic liquid-crystal compound include benzene derivatives
described in “Mol. Cryst.”, vol. 71, page 111 (1981), C.
Destrade et al; truxane derivatives described in “Mol. Cryst.”,
vol. 122, page 141 (1985), C. Destrade etal. and “Physics lett.
A”, vol. 78, page 82 (1990); cyclohexane derivatives
described in “Angew. Chem.”, vol. 96, page 70 (1984), B.
Kohne et al.; and macrocycles based aza-crowns or phenyl
acetylenes described in *“J. Chem. Commun.”, page 1794
(1985), M. Lehnetal. and “J. Am. Chem. Soc.”, vol. 116, page
2,655 (1994), J. Zhang et al. The polymerization of discotic
liquid-crystal compounds is described, for example, in JPA
No. Hei 8-27284 (1996-27284).

[0126] In order to immobilize discotic liquid crystalline
molecules by a polymerization, the discotic liquid crystal
compounds having at least one polymerizable group(s) are
preferable. For example, a polymerizable group may be
bonded as a substituent group to a disk-shaped core of the
discotic liquid crystalline molecule. Ina preferred compound,
the disk-shaped core and the polymerizable group are prefer-
ably bonded through a linking group, whereby the aligned
state can be maintained in the polymerization reaction.
Examples of the discotic liquid crystal compound having at
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least one polymerizable group include the compounds repre-
sented by formula (VI) below.

D(-L-P), VD)

[0127] Inthe formula, D is a disk-shaped core, L is a diva-
lent liking group, P is a polymerizable group and n is an
integer from 2 to 12.

[0128] Inthe formula, examples of the disk-shaped core, D,
the linking group, L, and the polymerizable group, P, include
(D1) to (D15), (L1) to (L25) and (P1) to (P18) described in
JPA No. 2001-4837.

[0129] Thediscotic liquid crystal compound having at least
one polymerizable group may be aligned horizontally, as
described above. Preferable examples of such discotic liquid
crystal compound also include the examples described in
WOO01/88574A1, from p. 58, 1.6 to p. 65, 1.8.

[0130] According to the invention, the discotic compound
is preferably selected from the compounds represented by
formula (DI).

iy

Rl
|
Hl
|
Ll

Ylgk\Yll

)|\ /J\

L3 Yl2 L2
e H_
R R?
[0131] In formula (DI), Y*', Y'* and Y'? each indepen-

dently represent a methine group or a nitrogen atom. When
each of Y'*, Y% and Y*? each is a methine group, the hydro-
gen atom of the methine group may be substituted with a
substituent. Examples of the substituent of the methine group
include an alkyl group, an alkoxy group, an aryloxy group, an
acyl group, an alkoxycarbonyl group, an acyloxy group, an
acylamino group, an alkoxycarbonylamino group, an alky-
Ithio group, an arylthio group, a halogen atom, and a cyano
group.

[0132] Of those, preferred are an alkyl group, an alkoxy
group, an alkoxycarbonyl group, an acyloxy group, a halogen
atom and a cyano group; more preferred are an alkyl group
having from 1 to 12 carbon atoms (the term “carbon atoms”
means hydrocarbons in a substituent, and the terms appearing
in the description of the substituent of the discotic liquid
crystal compound have the same meaning), an alkoxy group
having from 1 to 12 carbon atoms, an alkoxycarbonyl group
having from 2 to 12 carbon atoms, an acyloxy group having
from 2 to 12 carbon atoms, a halogen atom and cyano.
[0133] Preferably, Y*!,Y'? and Y'? are all methine groups,
more preferably non-substituted methine groups.

[0134] In formula (DI), L', L* and L* each independently
represent a single bond or a bivalent linking group. The biva-
lent linking group is preferably selected from —O—, —S—,
—C(=0)—, —NR"—, —CH=CH—, —C=C—, a biva-
lent cyclic group, and their combinations.

[0135] R” represents an alkyl group having from 1 to 7
carbon atoms, or a hydrogen atom, preferably an alkyl group
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having from 1 to 4 carbon atoms, or a hydrogen atom, more
preferably a methyl, an ethyl or a hydrogen atom, even more
preferably a hydrogen atom.

[0136] The bivalent cyclic group for L', I.? and L? is pref-
erably a 5-membered, 6-membered or 7-membered group,
more preferably a 5-membered or 6-membered group, even
more preferably a 6-membered group. The ring in the cyclic
group may be a condensed ring. However, a monocyclic ring
is preferred to a condensed ring for it.

[0137] Thering in the cyclic ring may be any of an aromatic
ring, an aliphatic ring, or a hetero ring. Examples of the
aromatic ring are a benzene ring and a naphthalene ring. An
example of the aliphatic ring is a cyclohexane ring. Examples
of the hetero ring are a pyridine ring and a pyrimidine ring.
[0138] Preferably, the cyclic group contains an aromatic
ring or a hetero ring. Preferably, the cyclic group is a linking
group consisting of a cyclic structure, optionally having at
least one substituent.

[0139] Of the bivalent cyclic group, the benzene ring-hav-
ing cyclic group is preferably a 1,4-phenylene group.

[0140] The naphthalene ring-having cyclic group is prefer-
ably a naphthalene-1,5-diyl group or a naphthalene-2,6-diyl
group.

[0141] The cyclohexane ring-having cyclic group is pref-
erably a 1,4-cyclohexylene-diyl group.

[0142] The pyridine ring-having cyclic group is preferably
a pyridine-2,5-diyl group.

[0143] The pyrimidine ring-having cyclic group is prefer-
ably a pyrimidin-2,5-diy] group.

[0144] Thebivalent cyclic group forL', L* and L may have
asubstituent. Examples of the substituent are a halogen atom,
a cyano group, a hitro group, an alkyl group having from 1 to
16 carbon atoms, an alkenyl group having from 2 to 16 carbon
atoms, an alkynyl group having from 2 to 16 carbon atoms, a
halogen atom-substituted alkyl group having from 1 to 16
carbon atoms, an alkoxy group having from 1 to 16 carbon
atoms, an acyl group having from 2 to 16 carbon atoms, an
alkylthio group having from 1 to 16 carbon atoms, an acyloxy
group having from 2 to 16 carbon atoms, an alkoxycarbonyl
group having from 2 to 16 carbon atoms, a carbamoyl group,
an alkyl group-substituted carbamoyl group having from 2 to
16 carbon atoms, and an acylamino group having from 2 to 16
carbon atoms.

[0145] Inthe formula, L', [*> and L.’ are preferably a single
bond, *-0—CO— *—-(CO0—0— *CH—CH—,
¥ (C=C—, *“bivalent cyclic group”™, *—0O—CO—
“bivalent cyclic group”-, *—CO—O— “bivalent cyclic
group”-, *—CH—=CH— “bivalent cyclic group™,
*C=C— “bivalent cyclic group”-, *-“bivalent cyclic
group” —O—CO—, *-“bivalent cyclic group” —CO—O0—,
*“bivalent cyclic group” —CH=—CH—, or *-“bivalent
cyclic group” —C=C—.

[0146] More preferably, they are a single bond,
*—CH—CH—, *—C=C—, *—CH—CH— -“bivalent
cyclic group”- or ¥*—C=C— “bivalent cyclic group”-, even
more preferably a single bond.

[0147] Inthe examples, “*” indicates the position at which
the group bonds to the 6-membered ring of formula (DI) that
contains Y1, Y'? and Y.

Feb. 5, 2009

[0148] In formula (DI), H', H* and H? each independently
represent the following formula (DI-A) or (DI-B):

a (DI-A)
\( 7/
XA—YA?

[0149] In formula (DI-A), YA and YA each independently
represent a methine group or a nitrogen atom. Preferably, at
least one of YA' and YA? is a nitrogen atom, more preferably
they are both nitrogen atoms. XA represents an oxygen atom,
a sulfur atom, a methylene group or an imino group. XA is
preferably an oxygen atom.

[0150] Itisto benoted that * indicates the position at which
the formula bonds to any of L' to L*; and ** indicates the
position at which the formula bonds to any of R to R?, and
that “imino” means —NH— (or the group in which H is
substituted with any substituent).

(DI-B)
* YB! o

X

YB2—XB

[0151] Informula(DI-B),YB' and YR eachindependently
represent a methine group or a nitrogen atom. Preferably, at
least one of YB' and YB? is a nitrogen atom, more preferably
they are both nitrogen atoms.

[0152] XB represents an oxygen atom, a sulfur atom, a
methylene group or an imino group. XB is preferably an
oxygen atom.

[0153] * indicates the position at which the formula bonds
to any of L' to L?; and ** indicates the position at which the
formula bonds to any of R' to R*.

[0154] In the formula, R*, R* and R? each independently
represent the following formula (DI-R):

(DLR)
s _6 LZI_QZﬁH_LZZ_ L23_Ql
1

[0155] In formula (DI-R), * indicates the position at which
the formula bonds to H*, H? or H in formula (DI).

[0156] In the formula, L*' represents a single bond or a
bivalent linking group. When 1> is a bivalent linking group,
it is preferably selected from a group consisting of —O—,
—S8—, —C(=0)—, —NR"—, —CH=CH—, —C=C—,
and their combination. R” represents an alkyl group having
from 1 to 7 carbon atoms, or a hydrogen atom, preferably an
alkyl group having from 1 to 4 carbon atoms, or a hydrogen
atom, more preferably a methyl group, an ethyl group or a
hydrogen atom, even more preferably a hydrogen atom.
[0157] In the formula, I?' is preferably a single bond,
w*_O0—CO—, **—CO—0—, *** CH—CH— or
#x%_C—C— (in which *** indicates the left side of L' in
formula (DI-R)). More preferably it is a single bond.

[0158] In the formula, Q* represents a bivalent linking
group having at least one cyclic structure. Thecyclic structure
is preferably a S5-membered ring, a 6-membered ring, or a
7-membered ring, more preferably a 5-membered ring or a
6-membered ring, even more preferably a 6-membered ring.
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The cyclic structure may be a condensed ring. However, a
monocyclic ring is preferred to a condensed ring for it.
[0159] Thering inthe cyclic ring may be any of an aromatic
ring, an aliphatic ring, or a hetero ring. Examples of the
aromatic ring are a benzene ring, a naphthalene ring, an
anthracene ring, a phenanthrene ring.

[0160] An example of the aliphatic ring is a cyclohexane
ring.
[0161] Examples of the hetero ring are a pyridine ring and

a pyrimidine ring.

[0162] Preferably, the cyclic group contains an aromatic
ring or a hetero ring. Preferably, the cyclic group is a divalent
linking group consisting of a cyclic structure, optionally hav-
ing at least one substituent.

[0163] In the formula, the benzene ring-having group for
Q? is preferably a 1,4-phenylene group.

[0164] The naphthalene ring-having group for Q° is pref-
erably a naphthalene-1,5-diyl group and a naphthalene-2,6-
diyl group.

[0165] The cyclohexane ring-having group for Q? is pref-
erably a 1,4-cyclohexylene group.

[0166] The pyridine ring-having group for Q? is preferably
a pyridine-2,5-diyl group.

[0167] The pyrimidine ring-having group for Q? is prefer-
ably a pyrimidin-2,5-diyl group.

[0168] More preferably, Q* is a 1,4-phenylene group or a
1,4-cyclohexylene group.

[0169] Inthe formula, Q* may have a substituent. Examples
of the substituent are a halogen atom (e.g., fluorine atom,
chlorine atom, bromine atom, iodine atom), a cyano group, a
nitro group, an alkyl group having from 1 to 16 carbon atoms,
an alkenyl group having from 1 to 16 carbon atoms, an alky-
nyl group having from 2 to 16 carbon atoms, a halogen atom-
substituted alkyl group having from 1 to 16 carbon atoms, an
alkoxy group having from 1 to 16 carbon atoms, anacyl group
having from 2 to 16 carbon atoms, an alkylthio group having
from 1 to 16 carbon atoms, an acyloxy group having from 2 to
16 carbon atoms, an alkoxycarbonyl group having from 2 to
16 carbon atoms, a carbamoyl group, an alkyl group-substi-
tuted carbamoyl group having from 2 to 16 carbon atoms, and
an acylamino group having from 2 to 16 carbon atoms.
[0170] Preferable examples of the substituent include a
halogen atom, a cyano group, an alkyl group having from 1 to
6 carbon atoms, and a halogen atom-substituted alkyl group
having from 1 to 6 carbon atoms; more preferable examples
include a halogen atom, an alkyl group having from 1 to 4
carbon atoms, and a halogen atom-substituted alkyl group
having from 1 to 4 carbon atoms; even more preferable
examples include a halogen atom, an alkyl group having from
1 to 3 carbon atoms, and a trifluoromethyl group.

[0171] Inthe formula,nl indicates an integer of from 0 to 4.
nl is preferably an integer of from 1 to 3, more preferably 1 or
2.

[0172] In the formula, [.** represents **—OQ—, **—0—
cO— *—-CO0—0—, **—-0—CO—0— **—S—
*_NH—, **—S0,—, **—CH,—, **—CH—CH— or
#%_(C—C— in which ** indicates the side bonding to Q°
side), preferably **—O—, **—0—CO—, **—CO—0—,
*»_0—-CO—0— **CH,— **CH=CH— or
**__C—C—, and more preferably **—-O— ** 00—
CO—, ¥*—CO—0—, *—0—CO—0—, or **—CH,—.
[0173] In the formula, [** represents a bivalent linking
group selected from —O—, —S— —C(—0)—, —SO,—,
—NH—, —CH,—, —CH—CH— and —C=C—, and a
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group formed by linking two or more of these. The hydrogen
atom in —NH—, —CH,— and —CH—CH— may be sub-
stituted with any other substituent. Examples of the substitu-
ent are a halogen atom, a cyano group, a nitro group, an alkyl
group having from 1 to 6 carbon atoms, a halogen atom-
substituted alkyl group having from 1 to 6 carbon atoms, an
alkoxy group having from 1 to 6 carbon atoms, an acyl group
having from 2 to 6 carbon atoms, an alkylthio group having
from 1 to 6 carbon atoms, an acyloxy group having from 2 to
6 carbon atoms, an alkoxycarbonyl group having from 2 to 6
carbon atoms, a carbamoyl group, an alkyl group-substituted
carbamoyl group having from 2 to 6 carbon atoms, and an
acylamino group having from 2 to 6 carbon atoms. Especially
preferred are a halogen atom, and an alkyl group having from
1 to 6 carbon atoms.

[0174] In the formula, [** is preferably a linking group
selected from a group consisting of —O—, —C(—0)—,
—CH,—,—CH—CH—and —C=C—, and a group formed
by linking two or more of these.

[0175] 123 preferably has from 1 to 20 carbon atoms, more
preferably from 2 to 14 carbon atoms. Preferably, L** has
from 1 to 16 (—CH,—)’s, more preferably from 2 to 12
(—CH,—)’s.

[0176] In the formula, Q' represents a polymerizing group
or a hydrogen atom. In case where the compound of formula
(DI) is used in producing optical films of which the retarda-
tion is required not to change by heat, such as optical com-
pensatory films, Q" is preferably a polymerizing group. The
polymerization for the group is preferably addition polymer-
ization (including ring-cleavage polymerization) or polycon-
densation. In other words, the polymerizing group preferably
has a functional group that enables addition polymerization
or polycondensation. Exanmiples of the polymerizing group
are shown below.

i i i1
e 25 ch\c A5 C,HS\C 25
2
i H
CH; cl
. ) ;
" 7\c¢\ Hcé\ HC¢\
0 2 2
HsC ¢ C
3 Z
SN g N md—cn
| ~
Cli
H
N
/\ —su —oH —NH,
AC—CH__
0 0
/ 4
—cC —3 N=(C=0 N=C=$§
\ 7\
OH 0 OH

[0177] More preferably, the polymerizing group is addi-
tion-polymerizing functional group. The polymerizing group
of the type is preferably a polymerizing ethylenic unsaturated
group or a ring-cleavage polymerizing group.
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[0178] Examples of the polymerizing ethylenic unsatur-
ated group are the following (M-1) to (M-6):

M-1)

CH,—CH
\C —0—
g
(M-2)
CH;
CH2:<
C—0—
V4
O
(M-3)
CH,=—CH
\C —N—
.
(M-4)
CH,
CH. C/
=
/\C —N—
|
(M-5)
CH,=—CH O
TN
o— C\
(M-6)
CH,
2\CH
[0179] In formulae (M-3)and (M-4), R represents a hydro-

gen atom or an alkyl group. R is preferably a hydrogen atom
or a methyl group.

[0180] Of formulae (M-1) to (M-6), preferred are formulae
(M-1) and (M-2), and more preferred is formula (M-1).
[0181] The ring-cleavage polymerizing group is preferably
a cyclic ether group, more preferably an epoxy group or an
oxetanyl group, most preferably an epoxy group.

[0182] Aliquid-crystal compound of the following formula
(DII) is more preferred for the liquid-crystal compound for
use in the invention.

(DID)
R3l

Y33J\Y31
L.
R33J\

Y32 R32

[0183] In formula (DID), Y*!, Y2 and Y>* each indepen-
dently represent a methine group or a nitrogen atom. Y=, Y>*
and Y*? have the same meaning as that of Y**, Y*? and Y** in
formula (DI), and their preferred range is also the same as
therein.
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[0184] Inthe formula, R*!, R*?and R*? each independently
represent the following formula (DII-R):

(DI-R)

31
/A
/>_Q31n3_ L31_L32_Q32

3
X \A32

[0185] Informula (DII-R), A*' and A** each independently
represent a methine group or a nitrogen atom. Preferably, at
least one of A*! and A*? is a nitrogen atom; most preferably
the two are both nitrogen atoms. In the formula, X represents
an oxygen atom, a sulfur atom, a methylene group or an imino
group. Preferably, X? is an oxygen atom.

[0186] In formula (DII-R), Q*' represents a bivalent cyclic
linking group having a 6-membered cyclic structure.

[0187] The 6-membered ring in F* may be a condensed
ring. However, a monocyclic ring is preferred to a condensed
ring for it.

[0188] The 6-membered ring in Q*' may be any of an aro-
matic ring, an aliphatic ring, or a hetero ring. Examples of the
aromatic ring are a benzene ring, a naphthalene ring, an
anthracene ring and a phenanthrene ring.

[0189] An example of the aliphatic ring is a cyclohexane
ring.
[0190] Examples of the hetero ring are a pyridine ring and

a pyrimidine ring.

[0191] Preferably, the cyclic group contains an aromatic
ring or a hetero ring. Preferably, the cyclic group is a divalent
linking group consisting of a cyclic structure, optionally hav-
ing at least one substituent.

[0192] In the formula, the benzene ring-having group for
Q**! is preferably a 1,4-phenylene group or a 1,3-phenylene
group.

[0193] The naphthalene ring-having group for Q*' is pref-
erably a naphthalene-1,5-diyl group and a naphthalene-2,6-
diyl group.

[0194] The cyclohexane ring-having group for Q' is pref-
erably a 1,4-cyclohexylene group.

[0195] Thepyridine ring-having group for Q*' is preferably
a pyridine-2,5-diyl group.

[0196] The pyrimidine ring-having group for Q** is prefer-
ably a pyrimidin-2,5-diyl group.

[0197] More preferably, Q*' is a 1,4-phenylene group or a
1,3-phenylene group.

[0198] In the formula, Q*' may have at lease one substitu-
ent. Examples of the substituent are a halogen atom (e.g,.,
fluorine atom, chlorine atom, bromine atom, iodine atom), a
cyano group, a nitro group, an alkyl group having from 1to 16
carbon atoms, an alkenyl group having from 2 to 16 carbon
atoms, an alkyny1 group having from 2 to 16 carbon atoms, a
halogen atom-substituted alkyl group having from 1 to 16
carbon atoms, an alkoxy group having from 1 to 16 carbon
atoms, an acyl group having from 2 to 16 carbon atoms, an
alkylthio group having from 1 to 16 carbon atoms, an acyloxy
group having from 2 to 16 carbon atoms, an alkoxycarbonyl
group having from 2 to 16 carbon atoms, a carbamoyl group,
an alkyl group-substituted carbamoy] group having from 2 to
16 carbon atoms, and an acylamino group having from 2 to 16
carbon atoms.

[0199] The substituent of the bivalent cyclic group is pref-
erably a halogen atom, a cyano group, an alkyl group having
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from 1 to 6 carbon atoms, a halogen atom-substituted alkyl
group having from 1 to 6 carbon atoms, more preferably a
halogen atom, an alkyl group having from 1 to 4 carbon
atoms, a halogen atom-substituted alkyl group having from 1
to 4 carbon atoms, even more preferably a halogen atom, an
alkyl group having from 1 to 3 carbon atoms, or a trifluorom-
ethyl group.

[0200] Inthe formula, n3 indicates an integer of from 1 to 3. D-18 D-19
n3 is preferably 1 or 2.

[0201] In the formula, L*! represents * O, * O  — CCH——0,

c0— *C0—0— *0-CO—0— *-S— 0

*NR)}—, *S0,— *—CH,—, *CH=CH— or

*—(C=C— (in which “*” indicates the site bonding to the D-20

Q*! side), and has the same meaning as that of L in formula

(DI-R). The preferred range of I.>' may be the same as that of

1?2 in formula (DI-R).

[0202] In the formula, L*? represents a bivalent linking R

group selected from —O—, —S— —C(—0)—, —SO,—,

—NH—, —CH,—, —CH—CH— and —C=C—, and a

group formed by linking two or more of these, and when the

group has a hydrogen atom, the hydrogen atom may be sub-

stituted with a substituent, and has the same meaning as that R R

of L** in formula (DI-R). The preferred range of L** may be

-continued

—O(CH;yOCOCH==CHCH;  —O(CH,)}OCH=CH,

the same as that of L** in formula (DI-R). O—N
[0203] Inthe formula, Q*? represents a polymerizing group /4 \
or a hydrogen atom, and has the same meaning as that of Q X

in formula (DI-R). And its preferred range is the same as that x
of Q' in fornmula (DI-R).

[0204] Examples of the compound represented by formula
(DI), but are not limited to, those shown below. F
R
X= —O0CH, —O0CGH,; —O0CH; —O0CH;; —O0CH;
D-99 D-100 D-101 D-102 D-103
— OCHCH(CHy)CiHy ~ ——O(CH,0C0CH=CH,
R R
D-104 D-105
0—N
\ —O(CH);0C0CH=CH, ——O(CH,%0COCH=CH,
X
R= N D-106 D-107
—O(CH,)sOCOCH=CH, =——0(CH,)}0COCH=CH,
X D-108 D-109
X= —0CH, —O0GH; —O0CH,; ——O0CH;s ——O0CH,
—O(CH);0COCH==CH, ——O(CH,)s0COCH=CH,
D-1 D2 D-3 D4 D-5
D-110 D-111
— OCHCH(CHyCiHy  ——O(CH,),0C0CH=CH,
— O(CH, ) CH(CH;)OCOCH=CH,  ——O(CH,);CH(CH;)OCOCH=CIH,
D-6 D-7
D-112 D-113
— O(CH);0COCH=CH, —O(CH,)}0COCH=CI,
— O(CH,CH,0),COCH=CH, = ——O(CH,);0C0C=CH,
D8 D9 [
D114 CH
—O(CH,)sOCOCH=CH, ——O0(CH,)}0COCH=CH,
D-115
D-10 D-11
—O(CH};0COCH=CH, = ——O(CH,){0COCH=CH,
D-12 D-13
—— O(CH;)4OCOCH ==CHCH:; —O(CH,);OCH=CH
— O(CH),CH(CHy)OCOCH=CH, ~ ——O(CH,);CH(CH;)OCOCH=CH, (CHox } (T 2

D-14

— O(CH,CH,0),COCH==CH,

D-1¢

D-15

— O(CH),0COC==CH,

CH;

D-116

— O(CHy)y— CH—CH,
\/

D-118

D-117
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-continued
R
R % R
O0—N
//A§
R= N
X
X=—CHy —CsHyy —Cllp3
D-281 D-282 D-283
—CH,CH(CHy)CjH,  ——O(CH,),0COCH==CH,
D-284 D-285
—(CH,,0COCH=CH, = ——(CH,),0COCH=CH,
D-286 D-287
——(CHy)s0COCH==CH, = ——(CH,),CH(CH3)0OCOCH==CH,
D-289 D-290
R
R % R
O0—N
//L§
R= N
F
X
——(CH,);0COCH=CH,
D-201
R
R % R
O0—N
//A\
R= N
Cl
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-continued
—— (CH,);0COCH=CH,

D-292
R
R f R

O0—N Me

A
)

X
——(CH,)30COCH=CH,

D-293

= —O0Cgd;; —O0COCsH,;; ——0C00C,H,
D-295 D-296 D-297

— O(CH)4OCOCH=CH,

D-298
—O(CHyOCOCH=CH, = ——0CO(CH,);0COCH=CH,
D-299 D-300
— OCO(CH,0COCH=CH, ——QCOO(CH,),0COCH=CH,
D-301 D-302
— OCOO(CH,);0COCH=CH, = ——OCOO(CHCH,0),COCH=CH,
D-303 D-304
R
R R
O0—N
A
R= N



US 2009/0033839 A1

-continued
X= —CO0CHy —COOCsH,, ——CO0gH,3
D-518 D-519 D-520

—COO(CH0COCH=CH, ——COO(CH,);0COCH=CH,

D-521 D-522

—COO(CH){O0COCH=CH, ——COO(CH,)s0COCH=CH,

D-523 D-524

— COO(CHy){0COCH=CH, ——COO(CH,);0COCH=CH,

D-525 D-526

— COO(CH,)s0COCH==CH, ——COO(CH,CH,0),COCH==CH,

D-527 D-528

—— COO(CH,),CH(CH;)0COCH==CH,
D-529
——COO(CH,);CH(CH;)OCOCH =CH,

D-530
— COO(CH,),CH(CH;)0COCH =CH,

D-531
— COOCH,CH(CH3)CH,0OCOCH==CH,
D-532
—— COO(CH,),CH(CH3){CH,),OCOCH==CH,
D-533

—— COOCH(CH3)(CHy),0COCH==CH, =~ —— COO(CH,)sOCOC==CHj

D-534 i

D-535

—COO(CHy)yOCH=CH, ——COO(CH,);—CH —/ CH,
\

D-536
D-537

[0205] Theliquid crystal compound to be used in the inven-
tion preferably expresses a liquid crystal phase having a good
monodomain property. If a liquid crystal phase contains poly-
domains, alignment defects may be occurred at the interfaces
among the polydomains, and such defects may cause light
scattering. Therefore, use of a liquid crystal compound,
expressing a liquid crystal phase having a good monodomain
property, is helpful for preventing such light scattering. Fur-
thermore, use of such aliquid crystal compound may contrib-
ute to increasing the light transmittance of the retardation film
prepared therefrom.

[0206] Examples of theliquid-crystal phase, that the liquid-
crystal compound of the invention expresses, include a
columnar phase and a discotic nematic phase (ND phase). Of
those liquid-crystal phases, preferred is a discotic nematic
phase (ND phase) since it has a good monodomain property
and it can be aligned in a hybrid alignment sate.

[0207] According to the invention, the liquid crystal com-
pound having smaller wavelength dispersion characteristics
of anisotropy is more preferable. In particular, Re(450)/Re
(650) of the optically anisotropic layer is preferably less than
1.25, more preferably equal to or less than 1.20, and even
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more preferably equal to or less than 1.15. The thickness of
the optically anisotropic layer is preferably equal to or less
than 5 um. For reducing unevenness and improving smooth-
ness, the thickness is more preferably from 0.5 to 4.0 um. The
compound represented by formula (DI) is excellent in
expressing Rth, and the optically anisotropic layer prepared
by using the compound has the high Rth value even if the
thickness of the layer is very small as mentioned above.
[0208] For aligning the liquid crystal compound on a poly-
mer film (or an alignment layer optionally formed thereon),
the transition temperature to an isotropic phase, T,_, is pref-
erably form 100 to 180° C., more preferably from 100 to 165°
C., and even more preferably from 100 to 150° C.

[0209] The optically-anisotropic layer may be formed as
follows. A curable liquid crystal composition, comprising at
least the liquid crystal compound, may be applied to a surface
of a polymer film or an alignment film optionally formed
thereon, aligned on the surface, and irradiated with UV light
to carry out the curing reaction. And the alignment state is
cured, and then, the optically anisotropic layer is obtained.
For improving the coating property and/or promoting align-
ment of the liquid crystal compound, at least one additive may
be added to the curable liquid crystal composition. Fluoro-
aliphatic group-containing polymers are preferable since
both effects are obtainable. Examples of such polymer
include polymers described in JPA No. 2006-267183.

4. Polarizing Plate:

[0210] The invention also relates to a polarizing plate com-
prising a polarizing film and the retardation film of the inven-
tion (retardation film of the first or second aspects).

[0211] Inthe polarizing plate of the invention, the retarda-
tion film is preferably stuck to the surface of the polarizing
film with an adhesive. More concretely, the back face of the
polymer film of the retardation film (on the side not coated
with an optically-anisotropic layer) is preferably stuck to the
surface of the polarizing film with an adhesive. In case where
any other polymer film or the like is disposed between the
polarizing film and the retardation film, the film is preferably
optically isotropic.

[0212] The films are preferably stuck together with an
adhesive. Not specifically defined, the adhesive may bea PVA
resin (including modified PVA with acetoacetyl group, sul-
fonic acid group, carboxyl group, oxyalkylene group or the
like), or an aqueous solution of a boron compound. Above all,
preferred is a PVA resin.

[0213] The thickness of the adhesive layer is, after dried,
preferably from 0.01 to 10 pm, more preferably from 0.05 to
5 um.

[0214] The sticking may be attained with holding both
edges of the retardation film of the invention while dried, or,
after dried, the edges of the retardation film may be released
from the holder, and then the film may be stuck. Preferably,
after stuck, the resulting laminate is trimmed at its edges; and
in the former, the film is trimmed preferably after stuck to the
polarizing film, but in the latter, the film is trimmed preferably
before stuck thereto. The trimming method may be any ordi-
nary one. Concretely, the film may be trimmed at both edges
with a cutter such as a knife, or may be trimmed according to
a method of using laser.

[0215] After stuck, the laminate is preferably heated for
drying the adhesive and for bettering the polarizing capability
thereof. The heating condition may differ depending on the
adhesive used. When a water-base adhesive is used, the heat-
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ing temperature is preferably not lower than 30° C., more
preferably from 40 to 100° C., even more preferably from 50
to 90° C. The process is preferably attained in one continuous
line in view of the property of the product and the production
efficiency thereof.

[0216] Theback face of the polymer film of the retardation
film may be processed for surface treatment to improve the
adhesiveness thereof.

[0217] The surface treatment may be, for example, glow
discharge treatment, UV irradiation treatment, corona treat-
ment, flame treatment, or acid or alkali treatment.

[0218] The glow discharge treatment as referred to herein
may be low-temperature plasma treatment with a low-pres-
sure gas at from 1073 to 20 Torr, or may also be plasma
treatment under atmospheric pressure.

[0219] The plasma-exciting vapor is a vapor that may be
excited with plasma under the condition as above, including
argon, helium, neon, krypton, xenon, nitrogen, carbon diox-
ide, flons such as tetrafluoromethane, and their mixtures.
[0220] These are described in detail in Hatsumei Kyokai
Disclosure Bulletin No. 2001-1745 (issued on Mar. 15,2001,
by Hatsumei Kyokai), pp. 30-32.

[0221] For plasma treatment under atmospheric pressure
recently specifically noted in the art, for example, employed
is irradiation energy of from 20 to 500 kGy under from 10 to
1,000 keV, more preferably irradiation energy of from 20 to
300 kGy under from 30 to 500 keV.

[0222] Thepolarizing film is, for example, one prepared by
dyeing a polarizing film of polyvinyl alcohol or the like with
iodine, and stretching it. After stretched, the film may be dried
for lowering the volatile content therein, The drying may be
attained after the retardation film or any other protective film
1s stuck thereto, in a separate heating step.

[0223] In case where any other polymer film exists as a
polarizing film-protective film, between the polarizing film
and the retardation film of the invention, it is desirable that the
film is substantially isotropic. Concretely, in-plane retarda-
tion Re of the film is preferably from O to 10 nm, more
preferably from 0 to 7 nm, even more preferably from 0 to 5
nm. Its thickness-direction retardation Rth is preferably from
-25t0 25 nm, more preferably from -15 to 15 nm, even more
preferably from —10 to 10 nm.

[0224] In case where the retardation film of the invention is
stuck to an isotropic film, an isotropic adhesive is preferably
used. The isotropic film is preferably a cellulose acylate film.
[0225] Preferably, the polarizing plate of the invention has
the retardation film of the invention (retardation film of the
first or second aspect) on one surface of a polarizing film and
has a protective film on the other surface thereof. The protec-
tive film is preferably a cellulose acylate film.

[0226] One embodiment of the polarizing plate of the
invention comprises a polarizing film, the retardation film of
the invention (serving also as a protective film for the polar-
izing film) and a second retardation film (negative A-plate or
biaxial film) to be mentioned hereinunder, in that order.
[0227] The optical properties and the durability (short-
term, long-term storability) of the polarizing plate of the
invention are preferably on the same level as that of commer-
cial super-high contrast products (for example, Sanritz’s
HLC2-5618).

[0228] Concretely, the polarizing plate is preferably as fol-
lows: Its visible light transmittance is at least 42.5%. Its
degree of polarization {(Tp-Te)/(Tp+Tc)}?=0.9995 (in
which Tp indicates a parallel transmittance. Tc indicates a
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cross transmittance). When it is left in an atmosphere at 60° C.
and 90% RH for 500 hours, and in a dry atmosphere at 80° C.
for 500 hours, the light transmittance change before and after
the test is at most 3% based on the absolute value thereof,
more preferably at most 1%, and the degree of polarization
change is at most 1% based on the absolute value thereof,
more preferably at most 0.1%.

[0229] Preferably, the polarizing plate of the invention has
at least one layer of a hard coat layer, an antiglare layer or an
antireflection layer, on the surface (viewing side) of the pro-
tective film on at least one side of the polarizer.

[0230] In use of the polarizing plate in a liquid-crystal
display device, the protective film to be disposed on the side
opposite to the liquid-crystal cell preferably has, as provided
thereon, a functional film such as an antireflection layer; and
as the functional layer, preferred is at least one layer of a hard
coat layer, an antiglare layer or an antireflection layer.
[0231] Itis not always necessary to provide these layers as
separate layers. For example, the antireflection layer or the
hard coat layer may be made to have an antiglare function,
and the resulting layer may be provided as an antiglare anti-
reflection layer in place of individually providing the two
layers of antireflection layer and antiglare layer.

Antireflection Layer:

[0232] In the invention, an antireflection layer comprising
at least a light-scattering layer and a low-refractivity layer as
laminated in that order, or an antireflection layer comprising
a middle-refractivity layer, a high-refractivity layer and a
low-refractivity layer as laminated in that order is preferably
formed on the protective film of the polarizer. Preferred
examples of those cases are mentioned below. In the former
constitution, in general, the mirror reflectivity of the layer
may be generally at least 1%, and the layer is referred to as a
low-reflection (LR) film. In the latter constitution, the layer
may realize a mirror reflectivity of at most 0.5%, and this is
referred to as anti-reflection (AR) film.

LR Film:

[0233] Described are preferred examples of the constitu-
tion where an antireflection layer (LR film) comprising a
light-scattering layer and a low-refractivity layer is formed on
the protective film of a polarizer.

[0234] Preferably, mat particles are dispersed in the light-
scattering layer; and refractive index of the material of the
other part than the mat particles in the light-scattering layer is
preferably within a range of from 1.50 to 2.00. The refractive
index ofthe low-refractivity layer is preferably within a range
of from 1.20 to 1.49.

[0235] In the invention, the light-scattering layer also has
antiglare and hard coat properties, and it may be a single layer,
or may be formed of plural layers, for example, from 2 to 4
layers.

[0236] Regarding the surface roughness profile thereof, the
antireflection layer is preferably so planned that the center
line mean roughness Ra is from 0.08 to 0.40 um, the 10-point
mean roughness Rz is at most 10 times as large as Ra, the
mean projection-recess distance Sm is from 1 to 100 um, the
standard deviation of the projection height from the deepest
recess is at most 0.5 um, the standard deviation of the center
line-based mean projection-recess distance Sm is at most 20
um, the face with a tilt angle of from 0 to 5° accounts for at
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least 10%. The layer that satisfies the requirements may favor-
ably attain sufficient antiglaring capability and may give uni-
form mat looks.

[0237]  Also preferably, the color of the reflected light under
a C light source is from =2 to 2 as a* and from -3 to 3 as b*;
and the ratio of the minimum to the maximum of the reflec-
tivity within a range of from 380 to 780 nm is from 0.5 t0 0.99.
Satisfying the requirements, the reflected light on the film
may be neutral.

[0238] Further, the color of the transmitted light under a C
light source is preferably from 0 to 3 as b*. When the film is
applied to a display device, the white display is prevented
from yellowing.

[0239] Also preferably, the standard deviation of the bright-
ness distribution measured on the film with inserting a lattice
of 120 pmx40 um between the surface illuminant and the
antireflection layer is at most 20. When the polarizing plate of
the invention that satisfies the requirement is applied to a
high-definition panel, the surface glaring may be reduced.

[0240] The optical properties of the antireflection layer for
use in the invention are preferably as follows: The mirror
reflectivity is at most 2.5%, the transmittance is at least 90%,
the 60° gloss is at most 70%. Having the preferred optical
properties, the layer may prevent external light reflection
thereon and its visibility may be thereby bettered. In particu-
lar, the mirror reflectivity is more preferably at most 1%, even
more preferably at most 0.5%.

[0241] Also preferably, the haze is from 20 to 50%; the ratio
of inner haze/total haze is from 0.3 to 1; the haze reduction
from the haze after the formation of the light-scattering layer
to that after the formation of the low-refractivity layer is at
most 15%; the transmitted image sharpness through a comb
width of 0.5 mm is from 20 to 50%; the transmittance ratio of
vertical ransmittance/transmittance at 2° inclined from ver-
tical is from 1.5 to 5.0. The polarizing plate satisfying the
requirements may be effective for glaring prevention and for
image or letter blurring on high-precision LCD panels.

Low-Refractivity Layer:

[0242] The refractive index of the low-refractivity layer for
use in the invention is preferably from 1.20 to 1.49, more
preferably from 1.30 to 1.44. Also preferably, the low-refrac-
tivity layer satisfies the following numerical expression (C)
for refractivity reduction.

(m/AYhx0.T<nyd; <(mA)hx1.3 ©

[0243] Inthe numerical expression (C), m indicates a posi-
tive odd number; n, indicates the refractive index of the low-
refractivity layer; d; indicates the film thickness (nm) of the
low-refractivity layer; & indicates a wavelength falling within
a range of from 500 to 550 nm.

5. Second Retardation Film:

[0244] 5.-1 Examples of Second Retardation Film to be
Used with Retardation Film of First Aspect of the Invention:
[0245] The retardation film of the first aspect of the inven-
tion is preferably used for optical compensation in liquid-
crystal display devices, as combined with a second retarda-
tion film. More preferably, it is combined with a negative
A-plate as the second retardation film, for optical compensa-
tion in VA-mode liquid-crystal display devices.
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[0246] The negative A-plate to be combined with the retar-
dation film of the first aspect of the invention preferably
satisfies the following formulae (3-1) and (4-1):

70 nm=Re(550)=210 nm 3-1)

-0.6=Rih(550)/Re(550)=-0.4; @-1)
more preferably the following formulae (3-1)' and (4-1)":
100 nm=Re(550)=180 nm (3-1y

—0.57=Rih(550)/Re(550)<-0.43; 41+

even more preferably the following formulae (3-1)" and (4-1)

",
120 nm=Re(550)=160 nm G-1"

~0.55=Rh(550)/Re(550)=-0.45, 1)

5.-1-1 Negative A-Plate (Example of Second Retardation
Film):

[0247] The negative A-plate to be combined with the retar-
dation film of the first aspect of the invention is described in
detail hereinunder.

[0248] Thenegative A-plateis a retardation plate having an
in-plane slow axis and having a property of Rth/Re at a
wavelength of 550 nm of about —0.5. In the invention, the
“negative A-plate” is not always required to have Rth/Re of
-0.5, and may include any ones satisfying the above formulae
(3-1) and (4-1).

[0249] The negative A-plate may be a polymer film and, for
example, may be any of cellulose acylate film, norbornene
film, polycarbonate film, polyester and polysulfone film.
[0250] The negative A-film may be produced, for example,
by stretching a single-layered or multi-layered film that con-
tains a material having a negative intrinsic birefringence
value.

[0251] For the negative A-plate, usable is a polymer film
produced according to any film formation method of a melt-
casting film formation method substantially with no solvent
or asolution-casting method with a solvent. In case where the
film is a multi-layered film, it may be produced according to
a melt coextrusion method or a co-casting method. After its
formation, the film may be continuously stretched and shrunk
in the manner as above. For example, in case where a film
produced according to a solution-casting method is
employed, it may be stretched and shrunk during the drying
step of the solution-casting method, or may be stretched and
shrunk in place of wet stretching. The film formed according
to a melt extrusion method or the film formed and dried
according to a solution-casting method may be continuously
stretched and shrunk. Needless-to-say, the film may be once
rolled up and then separately stretched and shrunk.

[0252] One example of the negative A-plate is a single-
layered or multi-layered film that contains a material having
a negative intrinsic birefringence value.

[0253] Theintrinsic birefringence value An° of the material
is computed according to the following formula [1]:

AnP=(2/9)(Nd/M) { (1, +2)*/m,.} (a-ay) [1

[0254] In this, 7w indicates the ratio of the circumference of
a circle to its diameter; N indicates an Avogadro constant; d
indicates a density; M indicates a molecular weight; n, indi-
cates a mean refractive index; o, indicates the degree of
polarizability in the molecular chain axis direction of a poly-
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mer; o, indicates the degree of polarizability in the direction
vertical to the molecular chain axis of the polymer.

[0255] As the material having a negative intrinsic birefrin-
gence value, preferred is a polymer material; and the film is
preferably a single-layered or multi-layered film containing,
as the main ingredient (this means at least 50% by mass as the
solid content), a polymer material having a negative intrinsic
birefringence value.

[0256] One example of the polymer having a negative
intrinsic birefringence value is an vinyl aromatic polymer.
The vinyl aromatic polymer includes, for example, polysty-
rene, and copolymers of a vinyl aromatic monomer such as
styrene, o-methylstyrene, o-methylstyrene, p-methylstyrene,
p-chlorostyrene, p-nitrostyrene, p-aminostyrene, p-carboxy-
styrene or p-phenylstyrene, with other monomer such as eth-
ylene, propylene, butadiene, isoprene, (meth)acrylonitrile,
a-chloroacrylonitrile, methyl (meth)acrylate, ethyl (meth)
acrylate, (meth)acrylic acid, maleic anhydride or vinyl
acetate. Ofthose, preferred are polystyrene and copolymer of
styrene and maleic anhydride. Not detracting from the nega-
tive intrinsic birefringence thereof, the polymer may be fur-
ther copolymerized with any other monomer whereby its
physical properties such as glass transition temperature or
photoelasticity may be controlled and any other function may
be imparted thereto.

[0257] Other examples of the polymer having a negative
intrinsic birefringence value include fluorene skeleton-hav-
ing polycarbonates. The fluorene skeleton is aligned verti-
cally to the polymer main chain by stretching or the like
operation, therefore exhibiting a large negative polarizability.
[0258] Examples of the fluorene skeleton-having polycar-
bonate are polymers having a repetitive unit of the following
formula (I):

R! R? RS RS
I
@] X 0—cC
R} R 1Y R®
[0259] In this, R' to R® each independently represent a
group selected from a hydrogen atom, a halogen atom, a
hydrocarbon group having from 1 to 6 carbon atoms and a

hydrocarbon-O— group having from 1 to 6 carbon atoms;
and X represents a group of the following formula (1)-1:

O
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R3® and R*! each independently represent a halogen atom or
an alkyl group having from 1 to 3 carbon atoms; n and m each
independently indicate an integer of from 0 to 4.
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[0260] Preferably, the polymer contains the repetitive unit
of formula (I) in an amount of from 50 to 95 mol % of all the
repetitive units constituting the polymer, more preferably
from 60 to 95 mol %, even more preferably from 70 to 90 mol
%.

[0261] Thefluorene skeleton-having polycarbonates havea
high glass transition point temperature and have excellent
properties in point of the handlability and the blow moldabil-
ity.

[0262] More preferred examples of the polycarbonate are
polymers containing the repetitive unit of the above formula
(1) and a repetitive unit of the following formula (II):

R9 RIO Rl3 Rl4
0O
|
0] Y 0—cC
Rll RIZ RIS RIG
[0263] Informula (), R® to R*° each independently repre-
sent at least one group selected from a hydrogen atom, a
halogen atom and a hydrocarbon group having from 1 to 22

carbon atoms; Y represents a group of the following formu-
lae:
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[0264] Inthis, R* to R'®, R*! and R*? in Y each indepen-
dently represent a hydrogen atom, a halogen atom, ora hydro-
carbon group having from 1 to 22 carbon atoms such as an
alkyl group or an aryl group; R*® and R** each represent a
hydrocarbon group having from 1 to 20 carbon atoms such as
an alkyl group or an aryl group; and Ar' to Ar’ each indepen-
dently represent an aryl group having from 6 to 10 carbon
atoms such as a phenyl group.
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5.-2 Examples of Second Retardation Film for Use with
Retardation Film of Second Aspect of the Invention:

[0265] The retardation film of the second aspect of the
invention is preferably used for optical compensation in VA-
mode liquid-crystal display devices, as combined with a
biaxial film having an Nz value of 0.5 or so.

[0266] The biaxial film having an Nz value of about 0.5 that
1s favorably combined with the retardation film of the second
aspect of the invention is described.

[0267] Thebiaxial film is preferably a retardation film hav-
ing a relation of nx>nz>ny and satisfying the following for-
mulae (3-2) and (4-2):

200 nm=Re(550)=300 mm (3-2)

0.3<Nz<0.7, (4-2)

more preferably a biaxial film satisfying the following for-
mulae (5-2) and (6-2):

240 nm=Re(550) =290 nm (5-2)
0.4=Nz=0.6. (6-2)
[0268] More precisely, in-plane retardation of the biaxial

film is preferably at least 240 nm for enhancing its compen-
sation capability, more preferably at least 260 nm. Also pref-
erably, it is at most 290 nm, more preferably at most 280 nm.
[0269] The Nzvalueis preferably equal to or more than 0.4
for enhancing the compensation capability of the film, and
more preferably equal to or more than 0.45. Also preferably,
it is equal to or less than 0.6, and more preferably equal to or
less than 0.55.

[0270] The biaxial film having the optical properties as
above includes, for example, birefringent films of high-mo-
lecular polymers and aligned films of liquid-crystal poly-
mers.

[0271] Thehigh-molecular polymers include, for example,
polystyrene, polycarbonate, polyolefin such as polypropy-
lene, polyester such as polyethylene terephthalate or polyeth-
vlene naphthalate, alicyclic polyolefin such as polynor-
bornene, polyvinyl alcohol, polyvinyl butyral, polymethyl
vinyl ether, polyhydroxyethyl acrylate, hydroxyethyl cellu-
lose, hydroxypropyl cellulose, methy] cellulose, polyarylate,
polysulfone, polyether sulfone, polyphenylene sulfide,
polyphenylene oxide, polyaryl sulfone, polyvinyl alcohol,
polyamide, polyimide, polyvinyl chloride, cellulose polymer,
and various types of their binary or ternary copolymers, graft
copolymers and blends. The retardation film may be pro-
duced according to a method of biaxially stretching the high-
molecular polymer film in the plane direction; or according to
amethod of monoaxially or biaxially stretching it in the plane
direction and further stretching it in the thickness direction
thereby controlling the refractive index in the thickness direc-
tion. It may also be produced according to a method of adher-
ing a thermoshrinking film to a high-molecular polymer film
and heating it to thereby stretch and/or shrink the polymer
film under the action of the shrinking force of the ther-
moshrinking film for oblique alignment of the polymer film.
[0272] The liquid-crystal polymer includes, for example,
various main-chain-type or branch-type polymers with a lig-
uid crystal alignment-imparting, conjugated linear atomic
group (mesogen) introduced into the main chain or the branch
of the polymer. Specific examples of the main-chain-type
liquid-crystal polymer include, for example, nematic align-
ment polyester-type liquid-crystal polymers, discotic poly-
mers and cholesteric polymers, having a mesogen group
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bonding thereto at the flexibility-imparting spacer segment.
Specific examples of the branch-type liquid-crystal polymer
include, for example, those having a main chain skeleton of
polysiloxane, polyacrylate, polymethacrylate or polyma-
lonate and having, as the side branch, a mesogen segment of
anematic alignment-imparting, para-substituted cyclic com-
pound unit via the spacer segment of a conjugated atomic
group therebetween. The alignment film of such a liquid-
crystal polymer is preferably one prepared by rubbing the
surface of a thin film of polyimide or polyvinyl alcohol
formed on a glass plate; or one prepared by casting a liquid-
crystal polymer solution onto an alignment-treated surface of
a silicon oxide film formed by oblique vapor deposition, and
then heat-treating it to thereby align the liquid-crystal poly-
mer especially for oblique alignment.

[0273] Above all, the biaxial film is especially preferably
any of a cellulose acylate film, a norbornene film, a polycar-
bonate film, a polyester film and a polysulfone film.

[0274] For lamination of the biaxial film and the polarizer
and further with a liquid-crystal panel, they may be merely
disposed in order and may be laminated with an adhesive
layer or the like. The adhesive to form the adhesive layer is not
specifically defined. For example, it may be suitably selected
from those comprising, as the base polymer, a polymer of
acrylic polymer, silicone polymer, polyester, polyurethane,
polyamide, polyether, fluoropolymer or rubber polymer. In
particular, especially preferred are those having excellent
optical transparency and good adhesive properties such as
suitable wettability, coagulability and adhesiveness and hav-
ing excellent weather resistance and heat resistance, such as
acrylic adhesives.

[0275] The biaxial film and other layers such as adhesive
layer may be suitably processed so as to make them have UV
absorbability, for example, with an UV absorbent such as
salicylate compound, benzophenol compound, benzotriazole
compound, cyanoacrylate compound or nickel complex com-
pound.

6. Liquid-Crystal Display Device:

[0276] The invention also relates to a liquid-crystal display
device comprising the retardation film of the invention (retar-
dation film of the first or second aspect) and/or the polarizing
plate of the invention.

[0277] The liquid-crystal display device of the invention
may be any of reflection-type, semitransmission-type or
transmission-type liquid-crystal display devices. The liquid-
crystal display device generally comprises a polarizing plate,
aliquid-crystal cell, and optionally other members of a retar-
dation film, a reflection layer, a light-diffusing layer, a back-
light, a front light, an optical control film, a light guide, a
prismsheet, a color filter, etc. No specific limitation should be
given to the liquid-crystal display device of the invention
except that the device comprises the polarizing plate of the
invention as the indispensable element. In this, the liquid-
crystal cell is not specifically defined, and may be any ordi-
nary liquid-crystal cell, for example, having a liquid-crystal
layer sandwiched between a pair of electrode-having trans-
parent substrates. Not specifically defined, the transparent
substrate that constitutes the liquid-crystal cell may be any
one capable of aligning the liquid-crystal material to consti-
tute the liquid-crystal layer, in a specific alignment direction.
Concretely, it may be any of a transparent substrate having the
property of aligning liquid crystal by itself; or a transparent
substrate not having an aligning capability by itself but coated
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with an alignment film or the like having the property of
aligning liquid crystal. The electrode for the liquid-crystal
cell may be any ordinary one. In general, the electrode may be
provided on the surface of the transparent substrate to be kept
in contact with the liquid-crystal layer. In case where a sub-
strate having an alignment film is used, then the electrode may
be provided between the substrate and the alignment film. Not
specifically defined, the liquid-crystal material to form the
liquid-crystal layer includes various types of ordinary low-
molecular liquid-crystal compounds, high-molecular liquid-
crystal compounds and their mixtures capable of forming
various liquid-crystal cells. Not detracting from the liquid
crystallinity, a dye, a chiral agent, a non-liquid-crystal com-
pound or the like may be added to the layer.

[0278] The liquid-crystal cell may additionally comprise
any other various necessary constitutive elements to consti-
tute various types of liquid-crystal cells mentioned below,
than the above-mentioned electrode substrate and liquid-
crystal layer. The liquid-crystal cell mode includes various
different types of modes such as a TN (twisted nematic)
mode, an STN (super-twisted nematic) mode, an ECB (elec-
trically controlled birefringence) mode, an IPS (in-plane
switching) mode, a VA (vertical alignment) mode, an MVA
(multidomain vertical alignment) mode, a PVA (patterned
vertical alignment) mode, an OCB (optically compensated
birefringence) mode, a HAN (hybrid aligned nematic) mode,
an ASM (axially symmetric aligned microcell) mode, a half-
tone grain scale mode, a multidomain mode, and a display
mode of using a ferroelectric liquid crystal and an antiferro-
electric liquid crystal. The driving system for the liquid-
crystal cell is not also specifically defined. The driving system
may be any of a passive matrix system for STN-LCD or the
like, as well as an active matrix system of using an active
electrode such as TFT (thin film transistor) electrode, TFD
(thin film diode) electrode or the like, or a plasma address
system. Also employable herein is a field sequential system
not using a color filter.

[0279] Not specifically defined, the liquid-crystal cell
mode is preferably a VA mode.

6.-1 Examples of Liquid-Crystal Display Device Having the
Retardation Film of First Aspect:

[0280] Preferred examples of the liquid-crystal display
device having the retardation film of the first aspect of the
invention are described with reference to the drawings. In
FIG. 1 to FIG. 3, the same reference numeral is given to the
same members.

[0281] FIG. 1is a schematic view showing the constitution
ofan embodiment of a VA-mode liquid-crystal display device
having a retardation film of the first aspect of the invention, in
which the device has a negative A-plate mounted thereon
along with the retardation film of'the first aspect of the inven-
tion.

[0282] The liquid-crystal display device of FIG. 1 com-
prises a pair of first polarizing film 3 and second polarizing
film 8 disposed with their absorption axes 9 and 2 kept per-
pendicular to each other, and a liquid-crystal cell 6 disposed
between the pair of polarizing films 3 and 8. The liquid-
crystal cell 6 comprises a pair of substrates, and a liquid-
crystal layer disposed between the pair of substrates, though
not shown in the drawing; and the liquid-crystal molecules in
the liquid-crystal layer are aligned substantially vertically to
the substrate at the time of black level of display, or that is, the
liquid-crystal cell is a vertical alignment mode cell. A protec-
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tive film is disposed on the outer surface of each of the first
and second polarizing films 3 and 8.

[0283] Theliquid-crystal display device of FIG. 1 addition-
ally has a first retardation film (retardation film of the first
aspect of the invention) 11 disposed between the first polar-
izing film 3 and the liquid-crystal cell 6, and a second retar-
dation film 11 disposed between the second polarizing film 8
and the liquid-crystal cell 6. The first and second retardation
films 11 and 12 each function as a protective film for the first
and second polarizing films 3 and 8 on the side of the liquid-
crystal cell.

[0284] InFIG. 1, the in-plane slow axis of the second retar-
dation film 12 is in parallel to the absorption axis of the
second polarizing film 8, and the film 12 has optical proper-
ties that satisfy the above-mentioned formulae (3-1) and
(4-1). In F1G. 1, any of the first and second polarizing films 3
and 8 may be the polarizing film on the backlight side or the
polarizing film on the viewing side; but the first polarizing
film 3 is preferably on the backlight side.

[0285] InFIG. 1, the laminate comprising the first retarda-
tion film 11, the first polarizing film 3 and the protective film
11s the polarizing plate of the invention, and this is preferably
a backlight-side polarizing plate.

[0286] TheVA-mode liquid-crystal cell 6 may be any of (1)
a VA-mode liquid-crystal cell of a narrow sense of the word,
in which rod-like liquid-crystal molecules therein are aligned
substantially vertically in no voltage application thereto but
are aligned substantially horizontally in voltage application
thereto (as described in JP-A 2-176625), or (2) an MVA mode
liquid-crystal cell in which the VA-mode is multidomained
for viewing angle enlargement (as described in SID97, Digest
of Tech. Papers (preprinted) 28 (1997) 845), or (3) an n-ASM
mode liquid-crystal cell in which the rod-like liquid-crystal
molecules therein are aligned substantially vertically in no
voltage application thereto but are aligned for twisted multi-
domain alignment in voltage application thereto (as described
in Preprints 58 to 59 in the Japan Liquid Crystal Symposium
(1998)), or (4) a survival mode liquid-crystal cell (as
announced in LCD International 98).

[0287] FIG. 2 is a schematic view showing the constitution
of another embodiment of a VA-mode liquid-crystal display
device having a negative A plate as mounted thereon along
with the retardation film of the first aspect of the invention.
[0288] Differing from the constitution shown in FIG. 1, a
protective film 7 for the second polarizing plate is inserted
between the second retardation film 12 and the polarizing film
8 in the constitution of FIG. 2.

[0289] In this embodiment, the protective film 7 for the
second polarizing plate is preferably a substantially optically
isotropic film. Preferably, the substantially isotropic film has
an in-plane retardation (Re) of from 0 to 20 nm, more pref-
erably from 0 to 10 nm, most preferably from 0 to 5 nm. Its
thickness-direction retardation (Rth) is preferably from -60
nm to 60 nm, more preferably from -40 nm to 40 nm, even
more preferably from -20 nm to 20 nm. The wavelength
dispersion characteristics of retardation of the film, Re400/
Re700 is preferably less than 1.2.

[0290] Satisfying the above-mentioned optical properties,
the material of the protective film 7 for the polarizing plate is
not specifically defined, but is preferably a cellulose ester film
from the viewpoint of the easiness in working it into polariz-
ing plate.

[0291] In this embodiment, the preferred range of the opti-
cal properties of the first retardation film 11 and the second
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retardation film 12 is the same as in the liquid-crystal display
device having the constitution shown in FIG. 1.

[0292] FIG. 3is a schematic view showing the constitution
of another embodiment of A VA-mode liquid-crystal display
device.

[0293] The liquid-crystal display device of FIG. 3 com-
prises first and second retardation films 11 and 12, laminated
and disposed between the second polarizing film 8 and the
liquid-crystal cell 6.

[0294] InFIG. 3, the first retardation film 11 is the retarda-
tion film of the first aspect of the invention.

[0295] In FIG. 3, the in-plane slow axis 13 of the second
retardation film 12 is in parallel to the absorption axis 9 of the
second polarizing film 8, and has optical properties satisfying
the above formulae (3-1) and (4-1).

[0296] InFIG. 3, anyofthe firstand second polarizing films
3 and 8 may be a polarizing film on the backlight side or a
polarizing film on the viewing side; but preferably, the first
polarizing film 3 is on the backlight side.

[0297] As the embodiment of the VA-mode liquid-crystal
display device with the retardation film of the first aspect of
the invention and a negative A-plate mounted thereon, pre-
ferred is any constitution of FIG. 1 to FIG. 3, but more
preferred is the constitution of FIG. 1.

[0298] FIG. 4 shows one example of the optical compen-
sation mechanism of the VA-mode liquid-crystal display
device of FIG. 1, as traced on a Poincare sphere. FIG. 4 shows
the trace of light on a Poincare sphere, in which the polariza-
tion state I of the light running through the first polarizing film
3 in FIG. 1 passes through the first retardation film (retarda-
tion film of the first aspect of the invention) 11, the liquid-
crystal cell 6 and the second retardation film 12, and reaches
the extinction point II in the oblique direction (45°). Since the
retardation film of the first aspect of the invention is used as
the first retardation film 11, the wavelength dependence of the
birefringence of the liquid-crystal cell 6 is cancelled as the
light entering the device passes through the first retardation
film 11, and thereafter the polarization state of every light of
R, G and B can be near the extinction point Il by the action of
the second retardation film 12. As a result, the device is free
from light leakage in oblique directions and may have little
color shift.

6.-2 Examples of Liquid-Crystal Display Device Having the
Retardation Film of Second Aspect:

[0299] Preferred examples of the liquid-crystal display
device having the retardation film of the second aspect of the
invention are described with reference to the drawings. In
FIG. 5 to FIG. 9, the same reference numeral is given to the
same members.

[0300] FIG.5is aschematic view showing the constitution
of an embodiment of a VA-mode liquid-crystal display
device.

[0301] The liquid-crystal display device of FIG. 5 com-
prises a pair of first polarizing film 3 and second polarizing
film 8 disposed with their absorption axes 9 and 2 kept per-
pendicular to each other, and a liquid-crystal cell 6 disposed
between the pair of polarizing films 3 and 8. The liquid-
crystal cell 6 comprises a pair of substrates, and a liquid-
crystal layer disposed between the pair of substrates, though
not shown in the drawing; and the liquid-crystal molecules in
the liquid-crystal layer are aligned substantially vertically to
the substrate at the time of black level of display, or that is, the
liquid-crystal cell is a vertical alignment mode cell. A protec-
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tive film is disposed on the outer surface of each of the first
and second polarizing films 3 and 8.

[0302] Theliquid-crystal display device of FIG. 5 addition-
ally has a first retardation film (retardation film of the second
aspect of the invention) 21 disposed between the first polar-
izing film 3 and the liquid-crystal cell 6. The first retardation
film 21 functions also as a protective film for the first polar-
izing film 3 on the side of the liquid-crystal cell.

[0303] In the constitution of FIG. 5, thickness-direction
retardation (Rth) of the first retardation film, or that is, the
retardation film of the second aspect of the invention is from
200 to 400 nm, preferably from 230 to 370 nm, more prefer-
ably from 250 to 400 nm, even more preferably from 270 to
330 nm.

[0304] Rth(450)/Rth(550) is from 1.04 to 1.09, more pref-
erably from 1.05 to 1.09, even more preferably from 1.06 to
1.08.

[0305] In this constitution, it is desirable that the wave-
length dispersion characteristics of retardation, Rth(450)/Rth
(550) of the first retardation film is substantially the same as
Rth(450)/Rth(550) of the liquid-crystal cell; and concretely,
the absolute value of the difference between the two is pref-
erably at most 0.03, more preferably at most 0.02, even more
preferably at most 0.01.

[0306] InFIG.S5, any ofthe first and second polarizing films
3 and 8 may be the polarizing film on the backlight side or the
polarizing film on the viewing side; but the first polarizing
film 3 is preferably on the backlight side.

[0307] TheVA-mode liquid-crystal cell 6 may be any of (1)
a VA-mode liquid-crystal cell of a narrow sense of the word,
in which rod-like liquid-crystal molecules therein are aligned
substantially vertically in no voltage application thereto but
are aligned substantially horizontally in voltage application
thereto (as described in JP-A 2-176625), or (2) an MVA mode
liquid-crystal cell in which the VA-mode is multidomained
for viewing angle enlargement (as described in SID97, Digest
of Tech. Papers (preprinted) 28 (1997) 845), or (3) an n-ASM
mode liquid-crystal cell in which the rod-like liquid-crystal
molecules therein are aligned substantially vertically in no
voltage application thereto but are aligned for twisted multi-
domain alignment in voltage application thereto (as described
in Preprints 58 to 59 in the Japan Liquid Crystal Symposium
(1998)), or (4) a survival mode liquid-crystal cell (as
announced in LCD International 98).

[0308] FIG. 6 and FIG. 7 each are a schematic view show-
ing the constitution of an embodiment of a VA-mode liquid-
crystal display device of the invention, having a second retar-
dation film of a biaxial film along with the retardation film of
the first aspect of the invention.

[0309] The constitution of FIG. 6 differs from that of FIG.
7 only in point of the axial disposition of the second retarda-
tion film (direction of the slow axis).

[0310] The liquid-crystal display device of FIG. 6 com-
prises a pair of first polarizing film 3 and second polarizing
film 8 disposed with their absorption axes 9 and 2 kept vertical
to each other, and a liquid-crystal cell 6 disposed between the
pair of polarizing films 3 and 8. The liquid-crystal cell 6
comprises a pair of substrates, and a liquid-crystal layer dis-
posed between the pair of substrates, though not shown in the
drawing; and the liquid-crystal molecules in the liquid-crystal
layer are aligned substantially vertically to the substrate at the
time of black level of display, or that is, the liquid-crystal cell
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is a vertical alignment mode cell. A protective film is disposed
on the outer surface of each of the first and second polarizing
films 3 and 8.

[0311] Theliquid-crystal display device of FIG. 6 addition-
ally has a first retardation film (retardation film of the second
aspect of the invention) 21 disposed between the first polar-
izing film 3 and the liquid-crystal cell 6, and a second retar-
dation film 22 of a biaxial film disposed between the second
polarizing film 8 and the liquid-crystal cell 6. The first and
second retardation films 21 and 22 function also as a protec-
tive film for the first and second polarizing films 3 and 8 onthe
side of the liquid-crystal cell.

[0312] In the constitution of FIG. 6 or FIG. 7, thickness-
direction retardation (Rth) of the first retardation film, or that
is, the retardation film of the second aspect of the invention is
from 200 to 400 nm, preferably from 230 to 370 nm, more
preferably from 250 to 400 nm, even more preferably from
270 to 330 nm.

[0313] Rth(450)/Rth(550) is from 1.04 to 1.09, more pref-
erably from 1.05 to 1.09, even more preferably from 1.06 to
1.09, still more preferably from 1.06 to 1.08.

[0314] InFIG. 6, the in-plane slow axis of the second retar-
dation film 22 is perpendicular to the absorption axis of the
second polarizing film 8, and has optical properties satisfying
the above formulae (3-2) and (4-2). The second retardation
film 22 is a biaxial film, and its in-plane retardation Re(550)
is from 200 to 300 nm, preferably from 240 to 290 nm, more
preferably from 260 to 280 nm. Its Nz value is about 0.5,
concretely 0.3<Nz<0.7, preferably from 0.4 to 0.6.

[0315] InFIG. 6, any ofthe first and second polarizing films
3 and 8 may be the polarizing film on the backlight side or the
polarizing film on the viewing side; but the first polarizing
film 3 is preferably on the backlight side.

[0316] InFIG. 6, the laminate comprising the first retarda-
tion film 21, the first polarizing film 3 and the protective film
1is the polarizing plate of the invention, and this is preferably
a backlight-side polarizing plate.

[0317] FIG. 8 and FIG. 9 each are a schematic view show-
ing the constitution of other embodiments of a VA-mode
liquid-crystal display device of the invention, having a second
retardation film of a biaxial film along with the retardation
film of the second aspect of the invention. The constitution of
FIG. 8 differs from that of FIG. 6 in that a second polarizer
protective film (on the cell side) is inserted between the sec-
ond retardation film and the second polarizing film in the
former. Similarly, the constitution of FIG. 9 differs from that
of FIG. 7 in that a second polarizer protective film (on the cell
side) is inserted between the second retardation film and the
second polarizing film in the former. The constitutions of
FIG. 8 and FIG. 9 differ in point of the axial disposition of the
second retardation film (slow axis direction).

[0318] Inthe constitutions of FIG. 8 and FIG. 9, the second
polarizer protective film is preferably a substantially optically
isotropic film.

[0319] In-plane retardation (Re) of the substantially isotro-
pic film is preferably from O to 20 nm, more preferably from
0 to 10 nm, most preferably from 0 to 5 nm. Its thickness-
direction retardation (Rth) is preferably from -60nm to 60
nm, more preferably from -40 nm to 40 nm, even more
preferably from -20 nm to 20 nm. The wavelength dispersion
characteristics of retardation of the film, Re400/Re700 is
preferably less than 1.2.

[0320] Satisfying the above-mentioned optical properties,
the material of the polarizer protective film is not specifically
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defined, but is preferably a cellulose ester film from the view-
point of the easiness in working it into polarizer.

[0321] In the constitutions of FIG. 8 and FIG. 9, the pre-
ferred range of the optical properties of the first retardation
film and the second retardation film is the same as in the
liquid-crystal display device having the constitution shown in
FIG. 6 or FIG. 7.

[0322] Examples of the VA-mode device of the invention
that comprises the second retardation film and the retardation
film of the second aspect of the invention may have any of the
constitutions of FIG. 6 to FIG. 9; however, for more accurate
optical compensation, preferred is the constitution of FIG. 6
or FIG. 8, and more preferred is the constitution of FIG. 6 as
capable of further reducing the thickness of the liquid-crystal
panel.

[0323] FIG. 10 shows one example of the optical compen-
sation mechanism of the VA-mode liquid-crystal display
device having a constitution of F1G. 8, as traced on a Poincare
sphere. FIG. 10 shows the trace of light on a Poincare sphere,
in which the polarization state I of the light running through
the first polarizing film 3 in FIG. 8 passes through the first
retardation film (retardation film of the second aspect of the
invention) 21, the liquid-crystal cell 6 and the second retar-
dation film 22, and reaches the extinction point 1I in the
oblique direction (45°). Since the retardation film of the sec-
ond aspect of the invention is used as the first retardation film
21, the wavelength dependence of the birefringence of the
liquid-crystal cell 6 is cancelled as the light entering the
device passes through the first retardation film 21, and there-
after the polarization state of every light of R, G and B can be
near the extinction point I by the action of the second retar-
dation film 22. As aresult, the device is free from light leakage
in oblique directions and may have little color shift.

EXAMPLES

[0324] Examples of the invention are described below:;
however, the invention should not be limited at all to the
following Examples.

[0325] First described are a retardation film of the first
aspect of the invention and a polarizing plate comprising it;
and then subsequently described are Examples of a VA-mode
liquid-crystal display device with a retardation film of the first
aspect of the invention and a negative A-plate mounted
thereon.

[0326] Next described are a retardation film of the second
aspect of the invention and a polarizing plate comprising it;
and then subsequently described are Examples of a VA-mode
liquid-crystal display device with a retardation film of the
second aspect of the invention and a biaxial film mounted
thereon.

1. Examples of First Aspect of the Invention
Example 1-1
<Formation of Cellulose Acetate Film>
(Formation of Cellulose Acetate Film (CAF1))
[0327] The following ingredients were put into a mixing

tank and stirred under heat and dissolved, thereby preparing a
cellulose acetate solution.
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Inner Layer ~ Outer Layer
Formulation of Cellulose Acetate Solution (mas. pt.) (mas. pt.)
Cellulose acetate having a degree of 100 100
acetylation of 60.9%
Triphenyl phosphate (plasticizer) 7.8 7.8
Biphenyldiphenyl phosphate (plasticizer) 39 39
Methylene chloride (first solvent) 293 314
Methanol (second solvent) 71 76
1-Butanol {third solvent) 1.5 1.6
Silica fine particles (AEROSIL R972, by 0 0.8
Nippon Aerosil)
Retardation enhancer of formula (A) 1.7 0
mentioned below
Formula (A)
[0328] Retardation Enhancer:

CHj;
NH N NH
Y \|(
e

NH

i ~CH;

[0329] Thus obtained, the dope for inner layer and the dope
for outer layer were cast onto a drum cooled at 0° C., using a
three-layer co-casting die. The film having a residual solvent
content of 70% by mass was peeled away from the drum. With
both edges thereof fixed with a pin tenter, this was conveyed
at a draw ratio in the machine direction of 110% and dried at
80° C.; and when the residual solvent content thereof reached
10%, this was dried at 110° C. Next, this was dried at 140° C.
for 30 minutes, thereby producing a cellulose acetate film
(TR1) having a residual solvent content of 0.3% by mass
(outer layer: 3 um, inner layer: 74 pm, outer layer: 3 p). The
optical properties of the produced cellulose acetate film were
determined.

[0330] The width of the obtained cellulose acetate film was
1340 mm, the thickness thereof was 80 pm. Using KOBRA
21ADH, its retardation (Re) at a wavelength of 550 nm was
measured, and was 2 nm. Its retardation (Rth) ata wavelength
of 550 nm was measured, and was 90 nm.

(Preparation of Cellulose Acetate Films (CAF2) to (CAF4))
Cellulose acetate films (CAF2) to (CAF4) were produced in
the same manner as that for the above cellulose acetate film
(CAF1), for which, however, the thickness of the inner layer
was changed as in the following Table.
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CAF1 CAF2 CAF3 CAF4

Thickness of Outer 3um 3 um 3um 3 um
layer

Thickness of Inner 74 um 94 um 134 um 184 yum
layer

Total Thickness 80 um 100 pm 140 um 190 pm
Re(550) (nm) 2 2 2 2
Re(450) (nm) 83 104 145 197
Rth(550) (nm) 90 113 158 214
Rth(450yRth(550) 0.92 0.92 0.92 0.92

<Preparation of Retardation Film (F1-1)>

[0331] A commercial cellulose acetate film (FUIITAC
TDSOUF, by FUJIFILM) was led to pass through a dielectric
heating roll at 60° C. whereby the film surface temperature
was elevated up to 40° C.; and then an alkali solution A having
the formulation mentioned below was applied onto it in an
amount of 14 ml/m?, using a bar coater. Then, this was kept
staying under a steam far-IR heater (by Noritake Company)
heated at 110C for 10 seconds, and thereafter pure water was
applied to it in an amount of 3 ml/m?, also using a bar coater.
In this stage, the film temperature was 40° C. Next, this was
rinsed with water with a fountain coater and dewatered with
an air knife, and this operation was repeated three times; and
then this was kept staying in a driving zone at 70° C. for 2
seconds, and thus dried.

<Formulation of Alkali Solution A>

Potassium hydroxide 4.7 mas. pts.
Water 15.7 mas. pts.
Isopropanol 64.8 mas. pts.
Propylene glycol 14.9 mas. pts.
C16H33,0(CH,CH0),H (surfactant) 1.0 mas. pt.

[0332] An alignment film coating liquid having the formu-
lation mentioned below was continuously applied onto the
saponified surface of the long cellulose acetate film produced
in the above, using a wire bar #14. This was dried with hot air
at 60° C. for 60 seconds and then with hot air at 100° C. for
120 seconds, thereby forming an alignment film thereon.

Formulation of Alignment Film-Coating Liquid

Modified pelyvinyl alcohol mentioned below 10 mas. pts.
Water 371 mas. pts.
Methanol 119 mas. pts.
Glutaraldehyde 0.5 mas. pts.
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Modified Polyvinyl Alcohol:
[0333]

—rCHZ—THWtCHZ—CH-)TtCHZ—CH-)T

OH OCOCH;

[0334]
coating liquid (S1-1) having the formulation mentioned

A discotic liquid-crystal compound-containing

below was prepared, and this was continuously applied onto
the alignment film formed in the above, using a wire bar. The
film traveling speed (feeding speed) was 20 m/min. During
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CH;

OCONHCH,CH,0COC=—=CH,

-continued

Formulation of Discotic Liquid-Crystal Compound-Containing
Coating Liquid (S1-1)

Fluoropolymer A mentioned below 0.4 mas. pts.
continuously heating it from room temperature up to 80° C., ~ Methyl ethyl ketone 212 mas. pts.
the solvent was dried away, and then this was heated in a
drying zone at 120° C. for 90 seconds to thereby align the Discotic Liquid-Crystal Compound (I):
discotic liquid-crystal compound therein. Next, while the film [0336]
temperature was kept at 90° C., this was irradiated with UV
light at 500 mJ/cm?, using a high-pressure mercury lamp, to
fix the alignment of the liquid-crystal compound, thereby
forming an optically anisotropic layer. The process thus gave 2
a retardation film (F1-1).

R
Formulation of Coating Liquid (S1-1): O
R
[0335] O
J
Formulation of Discotic Liquid-Crystal Compound-Containing R
Coating Liquid (S1-1)
R
Discotic liquid-crystal compound (I) 91 mas. pts.
mentioned below
Ethyleneoxide-modified trimethylolpropane triacrylate 9 mas. pts.
(V#360, by Osaka Organic Chemical) R:_O_CO@O_':CHZ)“_O_CO_CH:CHZ
Photopolymerization initiator (Irgacure 907, by 3 mas. pts.
Ciba-Geigy)
Sensitizer (Kayacure DETX, by Nippon Kayaku) 1 mas. pt. Fluor OPOIYmer A

[0337]

—tCH—CHy———tCHy—CH5;—

PO GO g T

0]

[0338] Mw=33000

[0339] Using an automatic birefringence meter (KOBRA-
21ADH, by Oji Scientific Instruments), the optical propetties
of the thus-formed retardation film (F1-1) were determined.
At a wavelength of 550 nm, Re was 2 nm, and Rth was 370
nm.
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<Preparation of Retardation Films (F2-1) and (F3-1)>

[0340] Retardation films (F2-1) and (F3-1) were prepared
in the same manner as that for the retardation film (F1-1), for
which, however, the commercial cellulose acetate film (FUJI-
TAC TD8OUF, by FUIIFILM) used in formation of the retar-
dation film (F1-1) was changed to the cellulose acetate films
(CAF3) and (CAF4), respectively, produced in the above, and
the thickness of the optically-anisotropic layer was changed
in order that the retardation of the films could be as in the
following Table.

[0341] The optical properties of the thus-formed retarda-
tion films (F2-1) and (F3-1) were determined, using an auto-
matic birefringence meter (KOBRA-21ADH, by Oji Scien-
tific Instruments).

<Preparation of Retardation Film (F4-1)>

[0342] In the same manner as that for the formation of the
above-mentioned retardation film (F1-1), an alignment film
was formed on a commercial cellulose acetate film (FUITTAC
TD8OUF, by FUJIFILM).

[0343] A discotic liquid-crystal compound-containing
coating liquid (S2-1) having the formulation mentioned
below was prepared, and this was continuously applied onto
the alignment film formed in the above, using a wire bar. The
film traveling speed was 20 my/min. During continuously
heating it from room temperatureup to 80° C., the solvent was
dried away, and then this was heated in a drying zone at 110°
C. for 90 seconds to thereby align the discotic liquid-crystal
compound therein. Next, while the film temperature was kept
at 70° C., this was irradiated with UV light at 500 mJ/cm?,
using a high-pressure mercury lamp, to fix the alignment of
the liquid-crystal compound, thereby forming an optically
anisotropic layer. The process thus gave a retardation film
(F4-1)

Formulation of Coating Liquid (S2-1):
[0344]

Formulation of Discotic Liquid-Crystal Compound-Containing
Coating Liquid (S2-1)

Discotic liquid-crystal compound D-524 100 mas. pts.
mentioned above

Photopolymerization initiator (Irgacure 907, by 3 mas. pts.
Ciba-Geigy)

Sensitizer (Kayacure DETX, by Nippon Kayaku) 1 mas. pt.
Fluoropolymer A mentioned above 0.4 mas. pts.
Methyl ethyl ketone 212 mas. pts.

[0345] Using an automatic birefringence meter (KOBRA-
21ADH, by Oji Scientific Instruments), the optical properties
of the thus-formed retardation film (F4-1) were determined.
<Formation of Retardation Films (F5-1) and (F6-1)>

[0346] Retardation films (F5-1) and (F6-1) were formed in
the same manner as that for the retardation film (F4-1), for
which, however, the commercial cellulose acetate film (FUJI-
TAC TD8OUF, by FUIIFILM) used in formation of the retar-
dation film (F4-1) was changed to the cellulose acetate films
(CAF3) and (CAF4), respectively, produced in the above, and
the thickness of the optically-anisotropic layer was changed
in order that the retardation of the films could be as in the
following Table.

<Preparation of Retardation Films (F7-1) to (F9-1)>

[0347] A coating liquid (S3-1) was prepared in the same
manner as that for the coating liquid (S2-1) used in formation
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of the above retardation film (F4-1), for which, however,
discotic compound D-521 was used in the place of D-524.

[0348] Retardation films (F7-1) to (F9-1) were prepared in
the same manner as that for the above retardation films (F4-1)
to (F6-1), for which, however, the coating liquid (S3-1) was
used.

<Preparation of Retardation Films (F10-1) to (F12-1)>

[0349] A coating liquid (S4-1) was prepared in the same
manner as that for the coating liquid (S2-1) used in prepara-
tion of the above retardation film (F3-1), for which, however,
discotic compound D-10 was used in the place of D-524.

[0350] Retardation films (F10-1) to (F12-1) were prepared
in the same manner as that for the above retardation films
(F4-1)to (F6-1), for which, however, the coating liquid (S4-1)
was used.

<Preparation of Retardation Film (F13-1)>

[0351] 2.2'-Bis(3,4-dicarboxyphenyl)hexafluoropropanoic
acid dianhydride (by Clariant Japan) (17.77 g, 40 mmol) and
2,2-bis (trifluoromethyl)-4,4'-diaminobiphenyl (by
Wakayama Seika Kogyo) (12.81 g, 40 mmol) were putinto a
reactor (500 mL) equipped with a mechanical stirrer, a Dean-
Stark apparatus, a nitrogen-introducing duct, a thermometer
and a condenser tube. Next, a solution prepared by dissolving
isoquinoline (2.58 g, 20 mmol) in m-cresol (275.21 g) was
added to it, and stirred at 23° C. for 1 hour (600 rpm) to
prepare a uniform solution. Next, the reactor was heated with
an oil bath in order that the temperature inside the reactor
could reach 180+3° C.; and with keeping the temperature as
such, this was stirred for 5 hours to give a yellow solution.
This was further stirred for 3 hours, then the heating and the
stirring was stopped, and this was left cooled to room tem-
perature to give a gel-like polymer.

[0352] Acetone was added to the yellow solution in the
reactor to completely dissolve the gel, thereby preparing a
diluted solution (7% by mass) . The diluted solution was
added to isopropyl alcohol (2 L) little by little with stirring,
and a white powder was thus precipitated. The powder was
collected by filtration, put into 1.5 L of isopropyl alcohol and
washed therein. The same operation was repeated once more
for washing, and the powder was again collected by filtration.
This was dried in an air-circulating thermostat oven at 60° C.
for 48 hours, and then heated at 150° C. for 7 hours to give a
polyimide powder (yield, 85%). The weight-average molecu-
lar weight (Mw) of the polyimide was 124,000, and the
degree of imidation was 99.9%.

[0353] The polyimide powder was dissolved in methyl
isobutyl ketone to prepare a 15 mas. % polyimide solution
(coating liquid S5-1). The polyimide solution was applied
onto the surface of a triacetyl cellulose-containing polymer
film (FUJIFILM’s trade name, ZRF80S; Re(550)=0.5 nm,
Rth(550)=1.0 nm) in one direction thereon, using arod coater.
Next, this was dried in an air-circulating thermostat oven at
135x1° C. for 5 minutes and then in an air-circulating ther-
mostat oven at 150=1° C. for 10 minutes to evaporate the
solvent, thereby producing a retardation film (F13-1) having
a polyimide layer (thickness, 9.3 nm). Its properties are
shown in the following Table.

[0354] Theoptical properties of the retardation films (F1-1)
to (F13-1) produced in the above were shown in the following
Table.
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[0355] Of the retardation films (F1-1) to (F13-1), (F2-1) to
(F12-1) are examples of the retardation film of the first aspect
of the invention, and (F1-1) and (F13-1) are comparative
examples.

[0356] In the following Table, the unevenness of the retar-
dation films was determined according to the method men-
tioned below.

(Determination of Unevenness)

[0357] On the schaukasten set in a dark room, two polariz-
ing plates were put in such a manner that their absorption axes
were perpendicular to each other, and the retardation film
produced in the above was put between the two polarizing
plates. At the site separated by 1 m from this in the direction
of 60 degrees from the normal direction, this was observed
and checked for its unevenness according to the following
criteria:
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(Preparation of Polarizing plate (P1-1))

[0362] The retardation film (F1-1) was saponified. A
stretched polyvinyl alcohol was made to adsorb iodine to
prepare a polarizing film. Using a polyvinyl alcohol adhesive,
the saponified retardation film (F1-1) was stuck to one surface
of the polarizing film in a roll-to-roll process.

[0363] On the other hand, a commercial cellulose triacetate
film (FUJITAC TD8OUF, by FUIIFILM) was saponified.
Usinga polyvinyl alcohol adhesive, this was stuck to the other
surface of the above polarizing film in a roll-to-roll process.
This was dried at 70° C. for at least 10 minutes, thereby
producing a polarizing plate (P1-1).

(Preparation of Polarizing Plates (P2-1) to (P13-1))

[0364] Polarizing plates (P2-1)to (P13-1) were produced in
the same manner as that for the polarizing plate (P1-1), for

which, however, the retardation films (F2-1) to (F13-1) were
used respectively in the place of the retardation film (F1-1).

[0358] OO: No unevenness seen. (Preparation of Retardation Film F111 (Negative A-Plate
[0359] O: Slight unevenness seen. (A1)
[0360] A: Some unevenness seen. [0365] An unstretched laminate film 101 was produced
[0361] x: Much unevenness seen in the entire surface. through co-extrusion, comprising a layer [ 1] of'a norbornene
Optical Support Optically Anisotropic Layer
Compensation Thickness Coating Thickness Re(550) Rth(550) Rth(450)/
Film Type () Liquid (um) (nm) (nm) Rth(550)
Fl-1 Comparative TDSOUF 80 S1-1 4.3 0 326 1.160
Example
F2-1 Example  CAF3 140 S1-1 2.8 0 212 1.160
F3-1 Example  CAF4 190 S1-1 2.1 0 156 1.160
F4-1 Example  TDSOUF 80 s2-1 3.0 0 326 1.100
F5-1 Example  CAFl 80 $2-1 2.6 0 280 1.100
F6-1 Example  CAF3 140 $2-1 19 0 212 1.100
F7-1 Example  TDSOUF 80 $3-1 3.0 0 326 1.100
F8-1 Example  CAFl 80 $3-1 2.6 0 280 1.100
F9-1 Example  CAF3 140 $3-1 19 0 212 1.100
F10-1 Example  TDSOUF 80 $4-1 3.0 0 326 1.100
Fl1-1 Example  CAFl 80 $4-1 2.6 0 280 1.100
F12-1 Example  CAF3 140 $4-1 19 0 212 1.100
F13-1 Comparative ZRF80S 80 $5-1 9.3 0 370 1.065
Example
polymer (Nippon Zeon’s Zeonoa 1020, glass transition tem-
perature 105° C.), a layer [2] of a styrene-maleic anhydride
. — copolymer (Nova Chemical Japan’s Dylark D332; glass tran-
Optical Compensation Film sition temperature 130° C., oligomer content 3% by mass)
Optical Compensation ~ Re(550) REh(S50) Rth(450y and a layer [3] of a modified ethylene-vinyl acetate copoly-
Film (nm) (nm)  Rth(550) Unevenness mer {Mitsubishi Chemical’s Modic AP A543; Vicat softening
‘ point 80° C.) and having a constitution of layer [1] (15 pm)/
F1-1 Comparative 2 370 1.123 A , y
Example layer [3] (5 um)/layer [2] (100 um)/layer [3] (5 um)/layer [1]
F2-1  Example 2 370 1058 0 (15 pm).
F3-1  Example 2 370 1.021 O [0366] Next, the long unstretched laminate film 101 pro-
- bl ¥ . . oy .
ig i gﬁgi: - i ;8 1'8&2 OOO duced in the above was fed into a stretcher (Ichikin Industry’s
F6-1  Fxample 3 370 1023 00 trade name EITZ). The st.retcl.ler has.the function of stretching
F7-1  Example 2 370 1.070 0 along film in the cross direction, using a tenter, and the tenter
F8-1  Example 2 370 1.056 0O is so designed that the distance between the tenter clips in the
F9-1  Example 2 370 1.023 o0 machine direction is narrowed while the film is held and
FLO-T - Example 3 370 1070 OOO conveyed. In the stretcher, the film was set at a temperature of
FII-1 Example - 370 1,036 140° C. and, after 30 seconds, this was led to pass through a
F12-1  Example 2 370 1.023 00 . . .
Fi3-1  Comparative 1 370 1065 x heating zone, and thereafter its stretching was started. In the

Example

machine direction, the film was relaxed and shrunk by 0.82
times (degree of shrinkage, 18%); and by the tenter clips, the
film was stretched in the cross direction by 1.50 times (degree
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of stretching, 50%). After thus stretched, a retardation film
F111 having a thickness of 114 pm was produced.

[0367] Re and Rth at a wavelength of 550 nm of the thus-
produced retardation film F111 were determined according to
the above-mentioned method using KOBRA 21ADH (by Oji
Scientific Instruments). In-plane retardation Re(550) was 150
nm, and thickness-direction retardation Rth(550) was -75
nm. The in-plane slow axis was in parallel to the machine
direction, and its fluctuation was +0.05°. The residual volatile
content was at most 0.01% by mass. Accordingly, the retar-
dation film F111 is a negative A-plate having an in-plane slow
axis parallel to the machine direction.

<<Production of Polarizing Plate>>

[0368] A stretched polyvinyl alcohol film was made to
adsorb iodine to produce a polarizing film. Using an adhesive,
the retardation film F111 was stuck to one surface of the
polarizing film in a roll-to-roll process.

[0369] On the other hand, a commercial cellulose triacetate
film (FUJITAC TD80OUF, by FUIIFILM) was saponified.
Usinga polyvinyl alcohol adhesive, this was stuck to the other
surface of the above polarizing film in a roll-to-roll process.
This was dried at 70° C. for at least 10 minutes, thereby
producing a polarizing plate (P20-1).

[0370] Inthis, the absorption axis of the polarizing film was
in parallel to the slow axis of the retardation film F111.
(Preparation of Retardation Film F113 (negative A-plate
(A2)))

[0371] As a material having a negative intrinsic birefrin-
gence, used was a fluorene skeleton-having copolycarbonate.
[0372] The polycarbonate was produced according to
known interfacial polycondensation with phosgene. An aque-
ous sodium hydroxide solution and ion-exchanged water
were putinto a reactor equipped with a stirrer, a thermometer
and a reflux condenser; and monomers [A] and [B] each
having the structure mentioned below were dissolved in this,
in a molar ratio of 86/14, and a small amount of hydrosulfite
was added thereto. Next, methylene chloride was added to it,
and phosgene was jetted into it at 20° C., taking about 60
minutes. Further, p-tert-butylphenol was added for emulsifi-
cation, then triethylamine was added, and this was stirred at
30° C. for about 3 hours to stop the reaction. After the reac-
tion, the organic layer was separated and collected, and meth-
ylene chloride was evaporated away, thereby producing a
polycarbonate copolymer. The composition ratio of the thus-
obtained copolymer was nearly the same as that of the starting
materials used. The glass transition temperature was 235° C.
As measured with an Ubbelohde viscometer at 20° C., the
limiting viscosity of the copolymer in methylene chloride
was 0.8.

CH; CH,

HO OH

o2
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-continued
(B]
CH; CH;
HOAQ—A C|4®70H
b, b,

[0373] Thecopolymer was dissolved in methylene chloride
to prepare a dope having a solid concentration of 18% by
mass. The dope was cast into a film, thereby preparing an
unstretched long film 103 having a thickness of 75 um. The
residual solvent amount in the unstretched film was 0.9% by
mass.

[0374] Thelongunstretched film 103 produced in the above
was fed into a stretcher (Ichikin Industry’s trade name FITZ).
The stretcher has the function of stretching a long film in the
cross direction, using a tenter, and the tenter is so designed
that the distance between the tenter clips in the machine
direction is narrowed while the film is held and conveyed. In
the stretcher, the film was set at a temperature of 245° C. and,
after 30 seconds, this was led to pass through a heating zone,
and thereafter its stretching was started. In the machine direc-
tion, the film was relaxed and shrunk by 0.85 times (degree of
shrinkage, 15%); and by the tenter clips, the film was
stretched in the cross direction by 1.45 times (degree of
stretching, 45%). After thus stretched, a retardation film F113
having a thickness of 62 pm was produced.

[0375] Re and Rth at a wavelength of 550 nm of the thus-
produced retardation film F113 were determined according to
the above-mentioned method using KOBRA 21ADH (by Oji
Scientific Instruments). In-plane retardation Re(550) was 136
nm, and thickness-direction retardation Rth(550) was -68
nm. The in-plane slow axis was in parallel to the machine
direction, and its fluctuation was 10.05°. The residual volatile
content was at most 0.01% by mass. Accordingly, the retar-
dation film F113 is a negative A-plate having an in-plane slow
axis parallel to the machine direction (longitudinal direction).

<<Production of Polarizing Plate>>

[0376] A stretched polyvinyl alcohol film was made to
adsorb iodine to produce a polarizing film. Using an adhesive,
the retardation film F113 was stuck to one surface of the
polarizing film in a roll-to-roll process.

[0377] On the other hand, a commercial cellulose triacetate
film (FUJITAC TD8OUF, by FUIIFILM) was saponified.
Using a polyvinyl alcohol adhesive, this was stuck to the other
surface of the above polarizing film in a roll-to-roll process.
This was dried at 70° C. for at least 10 minutes, thereby
producing a polarizing plate (P30-1).

[0378] Inthis, the absorption axis of the polarizing film was
in parallel to the slow axis of the retardation film F113.

[0379] A stretched polyvinyl alcohol film was made to
adsorb iodine to produce a polarizing film. A commercial
cellulose triacetate film (FUJITAC TD8OUF, by FUJIFILM)
was saponified. Using a polyvinyl alcohol adhesive, this was
stuck to both surfaces of the above polarizing film in a roll-
to-roll process. This was dried at 70° C. for at least 10 min-
utes, thereby producing a comparative polarizing plate (P10-

1.
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(Production of Liquid-Crystal Display Device)
<<Production of Vertical Alignment Liquid-Crystal Cell>>

[0380] 1% by mass of octadecyldimethylammonium chlo-
ride (coupling agent) was added to an aqueous 3 mas. %
polyvinyl alcohol solution. This was applied onto an ITO
electrode-having glass substrate in a mode of spin coating,
then heated at 160° C., and rubbed to form a vertical align-
ment film. The rubbing direction was in the opposite direc-
tions in two glass substrates. The two glass substrates were
combined to face each other via a cell gap (d) of about 5.0 um.
A liquid-crystal composition comprising main ingredients of
an ester compound and an ethane compound (An: 0.06) was
injected into the cell gap, thereby constructing a vertical
alignment liquid-crystal cell A. The product of An and d was
300 nm.

[0381] To the upper and lower glass substrates of the above
vertical alignment liquid-crystal cell, stuck were the above-
produced polarizing plate (P1-1) and polarizing plate (P20-1)
with an adhesive. This was designed as follows: As the polar-
izing plate on the backlight side, the polarizing plate (P1-1)
was disposed, and as the polarizing plate on the viewing side,
the polarizing plate (P20-1) was disposed. The retardation
film (F1-1) in the polarizing plate (P1-1) was kept in contact
with the glass substrate on the backlight side, and the retar-
dation film F111 in the polarizing plate (P20-1) was in contact
with the glass substrate on the viewing side.

[0382] The absorption axis of the polarizing plate (P1-1)
was kept vertical to the absorption axis of the polarizing plate
(P20-1).

[0383] The liquid-crystal display device (L1-1) has the
constitution as in FIG. 1, in which the first polarizing film 3 is
the polarizing plate on the backlight side, and the first retar-
dation film 11 is the retardation film (F1-1) serving also as the
protective film for the first polarizing film 3. The second
retardation film 12 is the retardation film F111, and this serves
also as the protective film for the second polarizing film 8.
[0384] Aliquid-crystal display device (L0-1) was produced
in the same manner as that for the liquid-crystal display
device (L1-1), in which, however, the polarizing plate on the
backlight side and that on the viewing side were changed to
PO-1.

[0385] Liquid-crystal display devices (I.2-1) to (L7-1)
were produced in the same manner as that for the liquid-
crystal display device (L1-1), in which, however, the polar-
izing plate on the backlight side was changed as in the fol-
lowing Table.

[0386] The liquid-crystal display devices (LO-1) to (L7-1)
thus produced in the manner as above were tested for front
and oblique light leakage and for color shift watched in front
ofthe panel and in oblique directions thereto, according to the
methods mentioned below. The results are shown in Table.
[0387] The liquid-crystal display device (1.7-1) gave too
much unevenness when watched in oblique directions, and
therefore this could not be tested for oblique light leakage and
oblique color shift.

(1) Light Leakage (in the Normal Line Direction):

[0388] On the schaukasten set in a dark room, a liquid-
crystal cell with no polarizing plate stuck thereto was put.
Using a brightness meter (spectral radiation brightness meter,
CS-1000 by Minolta) set at a distance spaced from the sample
by 1 m in the normal line direction, the brightness (1) of the
sample was measured.
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[0389] Next, on the same schaukasten as above, a liquid-
crystal display device with polarizing plates stuck thereto was
set, and the brightness (2) was measured in the same manner
as above. The ratio of the brightness (2) to the brightness (1),
as percentage, is the front light leakage.

(2) Light Leakage (in the Oblique Direction):

[0390] On the schaukasten set in a dark room, a liquid-
crystal cell with no polarizing plate stuck thereto was put.
Using a brightness meter (spectral radiation brightness meter,
CS-1000 by Minolta) set in the lefi-hand direction of 45
degrees based on the rubbing direction of the liquid-crystal
cell and spaced by 1 m from the sample in the direction
rotated by 60 degrees with respect to the normal line direction
of the liquid-crystal cell, the brightness (1) of the sample was
measured.

[0391] Next, on the same schaukasten as above, a liquid-
crystal display device with polarizing plates stuck thereto was
set, and the brightness (2) was measured in the same manner
as above. The ratio of the brightness (2) to the brightness (1),
as percentage, is the oblique light leakage.

(3) Color Shift in the Black State (in the Normal Line Direc-
tion):

[0392] On the schaukasten set in a dark room, a liquid-
crystal cell with polarizing plates stuck thereto was put. At the
site spaced by 1 m from the sample along the normal line
direction, the liquid-crystal cell was checked for color shift
and its intensity according to the following criteria. The color
shift intensity was determined according to the following
standards.

[0393] O: No specific color shift seen.
[0394] OA: Slight specific color shift seen.
[0395] A: A little specific color shift seen.
[0396] x: Specific color shift seen clearly.

(4) Color Shift in the Black State (in the Oblique Direction):

[0397] On the schaukasten set in a dark room, a liquid-
crystal cell with polarizing plates stuck thereto was put. At the
site in the left-hand direction of 45 degrees based on the
rubbing direction of the liquid-crystal cell and spaced by 1 m
from the sample along the direction rotated by 60 degrees
with respect to the normal line direction of the liquid-crystal
cell, the sample was checked for color shift in the black state,
under the same standards as in the above (3).

TABLE 1-1
Comparative Comparative
Example Example Example Example
Display 10-1 L1-1 1.2-1 13-1
Polarizing P10-1 P1-1 P2-1 P3-1
Plate*1
Protective Film TD80UL Retardation  Retardation  Retardation
Film F1-1 Film F2-1 Film F3-1
Re(550) (nm) 2 2 2 2
Rth(550) (nm) 44 370 370 370
Rth(450)/ 0.840 1.123 1.058 1.021
Rth(550)
Polarizing P10-1 P20-1 P20-1 P20-1
Plate*2
Protective Film TD80UL Retardation  Retardation  Retardation
Film F111 FilmF111  FilmF111
Re(550) (nm) 2 150 150 150
Rth(550) (nm) 44 =75 =75 -75
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TABLE 1-1-continued
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[0400] 1In particular, the VA-mode liquid-crystal display
devices with, as mounted thereon, the retardation film of
Examples of the invention (F4-1 to F6-1) that has an opti-
cally-anisotropic layer formed by the use of coating liquid
S2-1 containing a discotic compound D-524 (liquid-crystal
compound of formula (DI)) are especially good, as free from
the problems of display unevenness, oblique light leakage
and oblique color shift, and the thicknesses of their polarizing
plates were thin.

2. Examples of Second aspect of the Invention:
Example 1-2

<Preparation of Retardation Film (F1-2)>

[0401] A commercial cellulose acetate film (thickness: 80
wm; FUJITAC TD8OUF produced by FUJIFILM) was led to
pass through a dielectric heating roll at 60° C. whereby the
film surface temperature was elevated up to 40° C.; and then
an alkali solution A having the formulation mentioned below
was applied onto it in an amount of 14 ml/m>, using a bar
coater. Then, this was kept staying under a steam far-IR heater
(by Noritake Company) heated at 110° C. for 10 seconds, and
thereafter pure water was applied to it in an amount of 3
ml/m?, also using a bar coater. In this stage, the film tempera-
ture was 40° C. Next, this was rinsed with water with a
fountain coater and dewatered with an air knife, and this
operation was repeated three times; and then this was kept
staying in a drying zone at 70° C. for 2 seconds, and thus
dried.

<Formulation of Alkali Solution A>

Potassium hydroxide 4.7 mas. pts.
Water 15.7 mas. pts.
Isopropanol 64.8 mas. pts.
Propylene glycol 14.9 mas. pts.
C,¢H330(CH,CH,0), H (surfactant) 1.0 mas. pt.

Rth(550)/ 22.00 -0.50 -0.50 -0.50
Re(550)
Slow Axis Longitudinal Longitudinal Longitudinal Longitudinal
direction direction direction direction
Light >0.05 0.023 0.018 0.006
Leakage™*3
Light >0.05 0.028 0.022 0.011
Leakage*4
Color Shift*5 O O O O
Color Shift*6 X A OA O
Unevenness*7 00 A O 00
Example Example Example
Display 14-1 L5-1 Lé-1
Polarizing Plate*1 P4-1 Ps-1 P6-1
Protective Film Retardation Retardation Retardation
Film F4-1 Film F5-1 Film Fé6-1
Re(550) (nm) 2 2 2
Rth(550) (nm) 370 370 370
Rth(450)/Rth(550) 1.070 1.056 1.023
Polarizing Plate®2 P20-1 P20-1 P20-1
Protective Film Retardation Retardation Retardation
Film F111 Film F111 Film F111
Re(550) (nm) 150 150 150
Rth(550) (nm) =75 -75 -75
Rth(550)/Re(550) -0.50 -0.50 -0.50
Slow Axis Longitudinal ~ Longitudinal ~ Longitudinal
direction direction direction
Light Leakage*3 0.020 0.018 0.006
Light Leakage*4 0.025 0.022 0.012
Color Shift*s O O O
Color Shift*6 OA OA O
Unevenness™*7 O 00 o0
Comparative
Example Example
Display L7-1 18-1
Polarizing Plate*1 P13-1 P6-1
Protective Film Retardation Retardation
Film F13-1 Film F6-1
Re(550) nm 2 2
Rth(550) nm 370 370
Rth(450)/Rth(550) 1.065 1.023
Polarizing Plate®2 P20-1 P30-1
Protective Film Retardation Retardation
Film F111 Film F113
Re(550) nm 150 136
Rth(550) nm =75 -68
Rth(550)/Re(550) -0.50 -0.50
Slow Axis Longitudinal Longitudinal
direction direction
Light Leakage™*3 0.006 0.006
Light Leakage®4 — 0.011
Color Shift*$ O O
Color Shift*6 — O
Unevenness*7 X 00

*1Polarizing Plate of Backlight side
*2Polarizing Plate of Viewing side
*3Light Leakage in a normal line direction
*4Light Leakage in an oblique direction
*5Color Shift in a normal line direction
*6Color Shift in an oblique direction
*7Unevenness in an oblique direction

[0398] Understood from the results shown in Table 1-1 is as
follows:
[0399] The VA-mode liquid-crystal display devices com-

prising a combination of the retardation film of the first aspect
of the invention and a negative A-plate are free from the
problems of display unevenness, oblique light leakage and
oblique color shift, and they are extremely good.

[0402] An alignment film coating liquid having the formu-
lation mentioned below was continuously applied onto the
saponified surface of the long cellulose acetate film produced
in the above, using a wire bar #14. This was dried with hot air
at 60° C. for 60 seconds and then with hot air at 100° C. for
120 seconds, thereby forming an alignment film thereon.

Formulation of Alignment Film-Coating Liquid

Modified pelyvinyl alcohol mentioned below 10 mas. pts.
Water 371 mas. pts.
Methanol 119 mas. pts.
Glutaraldehyde 0.5 mas. pts.
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Modified Polyvinyl Alcohol:
[0403]

—(—CHZ—THW(-CHZ—CH-)T(-CHZ—CH-)T

OH OCOCH;

[0404] A discotic liquid-crystal compound-containing
coating liquid (S1-2) having the formulation mentioned
below was prepared, and this was continuously applied onto
the alignment film formed in the above, using a wire bar. The
film traveling speed was 20 m/min. During continuously
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CH;,

OCONHCH,CH,0COC=CH,

-continued

Formulation of Discotic Liquid-Crystal Compound-Containing
Coating Liquid (S1-2)

L Fluoropolymer A mentioned below 0.4 mas. pts.
o
hegtmg it from room terpperature up t.o 80 C.., the solvent was Methyl ethyl ketone 212 mas. pts.
dried away, and then this was heated in a drying zone at 120°
C. for 90 seconds to thereby align the discotic liquid-crystal
compound therein. Next, while the film temperature was kept Discotic Liquid-Crystal Compound (I):
at 90° C., this was irradiated with UV light at 500 mJ/cm?, [0400]
using a high-pressure mercury lamp, to fix the alignment of
the liquid-crystal compound, thereby forming an optically
anisotropic layer. The process thus gave a retardation film
(F1-2)
R
R
Formulation of Coating Liquid (S1-2):
R
[0405] O
O R
Formulation of Discotic Liquid-Crystal Compound-Containing
Coating Liquid (S1-2) R
Discotic liquid-crystal compound (I) mentioned below 91 mas. pts.
Ethyleneoxide-modified trimethylolpropane triacrylate 9 mas. pts.
(V#360, by Osaka Organic Chemical) R—0—C0 0—(CHp);—0—CO—CH=CH,
Photopolymerization initiator (Irgacure 907, by 3 mas. pts.
Ciba-Geigy)
Sensitizer (Kayacure DETX, by Nippon Kayaku) 1 mas. pt. Fluoropolymer A:
[0407]
—tCH,—CHy—— CH,—CH7—
/\/C6F13 /\/\/O C—OH
O 0 0 0 |
¢}

[0408] Mw=33000

[0409] Using an automatic birefringence meter (KOBRA-
21ADH, by Oji Scientific Instruments), the optical properties
of the thus-formed retardation film (F1-2) were determined.
At a wavelength of 550 nm, Re was 2 nm, and Rth was 300
nm.
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<Preparation of Retardation Film (F2-2)>
(Preparation of Cellulose Acetate Film (CAF1-2))

[0410] The following ingredients were put into a mixing
tank and stirred under heat and dissolved, thereby preparing a
cellulose acetate solution.

Formulation of Cellulose Acetate Solution Inner Outer
(mas. pt.) Layer Layer
Cellulose acetate having a degree of 100 100
acetylation of 60.9%
Tripheny! phosphate (plasticizer) 7.8 7.8
Biphenyldiphenyl phosphate (plasticizer) 39 3.9
Methylene chloride (first solvent) 293 314
Methanol (secend solvent) 71 76
1-Butanel (third solvent) 1.5 1.6
Silica (particle size, 20 nm) 0 0.8
Retardation enhancer mentioned below 1.4 1.4
Retardation Enhancer:
[0411]
CH;
NH N NH
Y T
CH; NY N
NH
f CH;
[0412] Thus obtained, the dope for inner layer and the dope

for outer layer were cast onto a drum cooled at 0° C., using a
three-layer co-casting die. The film having a residual solvent
content of 70% by mass was peeled away from the drum. With
both edges thereof fixed with a pin tenter, this was conveyed
at a draw ratio in the machine direction of 110% and dried at
80° C.; and when the residual solvent content thereof reached
10%, this was dried at 110° C. Next, this was dried at 140° C.
for 30 minutes, thereby producing a cellulose acetate film
(CAF1-2) having a residual solvent content of 0.3% by mass
(outer layer: 3 um, inner layer: 74 um, outer layer: 3 pm). The
optical properties of the produced cellulose acetate film were
determined.

[0413] The width of the obtained cellulose acetate film
(CAF1-2) was 1340 mm, the thickness thereof was 80 pum.
Using KOBRA 21ADH, its retardation (Re) at a wavelength
of 550 nm was measured, and was 2 nm. Its retardation (Rth)
at a wavelength of 550 nm was measured, and was 80 nm.
[0414] A retardation film (F2-2) was prepare in the same
manner as that for the retardation film (F1-2), for which,
however, the commercial cellulose acetate film (FUIITAC
TDSOUF, by FUJIFILM) used in preparation of the retarda-
tion film (F1-2) was changed to the cellulose acetate film
(CAF1-2) produced in the above, and the thickness of the

29
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optically-anisotropic layer was changed in order that the
retardation of the film could be as in the following Table.
[0415] The optical properties of the thus-formed retarda-
tion film (F2-2) were determined, using an automatic bire-
fringence meter (KOBRA-21ADH, by Oji Scientific Instru-
ments). At a wavelength of 550 nm, its Re was 2 nm and its
Rth was 300 nm.

<Preparation of Retardation Film (F3-2)>

[0416] In the same manner as that for preparation of the
above-mentioned retardation film (F1-2), an alignment film
was prepared on a commercial cellulose acetate film (FUJI-
TAC TD8SOUF, by FUJIFILM).

[0417] A discotic liquid-crystal compound-containing
coating liquid (S2-2) having the formulation mentioned
below was prepared, and this was continuously applied onto
the alignment film formed in the above, using a wire bar. The
film traveling speed was 20 my/min. During continuously
heating it from room temperature up to 80° C., the solvent was
dried away, and then this was heated in a drying zone at 110°
C. for 90 minutes to thereby align the discotic liquid-crystal
compound therein. Next, while the film temperature was kept
at 70° C., this was irradiated with UV light at 500 mJ/em?,
using a high-pressure mercury lamp, to fix the alignment of
the liquid-crystal compound, thereby preparing an optically
anisotropic layer. The process thus gave a retardation film
(F3-2).

Formulation of Coating Liquid (S2-2):
[0418]

Formulation of Discotic Liquid-Crystal Compeund-Containing
Coating Liquid ($2-2)

Discotic liquid-crystal compound D-524 91 mas. pts.
mentioned above

Ethyleneoxide-modified trimethylolpropane triacrylate 9 mas. pts.
(V#360, by Osaka Organic Chemical)

Photopolymerization initiator (Irgacure 907, by 3 mas. pts.
Ciba-Geigy)

Sensitizer (Kayacure DETX, by Nippon Kayaku) 1 mas. pt.
Fluoropolymer A mentioned above 0.4 mas. pts.
Methyl ethyl ketone 212 mas. pts.
[0419] Using an automatic birefringence meter (KOBRA-

21ADH, by Oji Scientific Instruments), the optical properties
of the thus-formed retardation film (F3-2) were determined.
At a wavelength of 550 nm, its Re was 2 nm and its Rth was
300 nm.

<Preparation of Retardation Film (F4-2)>

[0420] A retardation film (F4-2) was formed in the same
manner as that for the retardation film (F3-2), for which,
however, the commercial cellulose acetate film (FUITTAC
TD8OUF, by FUJIFILM) used in formation of the retardation
film (F3-2) was changed to the cellulose acetate film (CAF1-
2) produced in the above, and the thickness of the optically-
anisotropic layer was changed in order that the retardation of
the films could be as in the following table.

<Preparation of Retardation Films (F5-2) to (F6-2)>

[0421] A coating liquid (S3-2) was prepared in the same
manner as that for the coating liquid (S2-2) used in prepara-
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tion of the above retardation film (F3-2), for which, however,
discotic compound D-521 was used in the place of D-524.
[0422] Retardation films (F5-2) and (F6-2) were prepared
in the same manner as that for the above retardation films
(F3-2) and (F4-2), for which, however, the coating liquid
(83-2) was used.

<Preparation of Retardation Films (F7-2) to (F8-2)>

[0423] A coating liquid (S4-2) was prepared in the same
manner as that for the coating liquid (S2-2) used in prepara-
tion of the above retardation film (F3-2), for which, however,
discotic compound D-10 was used in the place of D-524.
[0424] Retardation films (F7-2) and (F8-2) were prepared
in the same manner as that for the above retardation films
(F3-2) and (F4-2), for which, however, the coating liquid
(S4-2) was used.

<Preparation of Retardation Film (F9-2)>

[0425] 2,2'-Bis(3,4-dicarboxyphenyl)hexafluoropropanoic
acid dianhydride (by Clariant Japan) (17.77 g, 40 mmol) and
2,2-bis (trifluoromethyl)-4,4'-diaminobiphenyl (by
Wakayama Seika Kogyo) (12.81 g, 40 mmol) were put into a
reactor (500 mL) equipped with a mechanical stirrer, a Dean-
Stark apparatus, a nitrogen-introducing duct, a thermometer
and a condenser tube. Next, a solution prepared by dissolving
isoquinoline (2.58 g, 20 mmol) in m-cresol (275.21 g) was
added to it, and stirred at 23° C. for 1 hour (600 rpm) to
prepare a uniform solution. Next, the reactor was heated with
an oil bath in order that the temperature inside the reactor
could reach 180+3° C.; and with keeping the temperature as
such, this was stirred for 5 hours to give a yellow solution.
This was further stirred for 3 hours, then the heating and the
stirring was stopped, and this was left cooled to room tem-
perature to give a gel-like polymer.
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lar weight (Mw) of the polyimide was 124,000, and the
degree of imidation was 99.9%.

[0427] The polyimide powder was dissolved in methyl
isobutyl ketone to prepare a 15 mas. % polyimide solution
(coating liquid S5-2). The polyimide solution was applied
onto the surface of a triacetyl cellulose-containing polymer
film (FUITFILM’s trade name, ZRF80S; Re(550)=0.5 nm,
Rth(550)=1.0 nm) in one direction thereon, using arod coater.
Next, this was dried in an air-circulating thermostat oven at
135x1° C. for 5 minutes and then in an air-circulating ther-
mostat oven at 150x1° C. for 10 minutes to evaporate the
solvent, thereby producing a retardation film (F9) having a
polyimide layer (thickness, 7.5 um). Its properties are shown
in the following table.

[0428] The test results of the retardation films (F1-2) to
(F9-2) produced in the above are shown in the following table.

[0429] In the following table, the unevenness of the retar-
dation films was determined according to the method men-
tioned below.

(Determination of Unevenness)

[0430] On the schaukasten set in a dark room, two polariz-
ing plates were put in such a manner that their absorption axes
could be perpendicular to each other, and the retardation film
produced in the above was put between the two polarizing
plates. At the site separated by 1 m from this along the direc-
tion rotated by 60 degrees with respect to the normal line
direction, this was observed and checked for its unevenness
according to the following criteria:

[0431] OO: No unevenness seen.

[0432] O: Slight unevenness seen.

[0433] A: Some unevenness seen.

[0434] x: Much unevenness seen in the entire surface.

Optical Optically Anisotropic Laver Optical Compensation Film
Compensation  Support Coating Thickness Re(550) Rth(550) Rth(450)/ Re(550) Rth(550) Rth(450)/
Film Type Liquid (lum) (nm) (nm) Rth(550)  (nm) (nm) Rth(550) Uneveness

F1-2  Example TD8OUF S1-2 34 0 256 1.160 2 300 1.114 O
F2-2  Example CAF1 S1-2 29 0 229 1.160 2 300 1.096 O
F3-2 Example TDROUF S2-2 24 0 256 1.100 2 300 1.063 00
F4-2  Example CAF1 S2-2 2.0 0 220 1.100 2 300 1.052 00
F5-2  Example TDROUF S3-2 24 0 256 1.100 2 300 1.063 00
F6-2  Example CAF1 S3-2 2.0 0 220 1.100 2 300 1.052 00
F7-2  Example TD8OUF S4-2 24 0 256 1.100 2 300 1.063 00
F82 Example CAF1 S4-2 2.0 0 220 1.100 2 300 1.052 00
F9-2  Comparative ZRF80S S5-2 75 0 300 1.065 1 300 1.063 X

Example

[0426] Acetone was added to the yellow solution in the
reactor to completely dissolve the gel, thereby preparing a
diluted solution (7% by mass). The diluted solution was
added to isopropyl alcohol (2 L) little by little with stirring,
and a white powder was thus precipitated. The powder was
collected by filtration, put into 1.5 L of isopropyl alcohol and
washed therein. The same operation was repeated once more
for washing, and the powder was again collected by filtration.
This was dried in an air-circulating thermostat oven at 60° C.
for 48 hours, and then heated at 150° C. for 7 hours to give a
polyimide powder (yield, 85%). The weight-average molecu-

(Production of Polarizing Plate (P1-2))

[0435] The retardation film (F1-2) was saponified. A
stretched polyvinyl alcohol was made to adsorb iodine to
prepare a polarizing film. Using a polyvinyl alcohol adhesive,
the saponified retardation film (F1-2) was stuck to one surface
of the polarizing film in a roll-to-roll process.

[0436] On the other hand, a commercial cellulose triacetate
film (FUJITAC TDS8OUF, by FUIIFILM) was saponified.
Usinga polyvinyl alcohol adhesive, this was stuck to the other
surface of the above polarizing film in a roll-to-roll process.
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This was dried at 70° C. for at least 10 minutes, thereby
producing a polarizing plate (P1-2).
(Preparation of Polarizing Plates (P2-2) to (P9-2))

[0437] Polarizing plates (P2-2) to (P9-2) were produced in
the same manner as that for the polarizing plate (P1-2), for
which, however, the retardation film (F1-2)used for the polar-
izing plate (P1-2) was changed to the retardation films (F2-2)
to (F9-2).

<Preparation of Cellulose Acetate Film (T0-2)>

(Preparation of Cellulose Acetate Solution)

[0438] The following ingredients were put into a mixing
tank, and stirred and dissolved, thereby preparing a cellulose
acetate solution A.

Formulation of Cellulose Acetate Solution A:

[0439]

Cellulose Acetate having a degree of acetyl
substitution 2.94

Methylene Chloride (first solvent)
Methanol (second solvent)

100.0 mas. pts.

402.0 mas. pts.
60.0 mas. pts.

(Preparation of Mat Agent Solution)

[0440] 20 parts by mass of silica particles having a mean
particle size of 16 nm (AEROSIL R972, by Nippon Aerosil)
and 80 parts by mass of methanol were well stirred and mixed
for 30 minutes to prepare a silica particle dispersion. The
dispersion was put into a disperser along with the following
formulation, and further stirred for 30 minutes or more to
dissolve the ingredients, thereby preparing a mat agent solu-
tion.

Formulation of Mat Agent Solution:

[0441]

Dispersion of Silica Particles having a mean particle 10.0 mas. pts.
size of 16 nm

Methylene Chloride (first solvent) 76.3 mas. pts.
Methanol (second solvent) 3.4 mas. pts.
Cellulose Acetate Solution A 10.3 mas. pts.

(Preparation of Additive Solution)

[0442] The following ingredients were put into a mixing
tank, and stirred under heat and dissolved, thereby preparing
an additive solution.

Formulation of Additive Solution:

[0443]

Optical Anisotropy Reducer mentioned below
Wavelength Dispersion Characteristics-Controlling Agent
mentioned below

49.3 mas. pts.
4.9 mas. pts.
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-continued
Methylene Chloride (first solvent) 58.4 mas. pts.
Methanol (second solvent) 8.7 mas. pts.
Cellulose Acetate Solution A 12.8 mas. pts.

Optical Anisotropy Reducer
[0444]

Wavelength Dispersion Characteristics-Controlling Agent
[0445]

OCgH)7

(Preparation of Cellulose Acetate Film)

[0446] 94.6 parts by mass of the above cellulose acetate
solution A, 1.3 parts by mass of the mat agent solution, and
4.1 parts by mass of the additive solution were mixed, after
separately filtered, and then cast using a band caster. In the
above compositions, the ratio by mass of the optical anisot-
ropy-reducing compound and the wavelength dispersion
characteristics-controlling agent to the cellulose acetate was
12% and 1.2%, respectively. The film having a residual sol-
vent content of 30% was peeled away from the band, anddrie-
dat 140° C. for 40minutes, therebyproducinga longcellulose
acetate film (T0-2) having a thickness of 80 um. In-plane
retardation (Re) of the obtained film was 1 nm (its slow axis
is in the direction vertical to the machine direction of the
film); and thickness-direction retardation (Rth) thereof was
-1 nm.

(Production of Polarizing plate (P0-2))

[0447] A polarizing plate (P0-2) was produced in the same
manner as that for the polarizing plate (P1-2), for which,
however, the retardation film (F1-2) for the polarizing plate
(P1-2) was changed to the cellulose acetate film (T0-2).
(Production of Polarizing plate (P10-2))

[0448] A polarizing plate (P10-2) was produced in the same
manner as that for the polarizing plate (P1-2), for which,
however, the retardation film (F1-2) for the polarizing plate
(P1-2) was changed to a commercial cellulose acetate film
(FUJITAC TD80UF, by FUJIFILM).
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(Production of Liquid-Crystal Display Device)
<<Formation of Vertical Alignment Liquid-Crystal Cell>>

[0449] 1% by mass of octadecyldimethylammonium chlo-
ride (coupling agent) was added to an aqueous 3 mas. %
polyvinyl alcohol solution. This was applied onto an ITO
electrode-having glass substrate in a mode of spin coating,
then heated at 160° C., and rubbed to form a vertical align-
ment film. The rubbing direction was in the opposite direc-
tions in two glass substrates. The two glass substrates were
combined to face each other via a cell gap (d) of about 5.0 um.
A liquid-crystal composition comprising main ingredients of
an ester compound and an ethane compound (An: 0.06) was
injected into the cell gap, thereby constructing a vertical
alignment liquid-crystal cell A. The product of An and d was
300 nm.

[0450] In the absence of an electric field to the liquid-
crystal cell, the wavelength dispersion characteristics of
thickness-direction retardation Rth, Rth(450)/Rth(550) was
1.07. In this, Rth(450) and Rth(550) each mean thickness-
direction retardation Rth of the liquid-crystal cell at 450 nm
and 550 nm, respectively, in the absence of an electric field to
the cell.

[0451] To the upper and lower glass substrates of the above
vertical alignment liquid-crystal cell, stuck were the above-
produced polarizing plate (P1-2) and polarizing plate (P0-2)
with an adhesive. This was designed as follows: As the polar-
izing plate on the backlight side, the polarizing plate (P1-2)
was disposed, and as the polarizing plate on the viewing side,
the polarizing plate (P0-2) was disposed. The retardation film
(F1-2) in the polarizing plate (P1-2) was kept in contact with
the glass substrate on the backlight side, and the cellulose
acetate film (T0-2) in the polarizing plate (P0-2) was in con-
tact with the glass substrate on the viewing side.

[0452] The absorption axis of the polarizing plate (P1-2)
was kept vertical to the absorption axis of the polarizing plate
(P0-2).

[0453] The liquid-crystal display device (L1-2) has the
constitution as in FIG. 5, in which the first polarizing film 3 is
the polarizing plate on the backlight side, and the first retar-
dation film 21 is the retardation film (F1-2) serving also as the
protective film for the first polarizing film 3.

[0454] Liquid-crystal display devices (L0-2), (L2-2) to
(L5-2) were produced in the same manner as that for the
liquid-crystal display device (IL1-2), in which, however, the
polarizing plate on the backlight side was changed as in the
following Table 1-2.

[0455] The liquid-crystal display devices (L0-2) to (L5-2)
thus produced in the manner as above were tested for light
leakage and for color shift watched in the normal line direc-
tion and in the oblique direction thereto, according to the
methods mentioned below. The results are shown in Table
1-2.

(1) Light Leakage (in the Normal Line Direction):

[0456] On the schaukasten set in a dark room, a liquid-
crystal cell with no polarizing plate stuck thereto was put.
Using a brightness meter (spectral radiation brightness meter,
CS-1000 by Minolta) set at a distance spaced from the sample
by 1 m along the normal direction, the brightness (1) of the
sample was measured.

[0457] Next, on the same schaukasten as above, a liquid-
crystal display device with polarizing plates stuck thereto was
set, and the brightness (2) was measured in the same manner
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as above. The ratio of the brightness (2) to the brightness (1),
as percentage, is the light leakage in the normal line direction.

(2) Light Leakage (in the Oblique Direction):

[0458] On the schaukasten set in a dark room, a liquid-
crystal cell with no polarizing plate stuck thereto was put.
Using a brightness meter (spectral radiation brightness meter,
CS-1000 by Minolta) set in the lefi-hand direction of 45
degrees based on the rubbing direction of the liquid-crystal
cell and spaced by 1 m from the sample along the direction
rotated by 60 degrees with respect to the normal line direction
of the liquid-crystal cell, the brightness (1) of the sample was
measured.

[0459] Next, on the same schaukasten as above, a liquid-
crystal display device with polarizing plates stuck thereto was
set, and the brightness (2) was measured in the same manner
as above. The ratio of the brightness (2) to the brightness (1),
as percentage, is light leakage in the oblique direction.

(3) Color Shift in the Black State (in the Normal Line Direc-
tion)

[0460] On the schaukasten set in a dark room, a liquid-
crystal cell with polarizing plates stuck thereto was put. At the
site spaced by 1 m from the sample in the normal direction,
the liquid-crystal cell was checked for color shift and its
intensity according to the following criteria. The color shift
intensity was determined according to the following stan-
dards.

[0461] O: No specific color shift seen.
[0462] OA: Slight specific color shift seen.
[0463] A: A little specific color shift seen.
[0464] x: Specific color shift seen clearly.

(4) Color Shift in the Black State (in the Oblique Direction):

[0465] On the schaukasten set in a dark room, a liquid-
crystal cell with polarizing plates stuck thereto was put. At the
site in the left-hand direction of 45 degrees based on the
rubbing direction of the liquid-crystal cell and spaced by 1 m
from the sample along the direction rotated by 60 degrees
with respect to the normal line direction of the liquid-crystal
cell, the sample was checked for color shift in the black state,
under the same standards as in the above (3).

(5) Unevenness:

[0466] On the schaukasten set in a dark room, a liquid-
crystal cell with no polarizing plate stuck thereto was put in
such amanner that the electrode-having substrate could be on
the side of the Schaukasten. At the site in the left-hand direc-
tion of 45 degrees based on the rubbing direction of the
liquid-crystal cell and spaced by 1 m from the sample along
the direction rotated by 60 degrees with respect to the normal
line direction of the liquid-crystal cell, the sample was
checked for display unevenness under the standards men-
tioned below.

[0467] OO: No unevenness seen.
[0468] O: Slight unevenness seen.
[0469] A: Unevenness seen partly.
[0470] x: Unevenness seen in the entire surface.
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TABLE 1-2
Comparative Comparative
Example Example Example Example
Display 1.0-2 11-2 122 13-2
Polarizing P10-2 P1-2 P2-2 P3-2
Plate*1
Protective TDROUL Retardation  Retardation  Retardation
Film Film F1-2 Film F2-2 Film F3-2
Re(550) (nm) 2 2 2 2
Rth(550) (nm) 44 300 300 300
Rth(450)/ 0.840 1.114 1.096 1.063
Rth(550)
Polarizing P0o-2 P0-2 P0-2 Po-2
Plate*2
Protective TO-2 TO-2 T0-2 T0-2
Film
Re(550) (nm) 1 1 1 1
Rth(550) (nm) -1 -1 -1 -1
Light >0.05 0.026 0.023 0.019
Leakage™*3
Light >0.05 0.041 0.035 0.029
Leakage*4
Color Shift*s O O O O
Color Shift*6 X A OA OA
Unevenness*7 00 O O 00
Example Example

Display 14-2 152

Polarizing P4-2 P9-2

Plate*1

Protective Retardation Retardation

Film Film F4-2 Film F9-2

Re(550) (nm) 2 1

Rth(530) (nm) 300 300

Rth(450)/ 1.052 1.065

Rth(550)

Polarizing P0-2 p0-2

Plate*2

Protective T0-2 T0-2

Film

Re(550) (nm) 1 1

Rth(530) (nm) -1 -1

Light Leakage*3 0.021 0.019

Light Leakage®4 0.031 —

Color Shift*s O O

Color Shift*s OA —

Unevenness*7 00 X

*1Polarizing Plate of Backlight side
*2Polarizing Plate of Viewing side
*3Light Leakage in a normal line direction
*41ight Leakage in an oblique direction
*5Color Shift in a normal line direction
*6Color Shift in an oblique direction
*7Unevenness in an oblique direction

[0471] Understood from the results in Table 1-2 is as fol-
lows:
[0472] When aretardation film is inserted between a liquid-

crystal cell and a polarizing element as a polarizing plate
protective film in place of an ordinary polarizing plate pro-
tective film of a cellulose acetate film, in such a manner that
thickness-direction retardation Rth of the retardation film
could cancel the retardation of the liquid-crystal cell, then the
device can solve the problems of oblique light leakage and
color shift. The VA-mode liquid-crystal display device com-
prising the retardation film of the invention that satisfies
1.04=R1th(450)/Rth(550)=1.09 is free from display uneven-
ness and is free from the problems of light leakage and color
shift.

[0473] In particular, the VA-mode liquid-crystal display
device comprising, as mounted thereon, a retardation film of
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the invention having an optically-anisotropic layer formed by
the use of the coating liquid S2-2 that contains a discotic
compound D-524 (liquid-crystal compound of formula (DI))
is especially good, as free from display unevenness and is free
from the problems of oblique light leakage and oblique color
shift.

[0474] Next described is a VA-mode liquid-crystal display
device comprising, as mounted thereon, a second retardation
film (biaxial film) and a retardation film of the second aspect
of the invention (retardation film).

(Formation of Retardation Film B for Second Retardation
Film)

[0475] A thermoshrinking film was stuck to both surfaces
of a polycarbonate film via an adhesive layer, then this was
monoaxially stretched by 1.3 times at 152° C. to prepare a
stretched film. Thus produced, the stretched film had an in-
plane retardation (Re) of 270 nm and an Nz value of 0.50.
[0476] A vertical alignment liquid-crystal cell was pro-
duced in the same manner as in the above; and the polarizing
plate (P3-2) produced in the above and the retardation film B
also produced in the above were stuck to the upper and lower
glass substrates of the vertical alignment liquid-crystal cell,
using an adhesive. In this, the polarizing plate (P3-2) was the
polarizing plate on the backlight side, and the retardation film
(F3-2) in the polarizing plate (P3-2) was kept in contact with
the glass substrate on the backlight side. Further, the polariz-
ing plate (P0-2) produced in the above was stuck to the
retardation film B in such a manner that the cellulose acetate
film (T0-2) could be kept in contact with it, thereby producing
a liquid-crystal display device (L8-2).

[0477] The liquid-crystal display device (I.8-2) has the
constitution as in FIG. 8, in which the absorption axis of the
polarizing plate (P0-2) is perpendicular to the in-plane slow
axis of the retardation film B and the absorption axis of the
polarizing plate (P3-2) is perpendicular to the absorption axis
of the polarizing plate (P0-2).

[0478] The liquid-crystal display device (1.8-2) produced
in the above was tested according to the same method as that
for the liquid-crystal display device (IL1-2), and the results are
shown in the following table 2-2.

TABLE 2-2

Example
Display 182
Polarizing Plate*1 P32
Protective Film Retardation Film F3-2
Re(350) (nm) 2
Rth(550) (nm) 300
Rth{450)/Rth(550) 1.063
Polarizing Plate*2 P0-2
Protective Film T0-2
Retardation Film Retardation Film B
Re(350) (nm) 270
Rth(550) (nm) 0
Nz value 0.50
Light Leakage*3 0.005
Light Leakage*4 0.010
Color Shift*s O
Color Shift*6 O

*1Polarizing Plate of Backlight side
*2Polarizing Plate of Viewing side
*3Light Leakage in a normal direction
*41ight Leakage in an oblique direction
*3Color Shift in a normal direction
*6Color Shift in an oblique direction
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[0479] Understood from the results in Table 2-2 is as fol-
lows:
[0480] When the retardation film ofthe second aspect of the

invention (first retardation film) is combined with a biaxial
retardation film having an Nz value of 0.5 (second retardation
film) , then the liquid-crystal display device comprising them
is free from the problems of oblique light leakage and oblique
color shift.
What is claimed is:
1. A retardation film comprising:
a polymer film, and, disposed thereon, an optically-aniso-
tropic layer, of which thickness is equal to or less than 5
um, of which in-plane retardation at a wavelength of 550
nm, Re(550), s from O to 10 nm, and of which thickness-
direction retardation at the same wavelength, Rth(550),
1s from 250 to 450 nm;
and satisfying the following formula (1-1):
1.00==Rek(450)/Rth (550)=1,07 {-1).

2. A retardation film comprising;

apolymer film, and, disposed thereon,

an optically-anisotropic layer, of which thickness is equal
to or less than 5 um, of which in-plane retardation at a
wavelength of 550 nm, Re(550) is from 0 to 10 nm, and
of which thickness-direction retardation at the same
wavelength, Rth(550) is from 200 to 400 nm;

and satisfying the following formula (1-2):

1LOA=RE(450)/Rth(550)=1.09 (1-2).

3. The retardation film of claim 1, wherein in-plane retar-
dation at a wavelength of 550 nm of the optically-anisotropic
layer, Re(550), is from 0 to 10 nm, thickness-direction retat-
dation at the same wavelength thereof, Rth(550), is from 200
to 400 nm, and the optically-anisotropic layer satisfies the
following formula (2):

1.05<Rth{450)/Rth(550)=1.15 ).

4. The retardation film of claim 1, wherein the value, Rth
(550)/d, calculated by dividing thickness-direction retarda-
tion at a wavelength of 550 nm, Rth(550), of the optically-
anisotropic layer by the thickness, d, of the optically-
anisotropic layer is equal to or more than 0.080.

5. The retardation film of claim 1, wherein the optically-
anisotropic layer is formed of a polymerizable composition.

6. The retardation film of claim 5, wherein the polymeriz-
able composition comprises at least one discotic liquid-crys-
tal compound, having polymerizable group(s), and in the
optically-anisotropic layer, the discotic structure unit of the
discotic liquid-crystal compound is aligned horizontally to
the layer face.

7. The retardation film of claim 6, wherein said at least one
discotic liquid-crystal compound is a compound represented
by the following formula (DI):

oy
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where Y*!, Y'? and Y'? each independently represent a
methine group or a nitrogen atom; L', L* and L* each
independently represent a single bond or a bivalent link-
ing group; H', H* and H’ each independently represent
following formula (DI-A) or (DI-B); and R*, R and R?
each independently represent following formula (DI-R)

: (DI-A)
* YA EL]
\( Y
XA—YA?

where, in formula (DI-A),YA" and YA? each independently
represent a methine group or a nitrogen atom; XA rep-
resents an oxygen atom, a sulfur atom, a methylene
group or an imino group; * indicates the position at
which the formula bonds to any of L' to L; and **
indicates the position at which the formula bonds to any
of R' to R?:

Vol (DI-B)
X X
YBZ—XB

where, in formula (DI-B), YB* and YB? each indepen-
dently represent a methine group or a nitrogen atom; XB
represents an oxygen atom, a sulfur atom, a methylene
group or an imino group; * indicates the position at
which the formula bonds to any of L' to L?; and **
indicates the position at which the formula bonds to any
of R' to R?:

(DL-R)
® _t LZI_QZTLZZ_ L23_Ql
1

where, in formula (DI-R), * indicates the position at which
the formula bonds to H', H? or H? in formula (DI); 1.*
represents a single bond or a bivalent linking group; Q*
represents a bivalent linking group having at least one
cyclic structure; nl indicates an integer of from 0 to 4;
L** represents —O—, —0—CO—, —CO—0O—,
—0—-C0-—0— —S—-, —NH-, —SO,—,
—CH,y—, —CH=CH— or —C=C—, provided that,
when the group has ahydrogen atom, the hydrogen atom
may be substituted with a substituent; [.** represents a
bivalent linking group selected from —O—, —S—,
—C(=—0)—  —SO0,—, —NH—, —CH,—,
—CH—CH— and —C=C—, and a group formed by
linking two or more of these, provided that, when the
group has a hydrogen atom, the hydrogen atom may be
substituted with a substituent; and Q" represents a poly-
merizing group or a hydrogen atom.

8. The retardation film of claim 1, wherein the optically-
anisotropic layer comprises at least one fluoroaliphatic
group-containing polymer.
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9. The retardation film of claim 1, wherein thickness-di-
rection retardation at a wavelength of 550 nm of the polymer
film, Rth(550), is equal to or more than 30 nm.

10. The retardation film of claim 1, wherein the polymer
film is a cellulose acylate film.

11. The retardation film of claim 2, wherein in-plane retar-
dation at a wavelength of 550 nm of the optically-anisotropic
layer, Re(550), is from 0 to 10 nm, thickness-direction retar-
dation at the same wavelength thereof, Rth(550), is from 200
to 400 nm, and the optically-anisotropic layer satisfies the
following formula (2):

1.05=Reh(450)/Reh(550)=1.15 Q.

12. The retardation film of claim 2, wherein the value,
Rth(550)/d, calculated by dividing thickness-direction retar-
dation at a wavelength of 550 nm, Rth(550), of the optically-
anisotropic layer by the thickness, d, of the optically-aniso-
tropic layer is equal to or more than 0.080.

13. The retardation film of claim 2, wherein the optically-
anisotropic layer is formed of a polymerizable composition.

14. The retardation film of claim 13, wherein the polymer-
izable composition comprises at least one discotic liquid-
crystal compound. having polymerizable group(s), and in the
optically-anisotropic layer, the discotic structure unit of the
discotic liquid-crystal compound is aligned horizontally to
the layer face.

15. The retardation film of claim 14, wherein said at least
one discotic liquid-crystal compound is a compound repre-
sented by the following formula (DI):

(@D
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where Y*!, Y2 and Y** each independently represent a
methine group or a nitrogen atom; L', L?and L? each
independently represent a single bond or a bivalent link-
ing group; H', H* and H? each independently represent
following formula (DI-A) or (DI-B); and R*, R? and R?
each independently represent following formula (DI-R):

al (DI-A)
\</ 7/
XA—YA?

where, in formula (DI-A), YA' and YA? each independently
represent a methine group or a nitrogen atom; XA rep-
resents an oxygen atom, a sulfur atom, a methylene
group or an imino group; * indicates the position at
which the formula bonds to any of L! to L?; and **
indicates the position at which the formula bonds to any
of R' to R*;
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\ﬂz
YB-—XB

where, in formula (DI-B), YB' and YB? each indepen-
dently represent a methine group or a nitrogen atom; XB
represents an oxygen atom, a sulfur atom, a methylene
group or an imino group; * indicates the position at
which the formula bonds to any of L' to L and **
indicates the position at which the formula bonds to any
of R' to R?;

21.2 227123 0l (DI_R)
Pt QLR

where, in formula (DI-R), * indicates the position at which
the formula bonds to H', H* or H? in formula (DI); L.*
represents a single bond or a bivalent linking group; Q°
represents a bivalent linking group having at least one
cyclic structure; nl indicates an integer of from 0 to 4;
L*? represents —O—, —0—CO—, —CO—O—,
—0—-C0—-0—- —S—, —NH—-, —SO,—,
—CH,—, —CH—CH— or —C=C—, provided that,
when the group has ahydrogen atom, the hydrogen atom
may be substituted with a substituent; [** represents a
bivalent linking group selected from —O—, —S—,
—C(=0)—  —S0,—, —NH—, —CH,—,
—CH—CH— and —C=C—, and a group formed by
linking two or more of these, provided that, when the
group has a hydrogen atom, the hydrogen atom may be
substituted with a substituent; and Q" represents a poly-
merizing group or a hydrogen atom.

16. The retardation film of claim 2, wherein the optically-
anisotropic layer comprises at least one fluoroaliphatic
group-containing polymer.

17. The retardation film of claim 2, wherein thickness-
direction retardation at a wavelength of 550 nm of the poly-
mer film, Rth(550), is equal to or more than 30 nm.

18. The retardation film of claim 2, wherein the polymer
film is a cellulose acylate film.

19. A polarizing plate comprising at least a polarizing film
and a retardation film as set forth in claim 1.

20. A polarizing plate comprising at least a polarizing film
and a retardation film as set forth in claim 2.

21. A liquid-crystal display device comprising a retarda-
tion film as set forth in claim 1 as a first retardation film.

22. A liquid-crystal display device comprising a retarda-
tion film as set forth in claim 2 as a first retardation film.

23. The liquid-crystal display device of claim 21, compris-
ing:

a pair of polarizing films with their absorption axes being

perpendicular to each other,

a pair of substrates disposed between the pair of polarizing

films, and

a liquid crystal layer of liquid-crystal molecules sand-

wiched between the substrates, in which the liquid-crys-
tal molecules are aligned substantially vertically to the
substrates in OFF state with no external electric field
applied thereto.
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24. The liquid-crystal display device of claim 22, compris-
ing:

a pair of polarizing films with their absorption axes being

perpendicular to each other,

apair of substrates disposed between the pair of polarizing

films, and

a liquid crystal layer of liquid-crystal molecules sand-

wiched between the substrates, in which the liquid-crys-
tal molecules are aligned substantially vertically to the
substrates in OFF state with no external electric field
applied thereto.

25. The liquid-crystal display device of claim 23, which
further comprises a second retardation film formed of a poly-
mer stretched film.

26. The liquid-crystal display device of claim 24, which
further comprises a second retardation film formed of a poly-
mer stretched film.

27. The liquid-crystal display device of claim 25, wherein
in-plane retardation at a wavelength of 550 nm of the second
retardation film, Re (550), and thickness-direction retardation
at the same wavelength thereof, Rth(550), satisfy the follow-
ing formula (3-1) and (4-1):

70 nm=Re(550)=210 nm (3-1)

-0.6=Rih(550)/Re(550)=-0.4 @-1).

28. The liquid-crystal display device of claim 26, wherein
in-plane retardation at a wavelength of 550 nm of the second
retardation film, Re(550), and the Nz value, Nz=Rth(550)/Re
(550)+0.5, at the same wavelength satisfy the following for-
mula (3-2) and (4-2):

200 nm=Re(550) =300 nm (3-2)

0.3<Nz<0.7 (4-2).
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29. The liquid-crystal display device of claim 26, wherein
in-plane retardation at a wavelength of 550 nm of the second
retardation film, Re(550), and the Nz value, Nz=Rth(550)/Re
(550)+0.5, at the same wavelength satisfy the following for-
mula (5-2) and (6-2):

240 nm=Re(550)=290 nm (5-2)
0.4<Nz<0.6 (6-2).

30. The liquid-crystal display device of claim 26, wherein
the second retardation film satisfies the following formula
(7-2):

0.7=Re(450)/Re(550)=1.1 (7-2).

31. The liquid-crystal display device of claim 25, wherein
the second retardation film is any of a cellulose acylate film,
a norbornene film, a polycarbonate film, a polyester film and
a polysulfone film.

32. The liquid-crystal display device of claim 26, wherein
the second retardation film is any of a cellulose acylate film,
a norbornene film, a polycarbonate film, a polyester film and
a polysulfone film.

33. The liquid-crystal display device of claim 25, wherein
the second retardation film is directly laminated on one of the
pair of polarizing films so that its in-plane slow axis is per-
pendicular to the absorption axis of the polarizing film.

34. The liquid-crystal display device of claim 26, wherein
the second retardation film is directly laminated on one of the
pair of polarizing films so that its in-plane slow axis is per-
pendicular to the absorption axis of the polarizing film.

® %k % ok
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