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(57) ABSTRACT

The present invention provides a liquid crystal display
device of VA mode having decreased leakage of light over
a wide range and giving a clear and almost achromatic black
display by using a retardation film A having smaller retar-
dation with shorter wavelength in combination with a retar-
dation film C having larger retardation with shorter wave-
length. Accordingly, a high-quality liquid crystal display
device having excellent picture quality can be produced by
the present invention.
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LIQUID CRYSTAL DISPLAY ELEMENT, AND USE
OF PHASE DIFFERENCE FILM USED THE SAME
FOR

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device of vertical orientation mode to orient the
major axis of the liquid crystal molecule nearly perpendicu-
lar to the panel face the liquid crystal cell in a state free from
the application of voltage.

BACKGROUND TECHNOLOGY

[0002] Liquid crystal display device is generally com-
posed mainly of a liquid crystal cell having a liquid crystal
layer sandwiched between a pair of substrates, a retardation
film and a pair of polarizing films arranged perpendicular to
each other and placed at both sides of the liquid crystal cell.
Liquid crystal display devices have been used in wide fields
from small-sized instruments such as watch and electronic
calculator to large-sized instruments such as monitor and
television set. Elements of TN (Twisted Nematic) mode to
use a liquid crystal molecule having positive dielectric
anisotropy were the mainstream in such liquid crystal dis-
play devices. In a TN-mode liquid crystal display device, the
orientation direction of the liquid crystal molecule adjacent
to one substrate is twisted by about 90° relative to the
orientation direction of the liquid crystal molecule adjacent
to the other substrate in a state free from the application of
voltage.

[0003] Various developments were performed on the TN-
mode liquid crystal display devices for realizing good black
display and high contrast. It is necessary in the TN mode to
display the black color under the application of voltage, i.c.
orient the major axis of the liquid crystal molecule in the
direction nearly perpendicular to the panel face. However,
since the liquid crystal molecule adjacent to a liquid crystal
panel substrate keeps horizontal orientation in the TN mode
even under the application of voltage, the polarized state of
light varies by the birefringence of the liquid crystal mol-
ecule. Consequently, complete black color cannot be dis-
played even by viewing the panel from perpendicular direc-
tion to make the realization of high contrast difficult.

[0004] On the contrary, in a liquid crystal display device
of vertical orientation mode, so-called VA (vertical aligned)
mode, the major axis of a liquid crystal molecule is oriented
nearly perpendicular to the panel face in a state free from the
application of voltage between a pair of substrates consti-
tuting the liquid crystal panel. In the vertical aligned mode,
the liquid crystal molecule adjacent to the liquid crystal
panel substrate also takes a nearly perpendicular orientation
relative to the panel face and, accordingly, the polarization
state of the light is scarcely varied by the transmission of the
light through a liquid crystal layer. Consequently, a nearly
complete black display superior to TN mode usually
becomes possible to realize high contrast when the cell is
viewed perpendicular to the substrate.

[0005] WVarious techniques have been proposed for
improving the view angle of conventional VA mode display.
For example, the specification of the JP-A 11-95208 (here-
under JP-A means “Japanese Unexamined Patent Publica-
tion) describes a vertical aligned nematic liquid crystal
display device composed of a liquid crystal cell, a pair of
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polarizing films placed above and below the liquid crystal
cell in a state directing the absorbing axes of the films
perpendicular to each other, and a retardation film for the
compensation of view angle composed of one or two retar-
dation films placed between the liquid crystal cell and at
least one of the polarizing films. Concretely disclosed tech-
nique is the use of one retardation film or two laminated
retardation films placed between the liquid crystal cell and
one of the polarizing films (refer to the claim 1 and the
Examples 1 to 4 (sections 0030 to 0034).

[0006] The specification of JP-A 2000-131693 discloses a
VA-mode liquid crystal display device produced by inserting
a specific biaxial retardation film between a substrate and a
polarizing film in a manner to direct the slow axis in the
plane of the retardation film to be nearly parallel or perpen-
dicular to the absorption axis of said polarizing film placed
at the side of the retardation film relative to the liquid crystal
layer. Concretely, a lamination of two specific retardation
films (refer to section 0064, FIG. 54) or two specific
retardation films placed at both sides of a liquid crystal cell
(section 0070, FIG. 60) are described in the specification.

[0007] However, the VA mode liquid crystal display
devices described in these specifications were successful for
the improvement of the view angle characteristics only at a
specific wavelength. In other words, the transmission of the
light of a specific wavelength is decreased by slantly view-
ing the liquid crystal display device displaying black color
resulting in the widening of the view angle. However, a
problem of the coloring of black color owing to the leakage
of light occurs in these cases when the wavelength of the
light is different from the specific wavelength.

[0008] The main object of the invention is to provide a
new liquid crystal display device of VA mode.

[0009] Another object of the invention is to provide a VA
mode liquid crystal display device causing little leakage of
light over the whole visible light range in the case of
displaying black color and enabling the display of nearly
achromatic black color.

[0010] A further object of the invention is to provide a new
method for suppressing the light leakage over the whole
visible light range to enable the display of nearly achromatic
black color by using a retardation film in a VA mode liquid
crystal display device in the case of displaying black color.

[0011] Still further objects and advantages of the invention
will become apparent from the following explanation.

DISCLOSURE OF THE INVENTION

[0012] The inventors of the present invention have found
that the problem of the coloring of black color by the light
leakage is dependent on the wavelength dispersion of the
transmission light and supposed that the above problem is
caused by the use of a retardation film capable of improving
the view angle characteristics only at a specific wavelength
resulting in the leakage of light at different wavelengths.
Based on the above conception, the inventors of the present
invention have paid attention to the wavelength dispersion
characteristics of the retardation in the retardation film, and
the present invention have been accomplished by the finding
that the control of the wavelength dispersion characteristics
is important and that the combined use of a plurality of
specific retardation films is effective.
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[0013] According to the present invention, the objects and
advantages of the present invention are achieved by a liquid
crystal display device composed of a liquid crystal cell
having a pair of substrates and a liquid crystal sandwiched
between the substrates and orienting the major axis of the
liquid crystal molecule nearly perpendicular to the face of
the substrate in a state free from the application of voltage,
a 1st and a 2nd polarizing films placed at both sides of the
liquid crystal cell and having polarizing axes nearly perpen-
dicular to each other and at least two retardation films (A,C)
placed between the liquid crystal cell and the 1st and 2nd
polarizing films, wherein the retardation film A satisfies the
following formula (1) and/or (2)

R(M)R(ky)<1 @
K()/K(2)<1 ©
[0014] in the formulas (1) and (2), R(A,) and R(A,) are

each an in-plane retardation at wavelength of A, and A, and
K(2,) and K(A,) are each a retardation in the direction of the
thickness of the retardation film at wavelength of A, and A,
and A; and A, are wavelengths satisfying the formula 400
nm<A, <h,<700 nm, and the retardation film C satisfies the
following formulas (3) and (4)

n,Zng>n, ©)]
1<K(h)/K() @
[0015] inthe formulas, n_is the maximum refractive index

in the plane of the retardation film, n_ is the refractive index
in the direction perpendicular to the direction of the maxi-
mum refractive index in the plane of the retardation film and
n, is the refractive index in the normal line direction of the
retardation film, and the definitions of K, A, and A, are same
as those described above.

BRIEF EXPLANATION OF DRAWINGS

[0016] FIG. 1 is an example of the constitution of the
liquid crystal display device of the present invention.

[0017] FIG. 2 is an example of the constitution of the
liquid crystal display device of the present invention.

[0018] FIG. 3 is an example of the constitution of the
liquid crystal display device of the present invention.

[0019] FIG. 4 is an example of the constitution of the
liquid crystal display device of the present invention.

[0020] FIG. 5 is an example of the constitution of the
liquid crystal display device of the present invention.

[0021] FIG. 6 is an example of the constitution of the
liquid crystal display device of the present invention.

EXPLANATION OF THE SIGNS
[0022]
[0023]
[0024]
[0025]
[0026]
[0027]

1P: The first polarizing film
A: The retardation film A

L: The VA liquid crystal cell
C: The retardation film C

2P: The second polarizing film

B: Backlight
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0028] The liquid crystal cell of vertical aligned mode (a
VA mode liquid crystal cell) of the present invention has a
structure holding a pair of substrates each having an elec-
trode and placed opposite to each other interposing a definite
distance therebetween provided that at least one of the
substrate with electrode is transparent and holding liquid
crystal molecules between the substrates directing the major
axis of the molecule in a direction nearly perpendicular to
the substrate in a state free from the application of voltage.
The orientation in a nearly perpendicular direction means
that the average value of the angles between the substrate
and the major axis of the liquid crystal molecules at the
displaying pixel is nearly perpendicular, generally 80
degrees or more, more preferably 85 degrees or more and
further preferably 87 degrees or more. The liquid crystal
may be oriented parallel to the substrate at a part other than
the displaying pixel in a state free from the application of
voltage as disclosed in JP-A 2001-235750.

[0029] A phenomenon of the failure in getting uniform
display takes place in a liquid crystal cell of VA mode by the
inclination of liquid crystal molecules in various azimuthal
directions under the application of voltage to randomly form
discontinuous orientation parts, so-called discrenation, sim-
ply by perpendicularly orienting the liquid crystal between
parallel substrates. Various studies have been made on the
discrenation phenomenon. There are reports to control the
inclination angle of the liquid crystal molecule under the
application of voltage by forming protrusions on the sub-
strate as described in SID9SDIGEST, (1998) p.1081 “A
Wide Viewing Angle Polymer Stabilized Homeotropic
Aligned LCD” and Display 99 Late newspapers, (1999) p.31
“A Wide Viewing Angle Back Side Exposure MVA TFT
LCD with Novel Structure and Process” or forming a
window on the pixel electrode as described in JP-A
7-199190. A reverse TN system is also proposed in the Sharp
Technical Journal No.80, 2001.8, p.11 “Development of
ASV-LCD Using Continuous Pinwheel Alignment (CPA)
mode” in which the liquid crystal molecule is fallen under
twisting in the application of voltage by adding a chiral
material to the liquid crystal. As stated above, there are many
orientation states of liquid crystal of a liquid crystal cell of
vertical aligned mode under the application of voltage,
however, the present invention is not restricted by the
orientation state of the liquid crystal under the application of
voltage.

[0030] The retardation along the thickness direction of a
liquid crystal cell at 550 nm wavelength (hereinafter referred
to as K(550)) is usually set to be fallen within the range of
from -400 nm to -200 nm or thereabout for example in a
transmission-type liquid crystal display device. The retar-
dation along the thickness direction is defined by the product
of the distance of the substrates holding the liquid crystal
and the refractive index anisotropy of the liquid crystal
perpendicular to the substrate.

[0031] The liquid crystal display device of the present
invention, for example a transmission-type liquid crystal
display device is usually provided with a backlight at the
side reverse to the viewing side and has the first and second
polarizing films above and below the liquid crystal cell in a
state to cross the transmission axes of the films at an angle
nearly perpendicular to each other.
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[0032] The positional relationship of the retardation film
and the polarizing film is characterized by the disposition of
at least one of the retardation film films A and C between the
liquid crystal cell and the first polarizing film and/or
between the liquid crystal cell and the second polarizing film
Examples of concrete arrangement are shown in the FIGS.
1to 6.

[0033] The retardation film Ais preferably placed adjacent
to the first or the second polarizing film for effectively
compensating the apparent deviation of the axes of the
polarizing films. The retardation film C is preferably placed
adjacent to the liquid crystal cell for effectively compensat-
ing the thickness-direction retardation of the liquid crystal
cell. The term “adjacent to” used in the present invention
means that both components are directly contacting with
each other by pasting for example with an adhesive agent.

[0034] Preferably, the slow axis of the retardation films A
and/or C is placed essentially parallel or perpendicular to the
polarizing axis of the 1st and/or 2nd polarizing films to
suppress the impartment of retardation on the polarized light
entering from the front. A pair of other retardation films
having nearly equal characteristics (for example, a A/4 plate)
may be placed between the liquid crystal cell and the 1st
polarizing film and between the liquid crystal cell and the
2nd polarizing film in 2 manner to direct the slow axis of the
retardation films essentially parallel or perpendicular to each
other.

[0035] Tt is preferable that the retardation films A and C
have in-plane retardations at 550 nm wavelength (hereinaf-
ter referred to as R(550)) of 300 nm or under and K(550)
values of 400 nm or under, however, the optimum values are
dependent upon the average refractive indices (hereinafter
referred to as “n”) of the retardation films A and C and the
combination and arrangement of the retardation films A and
C.

[0036] In the present invention, the in-plane retardation
R(») and the thickness direction retardation K(A) of the
retardation film are expressed by the following formulas
(12) and (13), respectively.

R=(ng-ny)xd 12
K={(ncny)/2-n,}xd (13)
[0037] in the formulas, n,, n, and n, are each a three-

dimensional refractive index of the retardation film corre-
sponding to the refractive indices in the x axis and y axis in
the film plane and the z axis perpendicular to the film,
respectively, and d is the thickness (nm) of the retardation
film. A is wavelength of from 400 to 700 nm.

[0038] Namely, the terms n,, n, and n, are indices showing
the optical anisotropy of a retardation film. Especially in the
case of the retardation film of the present invention,

[0039]

[0040] n,: the refractive index in the direction perpendicu-
lar to the direction of the maximum refractive index in the
film plane.

n,: the maximum refractive index in the film plane,

[0041] n,: the refractive index in the direction of the
normal line of the film.
[0042] The optically anisotropy is defined to be positive

when the refractive index is maximum in the drawing
direction in the case of uniaxial drawing of a polymer film
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or in the drawing direction to get higher increase of the
orientation degree in the case of biaxial drawing, i.e. the
orientation direction of the polymer main chain from the
viewpoint of chemical structure, and is defined to be nega-
tive when the above refractive index in the drawing direction
becomes minimum. The three-dimensional refractive index
is measured in the present invention by a method to assume
the optical anisotropy of the retardation film as an optical
indicatrix and determine the three-dimensional refractive
index by a known formula of optical indicatrix. The three-
dimensional refractive index depends upon the wavelength
of the light source for the measurement and, accordingly, it
is preferable to be defined at the wavelength of the light
source. The retardation films are classified in the present
invention by the optical characteristics and called as follows.

[0043] Retardation film A: n_>n =n,
[0044] Retardation film C: n,Zn>n,.

[0045] At least two retardation films, namely the retarda-
tion film A and the retardation film C are used in combina-
tion in the present invention. The retardation film A has a
retardation essentially decreasing with shorter wavelength
of the light for measurement and, on the contrary, the
retardation of the retardation film C essentially increases
with the shortening of the wavelength the light for measure-
ment.

[0046] The above problems can be solved by the combi-
nation of such two specific kinds of retardation films and the
reason is supposed as follows. The retardation film A mainly
compensates the apparent deviation of the axis of the
polarizing plate and the retardation film C compensates the
retardation in the thickness direction generating between a
pair of polarizing films. It is preferable to apply an equal
angle of retardation (deg) to the polarized light independent
of the wavelength for compensating the apparent deviation
of the axis of the polarizing plate over a wide wavelength
range. In other words, the retardation becomes smaller at the
shorter wavelength when the retardation is expressed by nm.
On the other hand, the retardation film preferably has the
wavelength dispersion of retardation similar to that of the
VA cell in order to compensate the retardation in the
thickness direction generating between a pair of polarizing
films over a wide wavelength range. A TAC film having
optical anisotropy, etc., is practically used as a protecting
layer of a polarizing film in addition to the VA liquid cell
between a pair of polarizing films, however, the thickness
direction retardation of the VA liquid crystal cell is suffi-
ciently large compared the protecting layer. Accordingly, it
is preferable that the retardation film has a wavelength
dispersion of retardation similar to that of the VA cell, i.e. a
retardation increasing with decreasing wavelength, for com-
pensating the thickness direction retardation between a pair
of polarizing films over a wide wavelength range.

[0047] Accordingly, the retardation film A has a wave-
length dispersion characteristics of the retardation satisfying
the following formulas (1) and/or (2) preferably in single
layer.

RODR()<1 (1)
Kk /K (iy)<1 @
[0048] In other words, retardations (R,K) of the film in the

plane and/or thickness direction of the retardation film
become smaller at shorter wavelength. It is necessary for the
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improvement of the view angle characteristics to use the
retardation film A composed essentially of a single layer, i.c.
a single film without laminating a plurality of retardation
films other than the retardation film A for satisfying the
above requirements and the use of a single film is advanta-
geous from the view point of cost and productivity. As to be
mentioned later, the retardation film A may contain a small
amount of a liquid crystal for slightly controlling the above
characteristics.

[0049] In the above formulas, A, and A, are arbitrary
wavelengths satisfying the following formula (14)

400 nm<h, <h,<700 nm (14)
[0050] The retardation film A preferably satisfies the fol-
lowing formulas (1-1) and/or (1-2).

R(450)/R(550)<1 -1

K(450)/K(550)<1 (1-2)

[0051] The compensation over a wide wavelength is made
to be possible by the use of a retardation film A having a
wavelength dispersion characteristics satisfying the follow-
ing formulas (5) and/or (6).

1<R(650)/R(550) ©)
1<K(650)K(550) ©
[0052] The definitions of R and K are same as those

mentioned above.

[0053] The retardation film A preferably further has a
wavelength dispersion characteristics satisfying the follow-
ing formulas (10) and (11)

0.6<R(450)/R(550)<0.97 (10)
1.01<R(650)/[R(550)<1.4 a1
[0054] and the compensation of the apparent deviation of

axis of the polarizing plate can be improved by setting the
retardation ratio to be closer to the ratio of the wavelengths
for measurement.

[0055] The retardation film A preferably satisfies the fol-
lowing formula (7).
10<R(550)<300 a

[0056] The retardation film C to be used in the present
invention satisfies the following formulas (3) and (4) (pref-
erably the formulas (4-1) and/or (4-2)) at the same time.

N Zng>n, 3
1<K (MK (M) 4
K(650)/K(550)<1 @1
1<K(450)/K(550) @2)
[0057] Namely, the retardation film C is usually a biaxially

drawn film having a refractive index n, in the thickness
direction of the film smallest among the refractive indices.
It has larger retardation K in thickness direction at shorter
wavelength.

[0058] The retardation film C preferably satisfies the fol-
lowing formula (8) to effectively compensate the retardation
in thickness direction of the liquid crystal cell.

50<K(550)<400 (3)

[0059] Furthermore, the retardation film C preferably sat-
isfies the following formula (9) to prevent the hindering of
the effect of the film A compensating the deviation of the
axis of the polarizing plate.
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R(550)<30 )

[0060] Especially in the present invention, the use of the
retardation film A satisfying the above formula (7) and the
retardation film C satisfying the above formula (8) is suit-
able for the compensation of the deviation of the axis of the
polarizing plate and the compensation of the retardation in
the thickness direction of the liquid crystal cell.

[0061] When each of the 1st and the 2nd polarizing films
in the liquid crystal display device of the present invention
are composed of a polarizing device having protecting layers
on both sides as mentioned later, the above retardation films
A and C are preferably used to give the sum of the thickness-
direction retardations of one side of the protection layers, the
retardation films A and C and the liquid crystal cell of from
-200 to +200 nm. When other retardation films are used in
addition to the retardation films A and C, the retardation
films A and C are preferably used to get the sum of
thickness-direction retardations including these additional
retardation films of from -200 to +200 nm.

[0062] The retardation film A to be used in the present
invention is e.g. the one described in the specification of WO
00/26705 (corresponding- to the specification of EP
1045261).

[0063] Concretely, an oriented polymer film satisfying the
following conditions (a) or (b) can be used as the retardation
film A.

[0064] (a) An oriented polymer film satisfying the
requirements of (1) composed of a polymer contain-
ing a monomer unit of a polymer having positive
refractive index anisotropy (hereinafter referred to as
the first monomer unit) and a monomer unit of a
polymer having negative refractive index anisotropy
(hereinafter referred to as the second monomer unit),
(2) having the R(450)/R(550) ratio of the polymer
derived from the first monomer unit smaller than the
R(450)/R(550) ratio of the polymer derived from the
second monomer unit and (3) having positive refrac-
tive index anisotropy, and

[0065] (b) an oriented polymer film satisfying the
requirements of (1) composed of a polymer contain-
ing a monomer unit forming a polymer having
positive refractive index anisotropy (hereinafter
referred to as the first monomer unit) and a monomer
unit forming a polymer having negative refractive
index anisotropy (hercinafter referred to as the sec-
ond monomer unit), (2) having the R(450)/R(550)
ratio of the polymer derived from the first monomer
unit larger than the R(450)/R(550) ratio of the poly-
mer derived from the second monomer unit and (3)
having negative refractive index anisotropy.

[0066] Examples of the films satisfying the conditions of
(2) or (b) are those satisfying the following conditions (c) or

(@.

[0067] (c) An oriented polymer film satisfying the
requirements of (1) composed of a polymer blend
composed of a polymer having positive refractive
index anisotropy and a polymer having negative
refractive index anisotropy and/or a copolymer com-
posed of a monomer unit of a polymer having
positive refractive index anisotropy and a monomer
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unit of a polymer having negative refractive index
anisotropy, (2) having the R(450)/R(550) ratio of the
polymer having positive refractive index anisotropy
smaller than the R(450)/R(550) ratio of the polymer
having negative refractive index anisotropy and (3)
having positive refractive index anisotropy, and

[0068] (d) an oriented polymer film satisfying the
requirements of (1) composed of a polymer blend
composed of a polymer having positive refractive
index anisotropy and a polymer having negative
refractive index anisotropy and/or a copolymer com-
posed of a monomer unit of a polymer having
positive refractive index anisotropy and a monomer
unit of a polymer having negative refractive index
anisotropy, (2) having the R(450)/R(550) ratio of the
polymer having positive refractive index anisotropy
larger than the R(450)/R(550) ratio of the polymer
having negative refractive index anisotropy and (3)
having negative refractive index anisotropy.

[0069] The polymer having positive or negative refractive
index anisotropy means a polymer giving an oriented poly-
mer film having positive or negative refractive index anisot-

ropy.

[0070] The concrete materials of the oriented polymer film
are explained below.

[0071] These polymer materials are often heated in mold-
ing and, accordingly, preferable to have excellent heat
resistance according to the use and the glass transition
temperature of the material is preferably 120° C. or above,
more preferably 140° C. or above. When the glass transition
temperature is lower than 120° C., problems such as the
relaxation of orientation may occur according to the use
conditions of the display element.

[0072] The water absorption of the polymer material is
preferably 1% by weight or less. A polymer material having
a water absorption exceeding 1% by weight may have
problems of the change in optical properties or the dimen-
sional change in the practical use as a retardation film. The
water absorption of the polymer material is preferably 0.5%
by weight or less.

[0073] There is no particular restrictions on the polymer
material constituting such oriented polymer film, and the
preferable materials are those having excellent heat-resis-
tance and good optical properties and formable by solution
film-forming method, for example, thermoplastic polymers
such as polyarylates, polyesters, polycarbonates, polyole-
fins, polyethers, polysulfones and polyether sulfones.

[0074] As mentioned above, the thermoplastic polymer to
be used in the above film is more preferably polymer blends
(a mixture of two or more kinds of polymers) composed of
a polymer having a positive refractive index anisotropy and
a polymer having a negative refractive index anisotropy or
a copolymer composed of a monomer unit of a polymer
having a positive refractive index anisotropy and a monomer
unit of a polymer having a negative refractive index anisot-
ropy. The thermoplastic polymer may be a combination of
two or more kinds of polymer blends or copolymers or a
combination of one or more kinds of polymer blends and one
or more kinds of copolymers.

[0075] The polymer blend is preferably a compatible
blend or a blend of polymers having nearly equal refractive
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indices to attain optical transparency. Concrete examples of
the combination of polymer blend are, for example, a
combination of a poly(methyl methacrylate) as a polymer
having negative optical anisotropy with at least one kind of
polymer selected from poly(vinylidene fluoride), poly(eth-
ylene oxide) and poly(vinylidene fluoride-co-triftuoroethyl-
ene) as a polymer having positive optical anisotropy, a
combination of a poly(phenylene oxide) as a polymer having
positive optical anisotropy with at least one kind of polymer
selected from polystyrene, poly(styrene-co-lauroylmaleim-
ide), poly(styrene-co-cyclohexylmaleimide) and poly(sty-
rene-co-phenylmaleimide) as a polymer having negative
optical anisotropy, a combination of a poly(styrene-co-
maleic anhydride) having negative optical anisotropy with a
polycarbonate having positive optical anisotropy, a combi-
nation of a poly(acrylonitrile-co-butadiene) having positive
optical anisotropy with a poly(acrylonitrile-co-styrene) hav-
ing negative optical anisotropy and a combination of a
polycarbonate having positive optical anisotropy with a
polycarbonate having negative optical anisotropy, and the
present invention is not restricted by the above combina-
tions. Especially preferable polymer blend is a blend of a
polycarbonate having positive optical anisotropy with a
polycarbonate having negative optical anisotropy from the
viewpoint of transparency.

[0076] Examples of the copolymer are poly(butadiene-co-
polystyrene), poly(ethylene-co-polystyrene), poly(acryloni-
trile-co-butadiene), poly(acrylonitrile-co-butadiene-co-sty-
rene), polycarbonate copolymers, polyester copolymers,
polyester carbonate copolymers and polyarylate copoly-
mers. Especially preferable copolymers are polycarbonate
copolymers, polyester copolymers, polyester carbonate
copolymers, polyarylate copolymers or the like having fluo-
rene skeleton because a segment having fluorene skeleton
can impart negative optical anisotropy.

[0077] Among the above examples, polycarbonate
copolymers or polymer blends of polycarbonates are espe-
cially preferable owing to excellent transparency, heat-
resistance and productivity. The polycarbonate is preferably
an aromatic polycarbonate containing a structure having a
fluorene skeleton. For example, the polycarbonate contains
the recurring unit expressed by the following formula (A).

GY
Ry Ry Rs Rg
(0]
( )
o) X 0—C
Rj Ry Ry Rg
[0078] Inthe formula (A), R, to R, are each independently
at least one kind of atom or group selected from hydrogen
atom, halogen atoms and hydrocarbon groups having a
carbon number of from 1 to 6. Examples of the hydrocarbon
groups are alkyl groups such as methyl group, ethyl group,
isopropyl group and cyclohexyl group and aryl groups such

as phenyl group. Hydrogen atom and methyl group are
especially preferable among the above atoms and groups.

[0079]
formula.

X is a fluorene group expressed by the following
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(O

[0080] The amount of the recurring unit expressed by the
above formula (A) is preferably 1 to 99 mol %, more
preferably 30 mol % or more based on the total recurring
units.

[0081] The above aromatic polycarbonate is preferably a
copolymer and/or a polymer blend composed of 30 to 90
mol % recurring unit (a) expressed by the above formula (A)
and 70 to 10 mol % recurring unit (b) expressed by the
following formula (B) based on the total recurring units.

®)
Ry Rio Riz Riy
0
jv ||
0 Y 0—C
Rp Rip Ris Rys
[0082] In the above formula (B), Ry to Ry are cach
independently an atom or group selected from hydrogen
atom, halogen atoms and hydrocarbon groups having a
carbon number of from 1 to 22. Examples of the hydrocar-
bon group having a carbon number of from 1 to 22 are alkyl
groups having a carbon number of from 1 to 9 such as
methyl group, ethyl group, isopropyl group and cyclohexyl
group or aryl groups such as phenyl group, biphenyl group

and terphenyl group. Hydrogen atom and methyl group are
especially preferable among the above atoms and groups.

[0083] The group Y in the above formula (B) is expressed
by the following formulas.

f|{17 1|%r2 S C—
—_—C— —Cc—> ,
| |
Arl Al'3
_C_
Tls
o T
H;C
’ CH, Rio
(|3H3 —
—C CH, 6
|@ / ”
/ C—> —_—S— —_—S—
CH3 / ”
H;C 0

| |
O 6}
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-continued
Rap
|
N Ti_ and —Rypy—
Ry

[0084] In the formulas, the groups R, to R g, R,; and R,
are each independently selected from hydrogen atom, halo-
gen atoms and hydrocarbon groups having a carbon number
of from 1 to 22. Examples of the hydrocarbon groups are
same as those cited above. The groups R,, and R, are each
independently selected from hydrocarbon groups having a
carbon number of from 1 to 20 and the examples of the
hydrocarbon groups are same as those cited above. Ar; to
Ar, are cach independently an aryl group having a carbon
number of from 6 to 10, such as phenyl group and naphthyl

group.

[0085] The content of the recurring unit of the formula (A)
is preferably from 35 to 85 mol %, more preferably from 45
to 80 mol % based on the total recurring units.

[0086] The content of the recurring unit of the formula (A)
is dependent upon the required wavelength dispersion char-
acteristics of retardation especially when the groups R, to Ry
in the formula (A) are hydrogen atoms or a part of the groups
are methyl group and the groups R to R4 in the formula (B)
are hydrogen atoms and Y is isopropylene group. The lower
limit of the content is 45 mol %, preferably 50 mol %, more
preferably 55 mol %. The upper limit is 80 mol %, prefer-
ably 75 mol %, more preferably 70 mol %. Especially
preferable range of the content is from 55 to 70 mol %.

[0087] The above copolymer of the aromatic polycarbon-
ate may be a combination of two or more each of the
recurring units of the formula (A) and formula (B) and the
polymer blend may be a combination of two or more each
of the above recurring units.

[0088] The molar ratio can be determined on the bulk
polycarbonate constituting the oriented polymer film irre-
spective of a copolymer or a polymer blend by a nuclear
magnetic resonance (NMR) instrument, etc.

[0089] The copolymers and polymer blends can be pro-
duced by conventional methods. Suitable processes for the
production of polycarbonates are the polycondensation of a
dihydroxy compound with phosgene, the melt polyconden-
sation process, etc. Blending of two or more mutually
compatible polycarbonates by melt mixing, etc., is prefer-
able in the case of producing a polymer blend, however, the
light scattering between the components can be suppressed
to improve the transparency even in a blend of components
which are not completely compatible with each other by
setting the refractive indices of the components to coincide
with each other.

[0090] The intrinsic viscosity of the aromatic polycarbon-
ate is preferably from 0.3 to 2.0 dl/g. When the intrinsic
viscosity is smaller than 0.3, the polymer becomes brittle to
lose the mechanical strength. A polymer having an intrinsic
viscosity exceeding 3.0 has problems of the generation of
die line, etc., in the solution film-forming process and the
difficulty in the purification after the completion of poly-
merization owing to its excessively high solution viscosity.
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[0091] Preferably, the retardation film C of the present
invention also has excellent heat resistance similar to the
retardation film A and the glass transition temperature of the
polymer material constituting the film C is 120° C. or over,
preferably 140° C. or over. When the glass transition tem-
perature is lower than 120° C., problems such as the
relaxation of orientation may occur according to the use
conditions of the display element.

[0092] The water absorption is also preferably 1% by
weight or below.

[0093] There is no particular restrictions on the polymer
material, and the examples of the material are thermoplastic
polymers such as polyarylates, polyesters, polycarbonates,
polyolefins, polyethers, polysulfones and polyether sul-
fones.

[0094] Materials having excellent heat resistance and
transparency, good optical performance and formable by
solution film forming process are preferable among the
above examples. Examples of the preferable materials are
aromatic polycarbonates and polyolefins.

[0095] The retardation film of the present invention is
preferably transparent and preferably has a haze value of 3%
or less and a total light transmittance of 85% or above.

[0096] The retardation film of the present invention may
be incorporated with an ultraviolet absorber such as phe-
nylsalicylic acid, 2-hydroxybenzophenone and triphenyl
phosphate, a bluing agent to vary the color tone, an anti-
oxidant, etc.

[0097] The retardation film of the present invention is
produced by conventional melt-extrusion method, solution
casting method, etc. The solution casting method is more
preferable from the viewpoint of the uniformity of film
thickness, the appearance of the film, etc. Concretely, in the
case of using a polycarbonate as the polymer material, the
polycarbonate is dissolved in an organic solvent such as
methylene chloride or dioxolane and an undrawn film is
produced by solution casting method. The produced
undrawn film is uniaxially or biaxially drawn by a conven-
tional method to obtain a retardation film having a desired
retardation.

[0098] Examples of the drawing method to form a retar-
dation film A are continuous drawing methods such as a
longitudinal uniaxial roll drawing method to draw a film
taking advantage of the speed difference between rolls, a
longitudinal uniaxial tenter drawing method to hold the
lateral edges of a film with pins or clips and drawing the film
taking advantage of the difference of the speed of the
holding parts of the tenter in the flow direction of the film
and a lateral uniaxial tenter drawing method to expand a
tenter in lateral direction, and the longitudinal uniaxial roll
drawing method is preferable among the above methods
from the viewpoint of the uniformity of the film character-
istics, etc.

[0099] Examples of the drawing method for the produc-
tion of a retardation film C are a consecutive biaxial drawing
method to draw the film separately in longitudinal and
lateral directions by the above-mentioned uniaxial drawing
method, a simultaneous biaxial drawing method to laterally
expand a tenter having speed difference in the flow direction
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of the film, a multi-stage drawing method to repeat the above
drawing procedure several times.

[0100] Several examples of continuous drawing methods
for producing a retardation film were shown above, how-
ever, the drawing method of the retardation film of the
present invention is not restricted by the examples. Although
continuous drawing is preferable from the viewpoint of
productivity, the film is not necessarily produced by the
continuous drawing method.

[0101] In the case of drawing the film by a technique
represented by the above drawing methods, the film may be
incorporated with a conventional plasticizers to improve the
drawability. Examples of the plasticizers are phthalic acid
esters such as dimethyl phthalate, diethyl phthalate and
dibutyl phthalate, phosphoric acid esters such as tributyl
phosphate, aliphatic dibasic acid esters, glycerol derivatives
and glycol derivatives. The organic solvent used in the
above-mentioned film-forming process may be present in
the film at the drawing process. The amount of the organic
solvent left in the film is preferably 1 to 20% by weight
based on the solid component of the polymer.

[0102] The above additives such as plasticizers and liquid
crystals can vary the wavelength dispersion of the retarda-
tion of the retardation film and the addition amount of the
additive is preferably 10% by weight or less, more prefer-
ably 3% by weight or less based on the solid component of
the polymer, that is the weight of the polymer material
constituting the retardation film.

[0103] The thickness of the retardation film of the present
invention is preferably from 1 gm to 300 um. The expression
of retardation film used in the present invention includes all
“films” and “sheets”.

[0104] The retardation film C may be a film produced by
fixing a liquid crystalline polymer on a substrate (a drawn or
undrawn film) in oriented state as well as a film produced by
drawing a polymer material. The substrate is preferably the
retardation film A from the viewpoint of the film thickness.

[0105] As mentioned above, the chemical structure of the
polymer constituting the oriented polymer film is important
for decreasing the retardation of a retardation film A at
shorter wavelength. Although the wavelength dispersion of
retardation is mostly determined by the chemical structure,
it is necessary to pay attention to the fact that the dispersion
is also dependent on the film-forming conditions, additives,
drawing conditions, blended state, molecular weight, etc.

[0106] Conventional polarizing films can be used as the
polarizing film of the present invention. Examples of the
polarizing film is a film produced by dispersing iodine or a
dichroic dye, etc., in a polymer (called also as a binder
polymer) such as polyvinyl alcohol and orienting and fixing
at least the iodine, etc., by the drawing, etc., of the film and
a film produced by drawing a main chain type or a side chain
type polyacetylene. A polarizing film produced by using a
polyvinyl alcohol as the binder polymer is usually laminated
with a cellulose acetate film, etc., as a protecting film. The
polarizing film may be used in the form laminated with such
protecting film or by using the retardation film of the present
invention as a substitute for the protecting film without using
the above protecting film.

[0107] The thickness of the polarizing film is usually from
30 to 300 um for a film produced by using the above binder
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polymer. In the case of a film having a dichroic liquid crystal
material oriented and fixed to the film by coating, the
thickness is about 0.01 to 30 um.

[0108] The liquid crystal display device of the present
invention is a combination of a retardation film, a VA-mode
liquid crystal cell containing a liquid crystal panel substrate
and a polarizing film. The retardation film and the polarizing
film are preferably used in a state adjacent to each other,
namely, closely contacting with each other. The close con-
tact of the members can be achieved by using conventional
adhesives.

[0109] A backlight may be placed at the opposite side
(back side) of the liquid crystal cell of the liquid crystal
display device of the present invention. In this case, various
optical films such as a prism sheet or a light-scattering film

may be placed between the liquid crystal display device and
the backlight.

[0110] The present invention can be in a liquid crystal
display, a liquid crystal projector, etc., and is extremely
useful especially as a liquid crystal display device of vertical
aligned mode necessitating a wide view angle.

[0111] Preferable examples of the constitution of the liquid
crystal display device of the present invention provided with
a backlight are shown in the FIG. 1 to FIG. 6, which do not
restrict the constitution of the present invention.

[0112] Preferably, either one of the polarizing films is
placed adjacent to the retardation film as shown in the FIGS.
1to 4

[0113] In these examples, the retardation film A may be
used as a single sheet or as a laminate of a plurality of the
retardation films A. Similarly, the film C may be replaced
with a laminate of a plurality of the films C. In the case of
laminating a plurality of films, the directions of the retar-
dation films having the largest refractive index, that is, the
directions of the optical axes are preferably aligned. Fur-
thermore, the element may be a reflection type or semi-
transmitting reflection type liquid crystal display device
having a reflection plate or a semi-transmitting reflection
plate as the backlight and the polarizing film of the backlight
side.

[0114] The preferable embodiment of the present inven-
tion is described below.

[0115] The preferable embodiment of the present inven-
tion is a liquid crystal display device composed of a liquid
crystal cell holding a VA liquid crystal between a pair of
substrates in a state directing the major axis of the liquid
crystal molecule nearly perpendicular to the substrate face in
the absence of voltage, a 1st and a 2nd polarizing films
placed at both sides of the liquid crystal cell and having
polarizing axes nearly perpendicular to each other and at
least two retardation films (A,C) placed between the liquid
crystal cell and the polarizing films, wherein the retardation
film A satisfies the following formula (10) and/or (11) in the
form of a single sheet

0.6<R{450)/R(550)<0.97 (10)
1.01<R(650)/R(550)<1.4 am,
[0116] the retardation film C satisfies the following for-

mula (3) and formulas (4-1) and/or (4-2)

N Zng>n, 3
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K(650)/K(550)<1 (4-1)
1<K(450)/K(550) (4-2),

[0117] the retardation film A is placed adjacent to the 1st
polarizing film or the 2nd polarizing film, the retardation
film C is placed adjacent to the liquid crystal cell, the slow
axis of the retardation film A is placed parallel or perpen-
dicular to the polarizing axis of the 1st polarizing film, the
retardation film A satisfies the following formula (7)

10<R(550)<300 o,
[0118] the retardation film C satisfies the following for-
mula (8)

50<K(550)<400 ®
[0119] and the formula (9)

R(550)<30 ©
[0120] and the retardation film A contains a polycarbonate

having a fluorene skeleton. The definitions of R, K, n,, n,
and n, in the above formulas are same as those described
above.

[0121] Accordingly, it has been cleared by the present
invention that a liquid crystal display device of VA mode
having decreased leakage of light over the whole visible
light range and giving a clear and almost achromatic black
display can be produced by using the retardation film A in
combination with the retardation film C of the present
invention.

[0122] The present invention provides a method for com-
pensating the view angle of a liquid crystal display device
over the whole visible light range by providing a liquid
crystal cell holding a liquid crystal between a pair of
substrates in a state directing the major axis of the liquid
crystal molecule nearly perpendicular to the substrate face in
the absence of voltage, a 1st and a 2nd polarizing films
placed at both sides of the liquid crystal cell and having
polarizing axes nearly perpendicular to each other and at
least two retardation films (A,C) placed between the liquid
crystal cell and the 1st and 2nd polarizing films, wherein the
polarizing film A satisfies the following formula (1) and/or

&)

RODRO)< o
K YK ()<l @
[0123] and the retardation film C satisfies the following
formulas (3) and (4) at the same time.
n,Zn>n, 3
1<K(hIK(My) &)
[0124] In the above formulas (1) and (2), R(%,) and R(A)

are each an in-plane retardation or the retardation film at
wavelength of A; and h,, K(i;) and K(k,) are each a
thickness-direction retardation of the retardation film at
wavelength of A; and A, and A; and A, are wavelengths
satisfying the formula 400 nm<h,<h,<700 nm.

[0125] The term n_ is the maximum refractive index in the
film plane, n, is the refractive index in the direction perpen-
dicular to the direction of the maximum refractive index in
the film plane and n, is the refractive index in the direction
of the normal line of the film. The definitions of K, %, and
A, are same as those described above.

[0126] The present method, i.c. the concrete method for
applying the above retardation film A and the retardation
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film C to a liquid crystal display device of VA mode will be
apparent from the above explanations.

[0127] The present invention further provides a combina-
tion of the retardation film A satisfying the following for-
mula (1) and/or formula (2)

R(M)/R()<1 [€))

K()/K ()<l ©
[0128] with the retardation film C satisfying the following
formulas (3) and (4)

nZngen, @

1<K(M)K(hy) ©)
[0129] for the use as a retardation film (viewing angle

compensation film) of a liquid crystal display device of VA
mode.

[0130] The definitions of R, K, n,, n, and n, in the
formulas are same as those described above.

[0131] The use of the films, ie. the concrete use for
applying the above retardation film A and the retardation
film C to a liquid crystal display device of VA mode will be
apparent from the above explanations.

EFFECT OF THE INVENTION

[0132] As described above, the present invention can
provide a VA mode liquid crystal display device causing
decreased leakage of light over the whole visible light range
and enabling the display of a clear and nearly achromatic
black color by combining a retardation film A having smaller
retardation at shorter wavelength with a retardation film C
having larger retardation at shorter wavelength. Accord-
ingly, the view angle can be widened over the whole visible
light range.

EXAMPLES

[0133] The present invention is explained in more detail
by the following examples, which do not restrict the scope
of the present invention.

[0134]

[0135] The properties, etc., of the materials described in
the specification were determined by the following evalua-
tion methods.

(Evaluation Methods)

[0136] (1) Determination of Retardation R in In-Plane
Direction and Retardation K in Thickness Direction

[0137] The retardation R in in-plane direction and the
retardation K in thickness direction were determined by the
Spectroscopic Ellipsometer “M150” (product of JASCO
Corp.). The R value was measured in a state to cross the
incident light with the film surface at right angle. The K
value was determined by measuring the retardation values at
various angles by varying the angle between the incident
light and the film surface and determining the three-dimen-
sional refractive indices n,, n, and n, by the curve fitting
with a known formula of refractive index ellipsoid. The
average refractive index n necessary as another parameter in
the above procedure is measured by an Abbe refractometer
(Abbe Refractometer 2-T product of ATAGO Co., Ltd.).
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[0138] (2) Determination of Water Absorption

[0139] The water absorption was determined in confor-
mity with the “Determination of Water Absorption and
Boiling Water Absorption of Plastics” described in JIS K
7209 except for the use of a film having a film thickness of
13050 pm in dried state. The size of the test piece was 50
mm square. The sample was immersed in water at 25° C. for
24 hours and the variation of the weight was measured. The
result was expressed by % by weight.

[0140] (3) Determination of the Glass Transition Tempera-
ture (Tg) of the Polymer

[0141] The glass transition temperature was measured by
“DSC2920 Modulated DSC” (product of TA Instruments).
The measurement was carried out not on a film but in the
form of flakes or chips after the production of the polymer.

[0142] (4) Determination of the Film Thickness

[0143] The thickness of the film was measured by an
electronic micrometer manufactured by Anritsu Corp.

[0144] (5) Determination of the Copolymerization Ratio
of the Polymer
[0145] The copolymerization ratio was measured by a

proton NMR “JNM-alpha600” (product of JEOL Ltd.).
Especially in the case of a copolymer of bisphenol A and
biscresol fluorene, deuterobenzene was used as the solvent
and the ratio was calculated from the proton intensity ratio

of each methyl group.
[0146] (6) Polymerization of Polycarbonate Copolymer

[0147] The monomer structures for the production of the
polycarbonate used in the Examples are shown below.

[X]
B
CH,
[Y]
CH, cH,
HO OH

[0148] An aqueous solution of sodium hydroxide and
ion-exchanged water were charged in a reactor furnished
with a stirrer, a thermometer and a reflux condenser, the
monomers X and Y having the above structures were dis-
solved in the solution at a molar ratio of 33:67 and a small
amount of hydrosulfite was added to the system. Methylene
chloride was added thereto and phosgene was blown into the
reactor at 20° C. spending about 60 minutes. The content of
the reactor was emulsified by adding p-tert-butylphenol,
triethylamine was added to the emulsion and the product
was stirred at 30° C. for about 3 hours to complete the
reaction. After the completion of the reaction, the organic
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phase was collected and methylene chloride was evaporated
to obtain a polycarbonate copolymer. The compositional
ratio of the obtained copolymer was nearly equal to the
charging ratio of the monomers.

Example 1

[0149] The polycarbonate copolymer produced by the
above method was dissolved in methylene chloride to obtain
a dope solution having a solid concentration of 18% by
weight. A cast film was prepared from the dope solution on
a substrate by solution casting method. The film was peeled
off from the substrate and dried by slowly raising the
temperature to Tg-20° C. The produced dried film was
uniaxially drawn at 230° C. at a draw ratio of 1.6 to obtain
afilm A (copolymer PC1). It has been confirmed that the film
has smaller retardation at shorter wavelength for measure-
ment and has positive refractive index anisotropy.

[0150] ARTON manufactured by JSR Ltd. was dissolved
in methylene chloride to produce a dope solution having a
solid concentration of 18% by weight. A cast film was
prepared from the dope solution by a method similar to the
method described above and biaxially drawn at 175° C. at
draw ratios of 1.3 in longitudinal and lateral directions to
obtain a retardation film C (ARTON1). The film was con-
firmed to have larger retardation at shorter wavelength for
measurement.

[0151] A VA liquid crystal cell having the characteristics
shown in the following Table 1 was prepared and laminated
with a commercially available iodine-type polarizing film
(HLC2-5618, product of Sanritz Corp.) and the above retar-
dation film with an adhesive to form the constitution shown
in the following Table 2. There was little leakage of light by
viewing the obtained panel in slant direction at any angle
and the leaked light was colorless.

TABLE 1
n (550) 1.504
d (pm) 4
R (450) (nm) 0
R (550) (nm) 0
R (650) (nm) 0
K (450) (nm) -325
K (550) (nm) -310
K (650) (nm) -308

[0152]
TABLE 2
Comparative
Example 1 Example 2 Example 1

1st Polarizing Film
(Transmission axis
90°)

PC copolymer 1
(Slow axis 90°)
Liquid crystal cell
ARTON1
2nd Polarizing Film

(Transmission axis 0°)

Backlight

1st Polarizing Film
(Transmission axis
90°)

PC copolymer 2
(Slow axis 907)
Liquid crystal cell
PC1
2nd Polarizing Film

(Transmission axis 0°)

Backlight

1st Polarizing Film
(Transmission axis
90°)
ARTON2
(Slow axis 90°)

Liquid crystal cell
ARTON3

2nd Polarizing Film

(Transmission axis 0°)

Backlight

[0153] A bisphenol A polycarbonate (C1400; product of
Teijin Chemicals 1td.) was dissolved in methylene chloride

Example 2
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to obtain a dope solution having a solid concentration of
18% by weight. A cast film was prepared from the dope
solution by a method similar to the Example 1. The film was
biaxially drawn at 165° C. at draw ratios of 1.1 in longitu-
dinal and lateral directions to obtain a retardation film C
(PC1). The film was confirmed to have larger retardation at
shorter wavelength for measurement.

[0154] A panel constitution similar to that of the Example
1 except for the use of PCl in place of ARTONI1 was
prepared. There was little leakage of light by viewing the
obtained panel in slant direction at any angle to develop a
nearly complete black color and the leaked light was col-
orless.

Comparative Example 1

[0155] ARTON (product of JSR) was dissolved in meth-
ylene chloride to obtain a dope solution having a solid
concentration of 18% by. weight. A cast film was prepared
from the dope solution and uniaxially drawn at 175° C. at a
draw ratio of 1.4 to obtain a film A (ARTON2). Separately,
the cast film was biaxially drawn at 175° C. at draw ratios

of 1.3 in longitudinal and lateral directions to obtain a film
C (ARTON3).

[0156] A panel constitution shown in the Table 2 was
produced by using these films. The leakage of light was
confirmed especially by viewing the panel from slant direc-
tion at an angle of 45° and the leaked light had a colored
black color.

[0157] The optical characteristics of the retardation films
used in the Examples and the Comparative Example are
shown in the following Table 3.

TABLE 3

PC
copolymer

1 ARTON 1 PC1 ARTON 2 ARTON 3

n (550) 1.6240 15175 1.5875 1.5175 1.5175
R (450) (nm) 123 0 0 141 0
R (550) (nm) 150 0 0 140 0
R (650) (nm) 159 0 0 140 0
K (450) (nm) 62 222 270 71 212
K (550) (nm) 75 220 250 70 210
K (650) (nm) 80 219 245 70 209
nx (550) 1.6250 1.5182 1.5883 1.5184 1.5182
ny (550) 1.6235 1.5182 1.5883 1.5170 1.5182
nz (550) 1.6235 1.5160 1.5858 1.5170 1.5161
Film 90 150 80 80 150
thickness
after drawing
Glass 225 170 160 170 170
transition
temperature
¢ C)
Water 0.2 0.2 0.2 0.2 0.2
absorption
(wt. %)

INDUSTRIAL APPLICABILITY
[0158] The present invention provides a liquid crystal

display device of VA mode having decreased leakage of light
over a wide range and displaying clear and almost achro-
matic black color by using at least two retardation films by
combining a retardation film A having smaller retardation
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with shorter wavelength with a retardation film C having
larger retardation with shorter wavelength. Accordingly,
such liquid crystal display device can provide a high-quality
liquid crystal display device having excellent picture quality.

1. A liquid crystal display device composed of a liquid
crystal cell containing a liquid crystal held between a pair of
substrates in a state to orient a major axis of a liquid crystal
molecule in a direction nearly perpendicular to the face of
the substrate in the absence of applied voltage, a 1st and a
2nd polarizing films placed at both sides of the liquid crystal
cell and having polarizing axes directing perpendicular to
cach other and at least two retardation films (A,C) placed
between the liquid crystal cell and the polarizing films
wherein the retardation film A satisfies the following for-
mula (1) and/or (2)

R(OM)/R()<1 @
K(hy)IK(hy)<1 @

(in the formulas (1) and (2), R(%,) and R(r,) are each an
in-plane retardation at wavelength of &, and A, K(A,)
and K(A,) are each a retardation of the retardation film
in the direction of thickness at wavelength of A, and A,,
and A, and A, are wavelengths satisfying the relation-
ship of 400 nm<A,<h,<700 nm), and the retardation
film C satisfies the following formulas (3) and (4) at the

same time.
n,Zng>n, (3
1<K(M)K (M) O]

(in the formulas, n_ is a maximum refractive index in a
plane of the retardation film, n_ is a refractive index in
a direction perpendicular to the direction of the maxi-
mum refractive index in the plane of the retardation
film and n, is a refractive index in the normal line
direction of the retardation film, and the definitions of
k, %, and A, are same as those described above):

2. A liquid crystal display device according to claim 1
wherein the retardation film A is placed adjacent to the 1st
or the 2nd polarizing film.

3. A liquid crystal display device according to claim 1
wherein the retardation film C is placed adjacent to the liquid
crystal cell.

4. A liquid crystal display device according to claim 1
wherein a slow axis of the retardation film A is parallel or
perpendicular to the polarization axis of the polarizing film.

5. A liquid crystal display device according to claim 1
wherein the wavelength A, is 450 nm and A, is 550 nm.

6. A liquid crystal display device according to claim 1
wherein the retardation film A satisfies the following for-
mula (5) and/or (6)

1<R(650)/R(550) @
1<K(650)/K(550) ©)

(in the formulas, R(650) and R(550) are the in-plane

retardance of the retardation film at wavelengths of 650
nm and 550 nm, respectively, and K(650) and K(550)
are the retardance of the retardation film in the direction
of thickness at wavelengths of 650 nm and 550 nm,
respectively).

7. A liquid crystal display device according to claim 1

wherein the retardation film C satisfies the following for-
mula (4-1)

K(650)/K(550)<1 (4-1)
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(in the formula, the definitions of R and K are same as
those described above).
8. A liquid crystal display device according to claim 1
wherein the retardation film A satisfies the following for-
mula (7)

10<R(550)<300 ¢
and the retardation film C satisfies the following formula

®

50<K(550)<400 ®)

(in the formula, the definitions of R and K are same as

those described above).

9. A liquid crystal display device according to claim 1
wherein both of the retardation films A and C are made of a
polymer material having a water absorption of 1% by weight
or less.

10. A liquid crystal display device according to claim 1
wherein the retardation film A is composed of a single layer.

11. A liquid crystal display device according to claim 1
wherein the retardation film A is composed of an oriented
polymer film composed of a monomer unit of a polymer
having positive refractive index anisotropy and a monomer
unit of a polymer having negative refractive index anisot-
1opy.

12. A liquid crystal display device according to claim 11
wherein the retardation film A comprises a polycarbonate
having a fluorene skeleton.

13. A liquid crystal display device according to claim 1
wherein the retardation film C satisfies the following for-
mula (9)

R(550)<30 ©)

(in the formula, the definition of R is same as that

described above).

14. A liquid crystal display device according to claim 1
provided that, when both of the 1st and the 2nd polarizing
films are composed of polarizing devices having protective
layers on both sides, the sum of the retardations of one of the
protecting layers, the retardation films A and C and the liquid
crystal cell in the thickness direction at wavelength of 550
nm is from -200 nm to +200 nm.

15. A liquid crystal display device composed of a liquid
crystal cell containing a liquid crystal held between a pair of
substrates in a state to orient a major axis of a liquid crystal
molecule in a direction nearly perpendicular to the face of
the substrate in the absence of applied voltage, a 1st and a
2nd polarizing films placed at both sides of the liquid crystal
cell and having polarizing axes directing perpendicular to
each other and at least two retardation films (A,C) placed
between the liquid crystal cell and the polarizing films
wherein the retardation film A satisfies the following for-
mulas (10) and (11) in a state of a single sheet,

0.6<R(450)/R(550)<0.97 (10)
1.01<R(650)/R(550)<1.4 (1)

the retardation film C satisfies the following formula (3)
and {(4-1) and/or (4-2)} at the same time,

n,Zng>n, ©)
K(650)/K(550)<1 (4-1)
1<K(450)/K(550) (4-2)

the retardation film A is placed adjacent to the 1st polar-
izing film or the 2nd polarizing film, the retardation
film C is placed adjacent to the liquid crystal cell, a
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slow axis of the retardation film A is parallel or per-
pendicular to the polarizing axis of the 1st polarizing
film, the retardation film A satisfies the following
formula (7),

10<R(550)<300 )
the retardation film C satisfies the following formula (8),

50<K(550)<400 )
and satisfies the following formula (9),

R(550)<30 ©

(in the formulas, the definitions of R, K, n, n, and n, are
same as those described above, R(450) is an in-plane
retardation of the retardation film at 550 nm and R(550)
is retardation in thickness direction at 450 nm wave-
length, and the retardation film A comprises a polycar-
bonate having a fluorene skeleton).

16. A liquid crystal display device composed of a liquid
crystal cell containing a liquid crystal held between a pair of
substrates in a state to orient a major axis of a liquid crystal
molecule in a direction nearly perpendicular to the face of
the substrate in the absence of applied voltage, a 1st and a
2nd polarizing films placed at both sides of the liquid crystal
cell and having polarizing axes directing perpendicular to
each other and at least two retardation films (A,C) placed
between the liquid crystal cell and the polarizing films
wherein the retardation film A has essentially larger retar-
dation in the direction of plane and/or thickness of the film
at shorter wavelength within the wavelength range of from
400 nm to 700 nm, and the retardation film C has essentially
smaller retardation in thickness direction at shorter wave-
length and satisfies the following formula (3)

®

(in the formula, the definitions of n,, n, and n, are same

as those described above).

17. A method for compensating the view angle of a liquid
crystal display device in a whole visible light range by
providing a liquid crystal cell containing a liquid crystal held
between a pair of substrates in a state to orient a major axis
of the liquid crystal molecule in a direction nearly perpen-
dicular to the face of the substrate in the absence of applied

0, Zng>n,
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voltage, a 1st and a 2nd polarizing films placed at both sides
of the liquid crystal cell and having polarizing axes directing
perpendicular to each other and at least two retardation films
(A,C) placed between the liquid crystal cell and the polar-
izing films wherein the retardation film A satisfies the
following formula (1) and/or (2)
R(MDR(,)<1 @
K(M/K(h)<1 @
(in the formulas (1) and (2), R(,) and R(A,) are each an
in-plane retardation of the retardation film at wave-
length of &, and A,, K(A;) and K(i,) are each a
retardation in the direction of the thickness of the
retardation film at wavelength of A, and A, and A, and
A, are wavelengths satisfying the relationship of 400
nm<h,<h,<700 nm), and the retardation film C satisfies
the following formulas (3) and (4) at the same time.
®
O]
(in the formulas, n_ is a maximum refractive index in the
plane of the retardation film, n, is a refractive index in
the direction perpendicular to the direction of the
maximum refractive index in the plane of the retarda-
tion film and n, is a refractive index in the normal line
direction of the retardation film, and the definitions of
K, h; and A, are same as those described above).
18. The use of a retardation film A satisfying the following
formula (1) and/or (2)

ROWDR()<1
K )K(h)<l

>
n,Zng>n,

1<K()IK ()

6y

@

in combination with a retardation film C satisfying the
following formulas (3) and (4)

n,Zn>n, (3
1<K(h)/K(hy) 4
(in the formulas, the definitions of R, K, A, A, n_, n, and

n, are same as those described above) as a view angle
compensation film of a liquid crystal display device of
VA mode.
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