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(57) ABSTRACT

The present invention provides a method for easily producing
at low cost a liquid crystal display device which can achieve
a higher contrast ratio in a wide viewing angle range, and a
liquid crystal display device. The present invention relates to
amethod for producing a liquid crystal display device includ-
ing a first polarizer, a first birefringent layer, a liquid crystal
cell, asecond birefringent layer, and a second polarizer in this
order. The production method comprises at least one of the
following first and second steps. The first step includes: lat-
erally stretching a raw film for the first birefringent layer
including a material with positive intrinsic birefringence to
produce the first birefringent layer; and bonding the first
polarizer and the first birefringent layer by roll-to-roll pro-
cessing. The second step includes: laterally stretching a raw
film for the second birefringent layer including a material
with negative intrinsic birefringence to produce the second
birefringent layer; and bonding the second polarizer and the
second birefringent layer by roll-to-roll processing.
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METHOD FOR PRODUCING LIQUID
CRYSTAL DISPLAY DEVICE, AND LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method for pro-
ducing a liquid crystal display device, and a liquid crystal
display device. The present invention more specifically
relates to a method for producing a liquid crystal display
device having a birefringent layer between two polarizers
disposed in a crossed Nicols state, and the liquid crystal
display device.

BACKGROUND ART

[0002] Liquid crystal display devices are widely used as
display devices for various data-processing devices such as
computers and televisions. In particular, TFT liquid crystal
display devices (hereinafter, also referred to as “TFT-LCDs™)
become popular, and expansion of the TFT-LCD market is
expected. Such a situation creates a demand for much
improved image quality.

[0003] Although the present description employs the TFT-
LCDs as an example, the present invention may be applicable
to passive matrix LCDs, plasma address LCDs, and. the like
in addition to the TFT-LCDs. Generally, the present invention
is applicable to an LCD which contains a liquid crystal
between two substrates each provided with an electrode and
which displays an image when a voltage is applied between
the electrodes.

[0004] The most widely used mode in the TFT-L.CDs cur-
rently is a mode in which a liquid crystal having positive
dielectric anisotropy is horizontally aligned between parallel
substrates, namely, the TN mode. In a TN liquid crystal dis-
play device, the alignment direction of liquid crystal mol-
ecules adjacent to one substrate is twisted by 90° to that of
liquid crystal molecules adjacent to the other substrate. Such
TN liquid crystal display devices are now produced at low
cost and have been industrially mature, while they are less
likely to achieve a higher contrast ratio. The TN liquid crystal
display device may be improved in this respect.

[0005] Inaddition, there are disclosed liquid crystal display
devices having another mode in which a liquid crystal having
negative dielectric anisotropy is aligned perpendicular to par-
allel substrates, namely the VA liquid crystal display devices.
In the VA liquid crystal display devices, liquid crystal mol-
ecules are aligned almost perpendicular to the surfaces of the
substrates when no voltage is applied. Here, the liquid crystal
cell hardly shows birefringence and optical rotation, and light
passes through the liquid crystal cell while hardly changing in
its polarization state. Thus, in the case of the arrangement
such that the liquid crystal cell is interposed between two
polarizers absorption axes of which are orthogonal to each
other, itis possible to display an almost perfectly black screen
when no voltage is applied. When a voltage is applied, the
liquid crystal molecules are made to be almost parallel to the
substrates, the liquid crystal cell shows large birefringence,
and the liquid crystal display device displays a white screen.
Thus, such a VA liquid crystal display device easily achieves
a very high contrast ratio, which is not achieved by the TN
liquid crystal display devices.
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[0006] 1In contrast, the VA liquid crystal display device is
less likely to have a wide viewing angle, and the VA liquid
crystal display device may be improved in this respect. This is
because as follows.

[0007] Whenno voltage is applied, as mentioned above, the
VA liquid crystal display device displays an almost perfectly
black screen because the liquid crystal cell hardly shows
birefringence and the two polarizers are perfectly orthogonal
in the front direction (the direction perpendicular to the dis-
play surface), but the liquid crystal cell shows birefringence
in oblique directions and apparently has phase difference.
Further, the two polarizers are apparently not geometrically
orthogonal. Thus, light leakage occurs to cause reduction in
the contrast ratio, resulting in a narrower viewing angle.

[0008] For the above reasons, VA liquid crystal display
devices are provided with retardation films in many cases in
order to remove excessive retardation of the liquid crystal cell
in oblique directions and to maintain orthogonality of the
polarizers in a crossed Nicols state in oblique directions. For
example, there are disclosed techniques for widening a view-
ing angle wherein polarizers are disposed on both sides of the
perpendicularly aligned liquid crystal cell, and the polarizer
and the liquid crystal cell sandwich at least one of the follow-
ing films: a uniaxial retardation film having an in-plane optic
axis and satisfying the relationship of extraordinary
index>ordinary index (a positive A plate); a uniaxial retarda-
tion film having an out-of-plane (film normal direction) optic
axis and satisfying the relationship of extraordinary
index<ordinary index (a negative C plate); and a biaxial retar-
dation film (see Patent Documents 1 to 3).

[0009] In addition, there are also disclosed the following
techniques in which multiple retardation films are used in
combination: a technique with combination use of the posi-
tive A plate and the positive C plate (see Patent Document 4);
a technique with combination use of the negative A plate and
the negative C plate (see Patent Document 5); and a technique
with combination use of a biaxial retardation plate having
birefringence with an in-plane retardation of 250 to 300 nm
and an Nz of 0.1 to 0.4 and a biaxial retardation plate having
birefringence with an in-plane retardation of 250 to 300 nm
and an Nz of 0.6 to 1.1 (see Patent Document 6).

[0010] In addition to the VA liquid crystal display devices,
there is disclosed another liquid crystal display device
wherein an electric field is transversely applied to a homoge-
neous liquid crystal cell in which a liquid crystal is interposed
between two substrates each having the surface subjected to
treatment for homogeneous alignment, and thereby liquid
crystal molecules are rotated in a plane almost parallel to the
substrates to achieve image display; such a device s called as
the IPS liquid crystal display device. In the IPS liquid crystal
display device, the liquid crystal molecules are always almost
parallel to the substrates while the angles formed by the
longitudinal directions of the liquid crystal molecules with
the absorption axes of the polarizers are changed to display
images. Thus, birefringence of the liquid crystal cell is less
changed even in oblique directions, and the device is allowed
to have a wide viewing angle.

[0011] In the IPS liquid crystal display devices, similar to
the case of the VA liquid crystal display devices, two polar-
izers are disposed orthogonal (in a crossed Nicols state) so as
to increase the contrast ratio. Here, the polarizers are appar-
ently not geometrically orthogonal in oblique directions. This
causes light leakage upon displaying a black screen, resulting
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in reduction in the contrast ratio. Thus, the IPS liquid crystal
display device may be improved in this respect.

[0012] In order to prevent such reduction in the contrast
ratio, the IPS liquid crystal display device is also provided
with a retardation film. For example, there is disclosed a
technique in which the polarizer and the liquid crystal cell
sandwich an appropriate biaxial retardation film having an
adjusted in-plane retardation and thickness-direction retarda-
tion (in-plane retardation is 190 to 390 nm, Nz=0.3 to 0.65)
(see Patent Document 7). There is also disclosed a technique
in which multiple retardation films are used in combination,
such as a technique in which a negative uniaxial A plate (optic
axis 0°) and a positive uniaxial A plate (optic axis 90°) are
placed between the viewing-side polarizer (absorption axis
90°) and the back-side polarizer (absorption axis 0°) (see
Non-Patent Document 1).

[0013] Further, there are disclosed: a multilayer polarizing
film comprising a positive almost uniaxial optical film (Nz
(550)=1), anegative optical film (Nz(550)==0.3), and a polar-
izing film stacked in this order, wherein the slow axis of the
positive almost uniaxial optical film and the slow axis of the
negative optical film are almost parallel to the absorption axis
of the polarizing film (hereinafter, referred to as a first mul-
tilayer polarizing film); and a multilayer polarizing film com-
prising a negative almost uniaxial optical film (Nz(550)=0), a
positive optical film (Nz(550)-1.2 to 1.3), and a polarizing
film stacked in this order, wherein the slow axis of the nega-
tive almost uniaxial optical film and the slow axis of the
positive optical film are almost parallel to the absorption axis
of the polarizing film (hereinafter, referred to as a second
multilayer polarizing film) (see Patent Documents 8 and 9).

[Patent Document 1]
[0014] U.S. Pat. No. 6,141,075

[Patent Document 2]
[0015] U.S. Pat. No. 6,661,488

[Patent Document 3]

[0016] U.S. Pat. No. 7,057,689
[Patent Document 4]
[0017] WO 06/001448

[Patent Document 5]
[0018] Japanese Kohyo Publication 2006-514754

[Patent Document 6]
[0019] Japanese Kokai Publication 2001-350022

[Patent Document 7]
[0020] Japanese Kokai Publication H11-305217

[Patent Document 8]
[0021] Japanese Kokai Publication 2007-232873

[Patent Document 9]
[0022] Japanese Kokai Publication 2007-232874

[Non-Patent Document 1]
[0023] XiNzhu, et al., “Super Wide View In-plane Switch-
ing LCD with Positive and Negative Uniaxial A-Films Com-
pensation”, SID 05 DIGEST, p. 1164-1167

DISCLOSURE OF THE INVENTION

[0024] In general, a polarizer is low in properties such as
mechanical strength and moist heat resistance because it
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includes a polyvinyl alcohol (PVA) film with a dichroic aniso-
tropic material such as an iodine complex adsorbed and
aligned thereon. Thus, the polarizer is generally produced in
a state such that the polarizer is disposed between protecting
films such as triacetyl cellulose (TAC) films. Here, the pro-
tecting film such as the TAC film has excessive retardation (is
anegative C plate having an out-of-plane retardation of about
30 to 80 nm). Thus, it is preferable not to use the protecting
film if possible in order to increase accuracy of optical com-
pensation and to reduce the cost.

[0025] In the inventions of Patent Documents 1 to 7 and
Non-Patent Document 1, however, protecting films such as
TAC films 10 are necessarily used even though it is recog-
nized that birefringent layers (retardation films) are individu-
ally stacked on a polarizer as shown in FIG. 9. Thus, optical
compensation is not achieved at high accuracy and the pro-
duction of each invention costs high; the inventions may be
improved in these respects. As shown in FIG. 10, use of
protecting films 24 with small phase difference (referred to as
“protecting films with zero phase difference”, “no-alignment
protecting films” or the like) as the protecting films is exam-
ined in order to increase accuracy of optical compensation.
Here, the method for producing the zero-phase-difference
protecting film 24 is complicated in general, and this pro-
motes cost increase. Thus, the technique may be improved in
this respect.

[0026] In contrast, the multilayer polarizing films of Patent
Documents 8 and 9 contribute to a wider viewing angle of the
IPS liquid crystal display device. In addition, they enable
omission of some protecting films. This is because they
enable bonding of a positive almost uniaxial optical film, a
negative optical film, and a polarizing film (a polarizer) by
roll-to-roll processing in the case of the first multilayer polar-
izing film, or bonding of a negative almost uniaxial optical
film, a positive optical film, and a polarizing film (a polarizer)
by roll-to-roll processing in the case of the second multilayer
polarizing film. In the IPS liquid crystal display devices, it is
required to dispose a positive optical film and a negative
optical film on the same side of the liquid crystal cell in order
to allow the liquid crystal cell not to optically work upon
displaying a black screen. Thus, protecting films may not be
used on the side where the positive and negative films are
disposed, but the protecting films are essential on the other
side; the inventions may be improved in this respect.

[0027] In the techniques of Patent Documents 4 to 6, each
retardation layer (other than the positive C plate) requires a
large retardation IRxy(550)I. Thus, it is generally difficult to
producea retardation film with reverse wavelength dispersion
(a wide-band retardation film); the inventions may be
improved in this respect. This is because the retardation film
with reverse wavelength dispersion is substantially less likely
to show retardation. According to the technique of Patent
Document 4, production of the positive C plate requires spe-
cial stretching so as to increase the refractive index in the
thickness direction, and thus the positive C plate is generally
difficult to produce; the invention may be improved in this
respect.

[0028] According to the invention of Patent Document 7,
materials are limited and the relationship of nx>nz>ny is
necessarily achieved so as to satisfy Nz=0.5. In order to
achieve nx>nz>ny, special stretching is required, and thus
production of the invention is likely to be difficult; the inven-
tion may be improved in this respect.
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[0029] In the invention of Non-Patent Document 1, condi-
tions forretardation are optimized only at a single wavelength
(generally, around 550 nm) although retardations IRxy(550)!
of the positive uniaxial A plate and the negative uniaxial A
plate are reduced. Thus, light leakage occurs upon displaying
ablack screen at wavelengths other than the designated wave-
length and coloration (coloring) occurs upon displaying a
black screen in oblique directions.

[0030] The present invention is devised considering the
aforementioned situations. An object of the present invention
is to provide a method for easily producing at low cost a liquid
crystal display device which achieves a higher contrast ratio
in a wide viewing angle range, and the liquid crystal display
device.

[0031] The present inventors have performed various stud-
ies on a method for easily producing at low cost a liquid
crystal display device which achieves a higher contrast ratio
in a wide viewing angle range. Thus, the present inventors
have found that it is possible to reduce the number of protect-
ing films and thereby to achieve production of a device having
improved performance at low cost by the use of, as shown in
FIG. 11, for example, a first birefringent layer 21 and a second
birefringent layer 22 as protecting films for a first polarizer 11
and a second polarizer 12, respectively, that is, by the use of a
polarizing plate including the first birefringent layer 21, the
first polarizer 11, and a TAC film (protecting film) 10 bonded
in this order via an adhesive 5 and a polarizing plate including
the second birefringent layer 22, the second polarizer 12, and
a TAC film (protecting film) 10 bonded in this order via an
adhesive 5, even in the case that the first or second polarizer
has low mechanical strength and moist heat resistance.
[0032] The above structure is achieved by carrying out at
least one of the following first and second steps. The first step
includes: longitudinally stretching a raw film for the first
polarizer to produce the first polarizer; laterally stretching a
raw film for the first birefringent layer including a material
with positive intrinsic birefringence to produce the first bire-
fringent layer; and bonding the first polarizer and the first
birefringent layer by roll-to-roll processing. The second step
includes: longitudinally stretching a raw film for the second
polarizer to produce the second polarizer; laterally stretching
araw film for the second birefringent layer including a mate-
rial with negative intrinsic birefringence to produce the sec-
ond birefringent layer; and bonding the second polarizer and
the second birefringent layer by roll-to-roll processing.
[0033] The above production method enables appropriate
adjustment of the Nz coefficients of the first birefringent layer
and the second birefringent layer by a simple process of
stretching, and also enables appropriate adjustment of the
axial relationship between the first birefringent layer and the
first polarizer and the axial relationship between the second
birefringent layer and the second polarizer. As a result, the
present inventors have found that a liquid crystal display
device produced by the above production method can main-
tain orthogonality between the first polarizer and the second
polarizer in oblique directions while maintaining orthogonal-
ity between the first polarizer and the second polarizer also in
the front direction, and can achieve a higher contrast ratio in
a wide viewing angle range. Thus, the present inventors have
found the solution of the aforementioned problems and
arrived at the present invention.

[0034] The present invention relates to a method for pro-
ducing a liquid crystal display device including, in the fol-
lowing order, a first polarizer, a first birefringent layer, a
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liquid crystal cell, a second birefringent layer, and a second
polarizer, wherein absorption axes of the first polarizer and
the second polarizer are orthogonal to each other; the first
birefringent layer includes a material with positive intrinsic
birefringence; and the second birefringent layer includes a
material with negative intrinsic birefringence, the method
comprising at least one of the following first and second steps,
the first step including: longitudinally stretching a raw film
for the first polarizer to produce the first polarizer; laterally
stretching a raw film for the first birefringent layer to produce
the first birefringent layer; and bonding the first polarizer and
the first birefringent layer by roll-to-roll processing, and the
second step including: longitudinally stretching a raw film for
the second polarizer to produce the second polarizer; laterally
stretching a raw film for the second birefringent layer to
produce the second birefringent layer; and bonding the sec-
ond polarizer and the second birefringent layer by roll-to-roll
processing.

[0035] The following will describe the present invention in
detail.
[0036] The method for producing a liquid crystal display

device of the present invention produces a liquid crystal dis-
play device including, in the following order, a first polarizer,
a first birefringent layer, a liquid crystal cell, a second bire-
fringent layer, and a second polarizer having the absorption
axis orthogonal to the absorption axis of the first polarizer. In
the case that the first birefringent layer serves as a protecting
film for the first polarizer and the second birefringent layer
serves as a protecting film for the second polarizer in the
above liquid crystal display device, the number of protecting
films such as TAC films are reduced in comparison with the
case that the first and the second birefringent layers are dis-
posed on either one side of the first or second polarizer of the
liquid crystal cell.

[0037] Themultilayer structure of the liquid crystal display
device of the present invention is not used for a liquid crystal
display device with a mode such as the IPS mode in which
liquid crystal molecules in the liquid crystal cell are aligned
parallel to the substrate surface so as to display ablack screen,
but is used only for a liquid crystal display device in which
liquid crystal molecules in the liquid crystal cell are aligned
perpendicular to the substrate surface so as to display a black
screen. Thus, in order to reduce the number of protecting
films, the liquid crystal display device displays a black screen
preferably by aligning liquid crystal molecules in the liquid
crystal cell perpendicular to the substrate surface. Examples
of the liquid crystal display mode in which liquid crystal
molecules in the liquid crystal cell are aligned perpendicular
to the substrate surface to display a black screen include the
TN mode, the ECB mode, the VA mode, and the OCB mode.
[0038] The phrase “align liquid crystal molecules perpen-
dicular to the substrate surface” herein does not mean that
liquid crystal molecules are required to be aligned strictly
perpendicular to the substrate surface. Liquid crystal mol-
ecules may be aligned substantially perpendicular to the sub-
strate surface.

[0039] The term “polarizer” herein represents an element
which converts natural light into linearly polarized light.
Either of the first and second polarizers may be a polarizer (a
back-side polarizer) and may be an analyzer (a viewing-side
polarizer).

[0040] The liquid crystal cell generally includes two sub-
strates and a liquid crystal layer disposed between the sub-
strates. The first polarizer and the second polarizer are placed
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so that the absorption axes are orthogonal to each other
(crossed Nicols), and the liquid crystal cell does not show
birefringence in the front direction when no voltage is
applied. Thus, the liquid crystal display device of the present
invention displays an almost perfectly black screen in the
front direction when no voltage is applied.

[0041] Thephrase “twoaxes ortwo directions orthogonally
(perpendicularly) cross each other (are orthogonal (perpen-
dicular) to each other)” herein means that the angle formed by
the axes or directions is preferably strictly 90°, but is not
necessarily strictly 90°. In either case of the axes or the
directions, they may be substantially orthogonal to each
other. Specifically, an angle within 90°+1° contributes to
sufficient effects of the present invention.

[0042] Thephrase “two axes or two directions parallel each
other (are parallel to each other)” herein means that the angle
formed by the axes or the directions is preferably strictly 0°,
but is not necessarily strictly 0°. In either case of the axes or
the directions, they may be substantially parallel to each
other. Specifically, an angle within 0°+1° contributes to suf-
ficient effects of the present invention.

[0043] The term “birefringent layer” herein represents a
layer having optical anisotropy, and is synonymous with a
retardation film, retardation plate, optically anisotropic layer,
birefringent medium, and the like.

[0044] The first birefringent layer includes a material with
positive intrinsic birefringence. The second birefringent layer
includes a material with negative intrinsic birefringence. The
aforementioned production method includes at least one of
the following first and second steps. The first step includes:
longitudinally stretching a raw film for the first polarizer to
produce the first polarizer; laterally stretching a raw film for
the first birefringent layer to produce the first birefringent
layer; and bonding the first polarizer and the first birefringent
layer by roll-to-roll processing. The second step includes:
longitudinally stretching a raw film for the second polarizer to
produce the second polarizer; laterally stretching a raw film
for the second birefringent layer to produce the second bire-
fringent layer; and boding the second polarizer and the sec-
ondbirefringent layer by roll-to-roll processing. The continu-
ous bonding by roll-to-roll processing contributes to
reduction in the production cost in comparison with indi-
vidual stacking procedure with a pressure-sensitive adhesive
after cutting of polarizers and birefringent layers into a pre-
determined size (the procedure in which the polarizers and
the birefringent layers each are cut into a predetermined size
and then bonded one by one with an adhesive). Since the first
birefringent layer and the second birefringent layer can be
used as protecting films for the first polarizer and the second
polarizer, respectively, and thus the number of protecting
films are reduced, the liquid crystal display device with an
improved performance is produced at low cost.

[0045] The liquid crystal display device produced by the
aforementioned production method is allowed to maintain
orthogonality between the first polarizer and the second
polarizer in oblique directions while maintaining orthogonal-
ity between the first polarizer and the second polarizer in the
front direction. Thus, the liquid crystal display device
achieves a higher contrastratio in a wide viewing angle range.
This will be specifically described hereinbelow.

[0046] In the present invention, the first polarizer and the
second polarizer basically include a polyvinyl alcohol (PVA)
film with a dichroic anisotropic material such as an iodine
complex adsorbed and aligned thereon, what is called an
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O-type polarizer. Thus, the direction of stretching raw films
for the first polarizer and the second polarizer are the absorp-
tion-axis directions of the first polarizer and the second polar-
izer. In contrast, a raw film for the first birefringent layer
includes a material with positive intrinsic birefringence.
Thus, the direction of stretching the raw film for the first
birefringent layer is the in-plane slow axis direction of the
first birefringent layer. In addition, a raw film for the second
birefringent layer includes a material with negative intrinsic
birefringence. Thus, the direction of stretching the raw film
for the second birefringent layer is the direction orthogonal to
the in-plane slow axis direction of the second birefringent
layer (the in-plane fast axis direction). Here, in the aforemen-
tioned production method, the direction of stretching the raw
film for the first polarizer and the direction of stretching the
raw film for the first birefringent layer are orthogonal, and the
direction of stretching the raw film for the second polarizer
and the direction of stretching the raw film for the second
birefringent layer are orthogonal. Thus, the absorption axis of
the first polarizer and the in-plane slow axis of the first bire-
fringent layer are orthogonal, and the absorption axis of the
second polarizer and the in-plane slow axis of the second
birefringent layer are parallel in the liquid crystal display
device produced through the aforementioned production
method. In the case of lateral stretching of the raw films,
stretching of the films in the roll-width direction involves free
shrinkage of the film in the film-thickness direction, while
shrinkage of the films in the roll-flow direction is inhibited
because the films are held by a roller for film winding. This
gives the effects similar to those obtained in the case of
stretching the films in not only the roll-width direction but
also the roll-flow direction (biaxial stretching in longitudinal
and lateral directions). As a result, the first birefringent layer
produced by lateral stretching of the raw film including a
material with positive intrinsic birefringence satisfies
nx>>ny>nz and Nz>1 in many cases. Also as a result, the
second birefringent layer produced by lateral stretching of the
raw film including a material with negative intrinsic birefrin-
gence satisfies nx<<ny<nz and Nz<0 in many cases.

[0047] From the above, the liquid crystal display device
produced by the production method of the present invention
has an appropriately adjusted Nz coefficient of the first bire-
fringent layer, axial relationship between the first birefringent
layer and the first polarizer, Nz coefficient of the second
birefringent layer, and axial relationship between the second
birefringent layer and the second polarizer. Thus, the
orthogonality of the first polarizer and the second polarizer is
retained in oblique directions while the orthogonality of the
first polarizer and the second polarizer is retained in the front
direction. As a result, the liquid crystal display device
achieves a higher contrast ratio in a wide viewing angle range.

[0048] Inthe present invention, the raw films for the polar-
izers are longitudinally stretched and the raw films for the
birefringent layers are laterally stretched upon bonding the
polarizers (the first polarizer and the second polarizer) and the
birefringent layers (the first birefringent layer and the second
birefringent layer) by roll-to-roll processing. Here, it seems
acceptable that the method includes lateral stretching of the
raw films for the polarizers and longitudinal stretching of the
raw films for the birefringent layers as long as the direction of
stretching the raw films for the polarizers and the direction of
stretching the raw films for the birefringent layers are
orthogonal. However, lateral stretching of the raw films gives
the effects substantially similar to those obtained by longitu-
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dinal and lateral biaxial stretching processes as mentioned
above. Thus, lateral stretching of the raw films for the polar-
izers may causes reduction in the degree of orientation of a
dichroic material such as an iodine complex, and this may
result in an insufficient degree of polarization. Thus, upon the
bonding of the polarizers and the birefringent layers by roll-
to-roll processing in the present invention, the raw film for a
polarizer is longitudinally stretched and the raw film for a
birefringent layer is laterally stretched, instead of laterally
stretching the raw film for a polarizer and longitudinally
stretching the raw film for a birefringent layer.

[0049] The term “raw film” herein represents a film before
stretched (unstretched film). The term “longitudinal stretch-
ing” means that a raw film is stretched in the roll-flow direc-
tion. The term “lateral stretching” means that a raw film is
stretched in the direction perpendicular to the roll-flow direc-
tion (roll-width direction).

[0050] The method for producing a liquid crystal display
device according to the present invention is not especially
limited as long as it includes at least one of the first step and
the second step. The production method may or may not
include other steps. In order to further simplify the produc-
tion, the method for producing a liquid crystal display device
of the present invention preferably includes both the first step
and the second step. The order and the timing of carrying out
the first step and the second step are not particularly limited.
The first step and the second step may be simultaneously
carried out; the first step may be first carried out and then the
second step may be carried out; or the second step may be first
carried out and then the first step may be carried out.

[0051] Preferably, the first birefringent layer satisfies
1.1=Nz(550)=2, and has an in-plane slow axis forming an
angle of 90° with the absorption axis of the first polarizer.
Such a layer contributes to a higher contrast ratio in a wide
viewing angle range (a viewing-angle compensation) without
reduction in the contrast ratio in the front direction. The liquid
crystal display device of such a structure is easily produced by
the aforementioned production method. As mentioned here,
the first birefringent layer may satisfy 1.1=Nz(550)=2, and
may have an in-plane slow axis (substantially) orthogonal to
the absorption axis of the first polarizer. The term “Nz (A)”
herein represents an Nz coefficient at a wavelength of A nm.
Assuming that the principal refractive index of a birefringent
layer in the in-plane direction is nx and ny (nx>ny) and the
principal refractive index thereof'in the out-of-plane direction
is nz, the Nz coefficient is defined as Nz=(nx-nz)/(nx-ny).
The first birefringent layer more preferably satisfies 1.2<Nz
(550)=1.6. The wavelength A for the measurements of the
principal refractive index, the retardation, and the like optical
characteristics herein is 550 nm unless otherwise mentioned.

[0052] Even in the case of birefringent layers each having
the same Nz coefficient, difference in the average refractive
indices (nx+ny+nz)/3 of the birefringent layers causes differ-
ence in effective retardations of the birefringent layers to
incident light from oblique directions due to refractive angles.
Thus, the design principle becomes complicated. In order to
avoid this problem, the average refractive index of each bire-
fringent layer is herein standardized to 1.5 for Nz coefficient
calculation, unless otherwise mentioned. For the birefringent
layer having an actual average refractive index of not 1.5, the
value is converted assuming that the average refractive index
is 1.5. The below-mentioned retardation Rxz is also standard-
ized in the same manner.
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[0053] Preferably, the second birefringent layer satisfies
-1=Nz(550)=-0.1, and has an in-plane slow axis forming an
angle of 0° with the absorption axis of the second polarizer.
Such a layer causes a higher contrast ratio in a wide viewing
angle range (a viewing-angle compensation) without reduc-
tion in the contrast ratio in the front direction. The liquid
crystal display device of such a structure is easily produced by
the aforementioned production method. As mentioned here,
the second birefringent layer may satisfy -1=Nz(550)=-0.
1, and may have an in-plane slow axis (substantially) parallel
to the absorption axis of the second polarizer. The second
birefringent layer more preferably satisfies —0.6=Nz(550)
=-02.

[0054] The present invention also relates to a liquid crystal
display device including, in the following order, a first polar-
izer, a first birefringent layer, a liquid crystal cell, a second
birefringent layer, and a second polarizer having an absorp-
tion axis orthogonal to the absorption axis of the first polar-
izer, wherein the first birefringent layer satisfies 1.1=Nz
(550)=2 and has an in-plane slow axis orthogonal to the
absorption axis of the first polarizer, and the second birefrin-
gent layer satisfies —~1=Nz(550)=-0.1 and has an in-plane
slow axis parallel to the absorption axis of the second polar-
izer. Such a liquid crystal display device achieves a higher
contrast ratio in a wide viewing angle range (a viewing-angle
compensation) without reduction in the contrast ratio in the
front direction. This liquid crystal display device may be
produced by any method, and may be produced by, for
example, the method for producing a liquid crystal display
device of the present invention.

[0055] As mentioned above, it is preferable that the liquid
crystal molecules in the liquid crystal cell are aligned perpen-
dicular to the substrate surface in the liquid crystal display
device, and thereby the liquid crystal display device displays
a black screen in order to reduce the number of protecting
films.

[0056] With respect to the mode for the liquid crystal dis-
play devices in which the liquid crystal molecules in the
liquid crystal cell are aligned perpendicular to the substrate
surface to display a black screen, examples thereof include
the TN mode, the ECB mode, the VA mode, and the OCB
mode. The first birefringent layer preferably satisfies 1.2=Nz
(550)=1.6. The second birefringent layer preferably satisfies
-0.6=Nz(550)=-0.2.

[0057] Inorder to achieve a higher contrast ratio in a wide
viewing angle range (a viewing-angle compensation) without
reduction in the contrast ratio in the front direction, the in-
plane slow axis of the first birefringent layer and the absorp-
tion axis of the first polarizer are basically required to form an
angle of 90° and the in-plane slow axis of the second bire-
fringent layer and the absorption axis of the second polarizer
are basically required to form an angle of 0°. Here, the in-
plane slow axis of the first birefringent layer and the absorp-
tion axis of the first polarizer may form an angle which
slightly deviates from 90°, and the in-plane slow axis of the
second birefringent layer and the absorption axis of the sec-
ond polarizer may form an angle which slightly deviates from
0°. This is because as follows.

[0058] In order to maintain the contrast ratio in the front
direction, it is required to (1) disable the birefringent layer in
the front direction. In order to compensate the viewing angle,
it is required to (2) enable the birefringent layer in oblique
directions.
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[0059] 1Inorder to satisfy the condition (1), the birefringent
layers and the polarizers are required to satisfy either of the
following axial relationships: (a) the optic axis of the polar-
izer and the optic axis of the birefringent layer are parallel
when viewed from the front direction (FIG. 12(a)); and (5) the
optic axis of the polarizer and the optic axis of the birefringent
layer are orthogonal when viewed from the front direction
(F1IG. 13(a)).

[0060] The term “optic axis” herein does not represent the
optic axis strictly used in crystal optics, and is defined as
follows. Assuming that the average value of the three princi-
pal refractive indices of the birefringent layer is calculated
and then the difference between each principal refractive
index and the average value is calculated, the principal axis
which corresponds to the principal refractive index having the
maximum absolute value of the difference is the “optic axis”
herein. Thus, an optically biaxial birefringent layer has not
two but a single “optic axis.” As mentioned here, the “optic
axis” of the biaxial birefringent layer corresponds to the optic
axis of the conventional definition when it is optically
approximated to a uniaxial birefringent layer.

[0061] In order to satisfy the condition (2), the axes are
required to satisfy not the relationship (a) but the relationship
(b). This is because as follows.

[0062] When light is incident into a laminate of the polar-
izers and the birefringent layers from an oblique direction, the
birefringent layer shows substantially no contribution in the
oblique direction in the case that the effective transmission
axis of the polarizer viewed from the oblique direction is
parallel to one of the vibrating directions in the two eigen-
modes of vibration of the birefringent layer (the vibrating
direction of the electrical potential displacement vector D) to
the incident light from the oblique direction. That is, in order
to enable the birefringent layer in the oblique direction, the
effective transmission axis of the polarizer viewed from the
oblique direction is required to be neither parallel nor perpen-
dicular to the vibrating direction in the eigenmodes of polar-
ization of the birefringent layer.

[0063] Inthe case that the optic axis of the polarizer and the
optic axis of the birefringent layer are parallel as in the con-
dition (a), the effective transmission axis of the polarizer is
parallel to one vibrating direction in the two eigenmodes of
vibration of the birefringent layer viewed from any direction,
as shown in FIG. 12(5). Thus, the birefringent layer is dis-
abled. In contrast, in the case that the optic axis of the polar-
izer and the optic axis of the birefringent layer are orthogonal
as in the condition (b), the effective transmission axis of the
polarizer is neither parallel nor orthogonal to the vibrating
direction in the eigenmodes of polarization of the birefringent
layer viewed from oblique directions, as shown in FIG. 13(5).
Thus, the birefringent layer is enabled.

[0064] The polarizer in the present invention preferably
includes a PVA film with a dichroic anisotropic material such
as an iodine complex adsorbed and aligned thereon, what is
called an O-type polarizer. The O-type polarizer absorbs light
vibrating in a specific direction in the plane of the element
(defined as the absorption axis), and transmits light vibrating
in the direction orthogonal to the absorption axis in the plane
of the element (defined as the transmission axis) and light
vibrating in the normal direction of the element. That is, the
O-type polarizer has one absorption axis and two transmis-
sion axes, and the optic axis of the O-type polarizer is along
the absorption axis.
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[0065] Thefirst birefringent layer satisfying Nz=1 serves as
auniaxial bireftingent layer and the in-plane fast axis thereof
serves as the optic axis. Here, in the case that the first bire-
fringent layer satisfies 1.1=Nz(550)=2, the optic axis
thereof is parallel to the in-plane slow axis. Thus, the in-plane
slow axis of the first birefringent layer and the absorption axis
of the first polarizer are basically required to form an angle of
90°. The angle may slightly deviate from 90° as long as the
viewing angle is compensated without reduction in the con-
trast ratio in the front direction. Specifically, an angle within
90°+1° contributes to sufficient effects of the present inven-
tion.

[0066] The second birefringent layer satisfying Nz=0
serves as a uniaxial birefringent layer and the axis orthogonal
to the in-plane slow axis (the in-plane fast axis) thereof serves
as the optic axis. Here, in the case that the second birefringent
layer satisfies -1=Nz(550)=-0.1, the optic axis thereof is
parallel to the in-plane fast axis. Thus, the in-plane slow axis
of the second birefringent layer and the absorption axis of the
second polarizer are basically required to form an angle of 0°.
The angle may slightly deviate from 0° as long as the viewing
angle is compensated without reduction in the contrast ratio
in the front direction. Specifically, an angle within 0°£1°
contributes to sufficient effects of the present invention.
[0067] As mentioned here, the present invention also
relates to the liquid crystal display device including, in the
following order, the first polarizer, the first birefringent layer,
the liquid crystal cell, the second birefringent layer, and the
second polarizer having the absorption axis orthogonal to the
absorption axis of the first polarizer, wherein the first bire-
fringent layer satisfies 1.1=Nz(550)=2 and has an in-plane
slow axis forming an angle of (substantially) 90° with the
absorption axis of the first polarizer, and the second birefrin-
gent layer satisfies —~1=Nz(550)=-0.1 and has an in-plane
slow axis forming an angle of (substantially) 0° with the
absorption axis of the second polarizer.

[0068] The liquid crystal display device of the present
invention is not especially limited as long as it essentially
includes the first polarizer, the second polarizer, the liquid
crystal cell, the first birefringent layer, and the second bire-
fringent layer as the components. The liquid crystal display
device may or may not include other components.

[0069] Preferable embodiments of the liquid crystal dis-
play device of the present invention are mentioned in detail
hereinbelow. The method for producing the liquid crystal
display device according to these preferable embodiments of
the present invention is not especially limited, and the liquid
crystal display device is easily produced by the method for
producing a liquid crystal display device of the present inven-
tion. That is, the method for producing a liquid crystal display
device of the present invention is appropriate for the produc-
tion of the liquid crystal display device of the present inven-
tion.

[0070] The first birefringent layer preferably includes a
material with positive intrinsic birefringence. Such a layer
enables easy production of the liquid crystal display device of
the present invention by the method for producing a liquid
crystal display device of the present invention. Thus, the
performance and productivity of the liquid crystal display
device of the present invention are improved.

[0071] The second birefringent layer preferably includes a
material with negative intrinsic birefringence. Such a layer
enables easy production of the liquid crystal display device of
the present invention by the method for producing a liquid
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crystal display device of the present invention, Thus, the
performance and productivity of the liquid crystal display
device of the present invention are improved.

[0072] Theliquid crystal display device preferably satisfies
0=Nz'(550)=1 wherein Nz'(550) represents an arithmetic
mean between Nz(550) of the first birefringent layer and
Nz(550) of the second birefringent layer. This enables pref-
erable retention of the orthogonality between the first polar-
izer and the second polarizer even in oblique directions. Thus,
astill higher contrast ratio is achieved in a wide viewing angle
range. In order to preferably maintain the orthogonality
between the first polarizer and the second polarizer even in
oblique directions, the liquid crystal display device more
preferably satisfies 0.3=Nz'(550)=0.7, further preferably
satisfies 0.4=Nz'(550)=0.6, and particularly preferably sat-
isfies Nz'(550)=0.5.

[0073] At least one of the first birefringent layer and the
second birefringent layer satisfies preferably IRxy(550)
|=130 nm, more preferably [Rxy(550)I=110 nm, and further
preferably [Rxy(550)I=100 nm. It is more preferable that
both of the first birefringent layer and the second birefringent
layer satisfy IRxy(550)|=130 nm, further preferable that they
satisfy IRxy(550)I=110 nm, and particularly preferable that
they satisfy IRxy(550)I=100 nm. Reasons for this are as
follows. The smaller the value of IRxy(550)! is, the more
easily the layers each are allowed to serve as a film satisfying
IRxy(450)|=IRxy(550)| =IRxy(650) (a retardation film with
reverse wavelength dispersion). The retardation film with
reverse wavelength dispersion prevents coloring upon dis-
playing a black screen in a wide viewing angle range, and
enables liquid crystal display with a higher contrast ratio.
[0074] The preferable embodiments of the liquid crystal
display device are classified as follows according to the dif-
ference between the degrees of biaxiality of the first and
second birefringent layers. In the case of serving as a uniaxial
birefringent layer, the first birefringent layer satisfies Nz=1,
and the second birefringent layer satisfies Nz=0. Thus, the
biaxial parameter ANzl of the first birefringent layer is
defined as INz(550)-11, and the biaxial parameter ANz2 of
the second birefringent layer is defined as INz(550)I. Here,
the first birefringent layer satisfies 1.1=Nz(550)=2 and the
second birefringent layer satisfies -1 =Nz(550)=-0.1. Thus,
the liquid crystal display device satisfies 0.1=ANz1=1 and
0.1=ANz2=1. In this case, the preferable embodiments of
the liquid crystal display device include (1) an embodiment
satisfying ANz1=ANz2, (2) an embodiment satisfying

ANz1<ANz2, and (3) an embodiment satisfying
ANz1>ANz2.
[0075] Inthe embodiment (1), the firstand second birefrin-

gent layers have the same degree of biaxiality, and Nz' (550)
=0.5 is satisfied. In this embodiment, the first and second
birefringent layers each require a retardation IRxy(550)!
almost equal to each other, and the retardations can be low.
Thus, at least one of the first and second birefringent layers
are allowed to serve as a film satisfying IRxy(450)=IRxy
(550)I=IRxy(650)! (a retardation film with reverse wave-
length dispersion). This results in prevention of coloring upon
displaying a black screen in a wide viewing angle range, and
enables liquid crystal display with a higher contrast ratio.
FIG. 14 and Table 1 show the relationship between ANzl,
ANz2, and an optimum [Rxy(550)l in the case that
ANz1=ANz2 is satisfied (in the figure, “W” represents the first
birefringent layer and “A” represents the second birefringent
layer).
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TABLE 1

First birefringent layer Second birefringent layer

ANzl, ANz2  cptimum Rxy(550) | (nm)  optimum Rxy(550) | (nm)
0 92 92
0.1 87 87
0.3 80 30
0.4 77 77
0.5 74 74
1 64 64
4 41 41
5 38 38
10 29 29
[0076] FIG. 14 and Table 1 show that IRxy(550)! of less

than 64 nm may cause failure in obtaining the effects of the
present invention even in the case of the maximum ANz1 and
ANz72 (ANz1=ANz72=1), while IRxy(550)I of higher than 87
ran may cause failure in obtaining the effects of the present
invention even in the case of the minimum ANzl and ANz2
(ANz1=ANz2=b 0.1).

[0077] In the embodiment (2), the first birefringent layer
has a relatively low biaxial parameter and the second bire-
fringent layer has a relatively high biaxial parameter. In this
embodiment, the second birefringent layer requires a lower
retardation Rxy(550)! as compared with the embodiment (1).
Thus, the second birefringent layers is allowed to serve as a
film satisfying [Rxy(450)I=IRxy(550)I=Rxy(650)I (a retar-
dation film with reverse wavelength dispersion). This results
in prevention of coloring upon displaying a black screen in a
wide viewing angle range, and enables liquid crystal display
with a higher contrast ratio. FIG. 15 and Table 2 show the
relationship between ANzl, ANz2, and an optimum [Rxy
(550)! in the case that ANz1=0 and 0<ANZ2 are satisfied (in
the figure, “W” represents the first birefringent layer and “A”
represents the second birefringent layer).

TABLE 2

First birefringent layer Second birefringent layer

ANzl, ANz2  optimum Rxy(550) | (nm)  optimum [Rxy(550) | (nm)
0 92 92
0.1 96 83
0.3 103 70
0.4 106 64
0.5 108 60
1 116 45
4 129 18
5 131 15
10 134 8
[0078] The present invention satisfies 0.1=ANzl. The

closerthe value of ANzl is to the value of ANz2, the closerthe
invention is to the embodiment (1) (ANz1=ANz2). Thus, in
the embodiment (2), the optimum IRxy(550)! for each of
ANzl and ANz2 is presumably between the optimum IRxy
(550)! obtained from Table 1 and the optimum IRxy(550)I
obtained from Table 2.

[0079] In the embodiment (3), the first birefringent layer
has a relatively high biaxial parameter and the second bire-
fringent layer has a relatively low biaxial parameter. In this
embodiment, the first birefringent layer requires a lower
retardation IRxy(550)! as compared with the embodiment (1).
Thus, the first birefringent layers is allowed to serve as a film
satisfying IRxy(450)I=IRxy(550)I=Rxy(650)! (a retarda-
tion film with reverse wavelength dispersion). This results in
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prevention of coloring upon displaying a black screen in a
wide viewing angle range, and enables liquid crystal display
with a higher contrast ratio. FIG. 16 and Table 3 show the
relationship between ANzl, ANz2, and an optimum [Rxy
(550)! in the case that ANz2=0 and 0<ANz] are satisfied (in
the figure, “W” represents the first birefringent layer and “A”
represents the second birefringent layer).

TABLE 3

First birefringent layer Second birefringent layer

71, ANZ optimum [Rx ) | (nm optimum 5 nm
2 optimum Rxy(550) | ptimum |Rxy(550) |
0 92 92
0.1 83 96
0.3 70 103
04 64 106
0.5 60 108
1 45 116
4 18 129
5 15 131
10 8 134
[0080] The present invention satisfies 0.1=ANzl. The

closer the value of ANz2 to the value of ANzl1, the closer the
invention is to the embodiment (1) (ANz1=ANz2). Thus, in
the embodiment (3), the optimum IRxy(550)! for each of
ANzl and ANz2 is presumably between the optimum [Rxy
(550)! obtained from Table 1 and the optimum [Rxy(550)I
obtained from Table 3.

[0081] At least one of the first birefringent layer and the
second birefringent layer preferably satisfies IRxy(450)
I=IRxy(550)| =IRxy(650)I. In this case, at least one of the
first birefringent layer and the second birefringent layer is a
retardation film with reverse wavelength dispersion. Thus,
coloring upon displaying a black screen is prevented in a wide
viewing angle range, and liquid crystal display with a higher
contrast ratio is achieved.

[0082] The terms “Rxy(A)” and “Rxz())” herein represent
the retardations Rxy and Rxz at a wavelength of A nm.
Assuming that the thickness of the birefringent layer is d, Rxy
is defined as Rxy=(nx-ny)xd (unit: nm) and Rxz is defined as
Rxz=(nx-nz)xd (unit: nm).

[0083] The term “in-plane slow axis of the birefringent
layer” herein represents the direction of principal dielectric
axis (x-axis direction) corresponding to the principal refrac-
tive index nx.

[0084] The liquid crystal display device more preferably
satisfies a'=1 and 1=f', wherein o' represents an arithmetic
mean between the wavelength dispersibility of the first bire-
fringent layer al=Rxy(450)/Rxy(550) and the wavelength
dispersibility of the second birefringent layer o2=Rxy(450)/
Rxy(550), and f' represents an arithmetic mean between the
wavelength dispersibility of the first birefringent layer
P1=Rxy(650)/Rxy(550) and the wavelength dispersibility of
the second birefringent layer f2=Rxy(650)/Rxy(550). This
allows the effective condition of wavelength dispersion to be
reverse wavelength dispersion in the two birefringent layers
(the first and second birefringent layers) placed between the
two polarizers (the first and second polarizers) at crossed
Nicols. Thus, coloring upon displaying a black screen is
further prevented. It is more preferable that both of the first
and second birefringent layers satisfy IRxy(450)I=[Rxy
(550)I=IRxy(650)I.

[0085] Preferably, the liquid crystal display device displays
a black screen by aligning liquid crystal molecules in the
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liquid crystal cell perpendicular to the substrate surface, and
has a third birefringent layer satisfving Rxy=10 nm and
Rx7z100 nm between the first polarizer and the second
polarizer. Such a layer cancels excessive retardation of the
liquid crystal cell in oblique directions upon displaying a
black screen. Thus, coloring upon displaying a black screen is
further prevented in a wide viewing angle range, and liquid
crystal display with a still higher contrast ratio is achieved.
[0086] The third birefringent layer preferably satisfies 0
nm=Rxy=10 nm and 100 nm=Rxz=400 nm. In order to
effectively achieve the effects of the present invention, the
third birefringent layer is preferably disposed adjacent to the
liquid crystal cell.

[0087] Thephrase “disposed adjacent to” herein means that
no birefringent medium is disposed between the liquid crystal
cell and the third birefringent layer. In one embodiment, for
example, an isotropic film may be disposed between the third
birefringent layer and the liquid crystal cell.

EFFECTS OF THE INVENTION

[0088] The method for producing a liquid crystal display
device of the present invention makes it possible to easily
produce a liquid crystal display device at low cost. In the
liquid crystal display device, a higher contrast ratio is
achieved in a wide viewing angle range.

BEST MODE FOR CARRYING OUT THE
INVENTION

(Birefringent Layer)

[0089] With respect to the birefringent layers used in the
present invention, the Specific materials and optical charac-
teristics other than the intrinsic birefringence or Nz(550) are
not especially limited. Examples of the materials include thin
plates made of inorganic materials, stretched polymer films,
and ones in which alignment ofliquid crystalline molecules is
fixed. The method for producing the birefringent layer will be
mentioned later. The following will in more detail describe
the birefringent layers classified by types.

(First Birefringent Layer)

[0090] The first birefringent layer may include a conven-
tional material such as one formed by stretching a polymer
film with positive intrinsic birefringence. Examples of the
polymer film material with positive intrinsic birefringence
include polycarbonate, polysulfone, polyether sulfone, poly-
ethylene terephthalate, polyethylene, polyvinyl alcohol, nor-
bornene, triacetyl cellulose, and diatyl cellulose.

(Second Birefringent Layer)

[0091] The second birefringent layer may include a con-
ventional material such as one formed by stretching a poly-
mer film with negative intrinsic birefringence and one formed
by stretching a resin film with positive intrinsic birefringence
under the influence of contractile force of a thereto-shrink-
able film. For simplification of the production method, one
formed by stretching a polymer film with negative intrinsic
birefringence is preferable. Examples of the polymer film
material with negative intrinsic birefringence include poly-
styrene, polyvinyl naphthalene, polyvinyl biphenyl, polyvi-
nyl pyridine, polymethyl methacrylate, polymethyl acrylate,
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an N-substituted maleimide copolymer, and fluorene skel-
eton-containing polycarbonate.

(Third Birefringent Layer)

[0092] The third birefringent layer may include a conven-
tional material such as one formed by stretching a polymer
film with positive intrinsic birefringence, one coated with a
liquid crystalline compound e.g. a chiral nematic liquid crys-
tal and a discotic liquid crystal, and one coated with a non-
liquid crystalline compound including a polymer e.g. poly-
imide and polyimide.

(Polarizer)

[0093] The polarizer may include a conventional material
such as a polyvinyl alcohol (PVA) film with a dichroic aniso-
tropic material such as an iodine complex adsorbed and
aligned thereon.

(Liquid Crystal Cell)

[0094] The liquid crystal cell may be a conventional one.
Examples of the liquid crystal display panel include liquid
crystal cells with a mode such as the TN mode, the ECB
mode, the VA mode, the OCB mode, or the IPS mode. The VA
mode includes the MVA mode, the PVA mode, the BVA
mode, the Reverse TN mode, and the like.

(Method for Measuring Retardations Rxy(550) and Rxz
(550))

[0095] The retardations were measured with a spectro-
scopic ellipsometer (M-220, JASCO Corp.). Rxy(550) was
measured from the normal direction of the retardation film.
Rxz(550) was calculated by curve fitting with a known index
ellipsoid. For the calculation, retardations of the retardation
film were measured from the normal direction, the direction
with an inclination angle of 40° from the normal direction,
and the direction with an inclination angle of -40° from the
normal direction. Azimuths of the inclinations each were
made orthogonal to the in-plane slow axis.

(Method for Measuring Nz, nx, ny, and nz)

[0096] Nz, nx, ny, and nz were measured with a dual-rotat-
ing retarder polarimeter (Axe-scan, Axometrics, Inc.). Nz,
nx, ny, and nz were calculated by curve fitting with a known
index ellipsoid. For the calculation, retardations of the bire-
fringent layer were measured from the normal direction and
the directions each with an inclination angle of -50° to 50°
from the normal direction. Azimuths of the inclinations each
were made orthogonal to the in-plane slow axis. Nz, nx, ny,
and nz depend on the average refractive index=(nx+ny+nz)/3,
which is given as the condition for the curve fitting calcula-
tion. Here, the average refractive index of each birefringent
layer was set to 1.5. Even in the case of the birefringent layer
having an actual average refractive index of not 1.3, the aver-
age refractive index was converted into 1.5.

(Method for Measuring Viewing Angle Dependence of Con-
trast of Liquid Crystal Display Device)

[0097] The viewing angle dependence of contrast was mea-
sured with a viewing angle measuring apparatus (EZContrast
160, ELDIM). The light source was a backlight mounted on a
liquid crystal television (LC37-GH1, SHARP Corp.). Bright-
nesses upon displaying a white screen and a black screen were
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measured in the oblique direction with an azimuth angle of
45° and an inclination angle of 60°. The ratio thereof was
regarded as CR (45, 60).

[0098] The present invention is mentioned in more detail
showing embodiments but not limited to these embodiments.

Embodiment 1

[0099] FIG. 1 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Embodiment 1.

[0100] AsshowninFIG. 1, theliquid crystal display device
of Embodiment 1 according to the present invention is a VA
liquid crystal display device 100a produced by stacking a
TAC film 104a, a first polarizer 11a, a first birefringent layer
21a including a material with positive intrinsic birefringence,
a third birefringent layer 23a, a VA liquid crystal cell 50q, a
second birefringent layer 224 including a material with nega-
tiveintrinsic birefringence, a second polarizer 12a, anda TAC
film 20a, in this order. The optical characteristics and axial
designs of the birefringent films, the polarizers, and the liquid
crystal cell of the present embodiment are as shown in Table
4. The VA liquid crystal cell 50a includes a back-side sub-
strate 1a, a viewing-side substrate 2a which is opposite to the
substrate 1a, and a liquid crystal layer which is disposed
between the substrates 1a and 2 and which contains liquid
crystal molecules 3a. Each of the liquid crystal molecules 3a
is aligned so that the longitudinal axis L is almost vertical to
the substrates 1a and 24 when no voltage is applied.

[0101] Table 4 does not show the optical characteristics of
the TAC films disposed outside the polarizer (the side closer
to the liquid crystal cell is defined as the inside, and the side
farther therefrom is defined as the outside) because the out-
side TAC films have no influence on the optical characteristics
of the liquid crystal display device if only they are transparent
films. The same is applied to the following embodiments. In
the table, the axis of each birefringent layer is defined by the
azimuth angle of the in-plane slow axis, and the axis of each
polarizer is defined by the absorption axis. In the table, the
name of the material and the intrinsic birefringence (birefrin-
gence) An of each birefringent layer are indicated by means of
the following abbreviations.

[0102] PMMA: polymethylmethacrylate (intrinsic bire-
fringence An: -)

[0103] NB: norbornene (intrinsic birefringence An: +)
[0104] TAC: triacetyl cellulose (intrinsic birefringence An:
+ in general, depending on the degree of acetylation)

[0105] Z: isotropic film (intrinsic birefringence An: +)
[0106] G: resin film with reverse dispersibility (intrinsic
birefringence An: +)

[0107] PC: polycarbonate (intrinsic birefringence An: +)
[0108] NM: N-substituted maleimide copolymer (intrinsic
birefringence An: -)

[0109] ChLC: cholesteric liquid crystal (birefringence An:
-)
[0110] In the table, c, B, o', and p' are represented. by the
following formulas (1) to (4).
a=Rxp(450)I/IRxp(550)| )]
B=IRxy(630))/ |Rxy(550)| @
a'=(al+a2)/2 (3)
p=(p1+p2)/2 4
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[0111] Here, ol and o2 are as of the first birefringent layer
and the second birefringent layer, respectively, while f1 and
2 are s of the first birefringent layer and the second bire-
fringent layer, respectively.

[0112] The following will describe a method for producing
the liquid crystal display device of Embodiment 1.

(1) Production of Roll Materials

[0113] First, rolls of the TAC films 10a and 20a, a roll of the
first birefringent layer 21a, a roll of the second birefringent
layer 22a, and a roll of the third birefringent layer 23a are
produced.

[0114] Specifically, the rolls of the TAC films 10a and 20a,
and the roll of the third birefringent layer 23a are produced by
melt casting (casting) or the like techniques.

[0115] As shown in FIG. 2(a), the roll of the first birefrin-
gent layer 214 1s produced as follows: a raw film 71a for the
first birefringent layer including a material with positive
intrinsic birefringence is laterally stretched (stretched in the
roll-width direction) at a unit 71 for imparting the retardation
function, and then the stretched film is rolled up.

[0116] As shown in FIG. 2(d), the roll of the second bire-
fringent layer 22a is produced as follows: a raw film 724 for
the second birefringent layer including a material with nega-
tive intrinsic birefringence is laterally stretched (stretched in
the roll-width direction) at a unit 72 for imparting the retar-
dation function, and then the stretched film is rolled up.

(2) Bonding by Roll-to-Roll Processing

[0117] As shown in FIG. 2(b), a raw film 73a for the first
polarizer is longitudinally stretched (stretched in the roll-flow
direction) at a unit 73 for imparting the polarization function,
and thereby a first polarizer 11a is produced; while an adhe-
sive is applied to the TAC film 10q at an adhesive-applying
unit 74. The first polarizer 11a and the TAC film 10a are
continuously bonded via the adhesive by roll-to-roll process-
ing at a bonding unit 75a, and then the bonded material is
rolled up (a roll material 90 is produced).

[0118] As shown in FIG. 2(c), an adhesive is applied to the
first birefringent layer 21a at an adhesive-applying unit 76.
The first polarizer 90 with the TAO film bonded thereto and
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the first birefringent layer 21a are continuously bonded via
the adhesive by roll-to-roll processing at a bonding unit 754,
and then the bonded material is rolled up (a roll material 91 is
produced).

[0119] Similarly, the first birefringent layer 21a with the
first polarizer 11a and other films bonded thereto and the third
birefringent layer 23a are continuously bonded via the adhe-
sive by roll-to-roll processing. The first polarizing plate 80a
thus obtained is dried and then rolled up.

[0120] Asshown in FIG. 2(e), a raw film 77a for the second
polarizer is longitudinally stretched at a unit 77 for imparting
the polarization function, and thereby a second polarizer 124
is produced; while an adhesive is applied to a TAC film 20q at
an adhesive-applying unit 78. The second polarizer 12a and
the TAC film 20q are continuously bonded via the adhesive by
roll-to-roll processing at a bonding unit 75¢, and then the
bonded material is rolled up (a roll material 92 is produced).
[0121] As shown in FIG. 2(f), an adhesive is applied to a
second birefringent layer 22a at an adhesive-applying unit 79.
The second polarizer 92 with the TAC film bonded thereto
and the second birefringent layer 22a are continuously
bonded via the adhesive by roll-to-roll processing at a bond-
ing unit 754. The second polarizing plate 81a thus obtained is
dried and then rolled up.

(3) Attachment to Liquid Crystal Cell

[0122] Release films (such as PET films) are peeled off
from the first and second polarizing plates 80a and 81a, and
the polarizing plates each are attached to a VA liquid crystal
cell 50a via pressure-sensitive adhesive on the polarizing
plates. Thereby, the liquid crystal display device of Embodi-
ment 1 is completed.

Embodiments 2 to 5

[0123] The liquid crystal display devices of Embodiments
2 to 5 according to the present invention each are almost the
same liquid crystal display device of Embodiment 1 except
that the values of ANz1 and ANz2 (each has the same value)
are changed to 0.1, 0.2, 0.6, and 1.0, respectively. Table 4
shows the optical characteristics and axial designs of the
birefringent films, the polarizers, and the liquid crystal cells
of the present embodiments.

TABLE 4
Material Angle [IRxy(550)] Rxz(550) CR AE
Optical components (Am) [°] [nm] [nm] Nz(550) «a p a' B (45,60) (45,60)
Embodiment 1 Second polarizer 0 1.03  0.99 74 0.13
Second birefringent layer PMMA(-) 0 80 =24 -0.3 1.05 098
VA liquid crystal cell 320 1.05 097
Third birefringent layer ~ NB(+) 5 305 1.00  1.00
First birefringent layer ~ NB(+) 0 80 104 1.3 1.00 1.00
First polarizer 90
Embodiment 2 Second polarizer 0 1.03 099 77 0.13
Second birefringent layer PMMA(-) 0 87 -11 -01 1.05 098
VA liquid crystal cell 320 1.05 097
Third birefringent layer ~ NB(+) 5 305 1.00  1.00
First birefringent layer NB(+) 0 87 94 1.1 1.00  1.00
First polarizer 90
Embodiment 3 Second polarizer 0 1.03 0.99 75 0.14
Second birefringent layer PMMA(-) 0 83 -17 -02 1.05 098
VA liquid crystal cell 320 1.05 097
Third birefringent layer ~ NB(+) 3 305 1.00 1.00
First birefringent layer NB(+) 0 83 100 1.2 1.00 1.00
First polarizer 90
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TABLE 4-continued
Material Angle [Rxy(550)| Rxz(550) CR AE
Optical components (An) [°1 [nm] [nm]  Nz(530) «a p o B (45,60) (45,60)
Embodiment 4 Second polarizer 0 1.03 099 72 0.17
Second birefringent layer PMMA(-) 0 72 -44 -0.6 1.05 098
VA liquid crystal cell 320 1.05 097
Third birefringent layer ~ NB(+) 5 305 1.00 1.00
First birefringent layer NB(+) 0 72 117 1.6 1.00 1.00
First polarizer 90
Embodiment 5 Second polarizer 0 1.03 099 70 0.18
Second birefringent layer PMMA(-) 0 65 -66 -1.0  1.05 098
VA liquid crystal cell 320 1.05 097
Third birefringent layer =~ NB(+) 5 305 1.00  1.00
First birefringent layer ~ NB(+) 0 65 133 2.0 100 1.00
First polarizer 90
Embodiment 6
[0124] The liquid crystal display device of Embodiment 6
according to the present invention is almost the same liquid
crystal display device of Embodiment 1 except that the mate-
rial of the second birefringent layer is changed. Table 5 shows
the optical characteristics and axial designs of the birefrin-
gent films, the polarizers, and the liquid crystal cell of the
present embodiment.
TABLE 5
Material Angle  IRxy(550)] Rxz(550) CR AE
Optical components (An) ] [nm] [nm]  Nz(550) «a p o B (45,60) (45,60)
Embodiment 6 Second polarizer 0 1.03 099 73 0.14
Second birefringent layer NM(-) 0 80 =25 -0.3 1.06  0.97
VA liquid erystal cell 320 1.05 097
Third birefringent layer ~ NB(+) 5 305 1.00  1.00
First birefringent layer NB(+) 0 80 100 13 1.00  1.00
First polarizer 90
Embodiment 7 rial of the first birefringent layer is changed to a material

[0125] The liquid crystal display device of Embodiment 7
according to the present invention is almost the same liquid
crystal display device of Embodiment 1 except that the mate-

showing reverse wavelength dispersibility. Table 6 shows the
optical characteristics and axial designs of the birefringent
films, the polarizers, and the liquid crystal cell of the present
embodiment.

TABLE 6
Material Angle IRxy(550)] Rxz(550) CR AE

Optical components (Am) [°] [nm] [nm] Nz(550) «a p a' B (45, 60) (45,60)
Embodiment 7 Second polarizer 0 0.98 1.01 76 0.08

Second birefringent layer PMMA(-) 0 80 -24 -03  1.05 098

VA liquid crystal cell 320 1.05 097

Third birefringent layer ~ NB(+) 5 305 .00 1.00

First birefringent layer G(+) 0 80 104 13 091 1.03

First polarizer 90




US 2011/0051062 Al Mar. 3, 2011

12
Embodiment 8
[0126] The liquid crystal display device of Embodiment 8
according to the present invention is almost the same liquid
crystal display device of Embodiment 1 except that the device
satisfies ANz1<ANz2 (ANz1=0.1, ANz2=0.3). Table 7 shows
the optical characteristics and axial designs of the birefrin-
gent films, the polarizers, and the liquid crystal cell of the
present embodiment.
TABLE 7
Material Angle [Rxy(550)| Rxz(550) CR AE

Optical components (An) Ml [nm] [nm] Nz(550) a [§ o B (45,60) (45,60)
Embodiment 8 Second polarizer 0 1.03 099 72 0.17

Second birefringent layer PMMA(-) 0 70 -20 -03  1.05 098

VA liquid crystal cell 320 1.05 097

Third birefringent layer ~ NB(+) 5 305 1.00 1.00

First birefringent layer =~ NB(+) 0 1.02 117 1.1 100 1.00

First polarizer 90

Embodiment 9
[0127] The liquid crystal display device of Embodiment 9
according to the present invention is almost the same liquid
crystal display device of Embodiment 1 except that the device
satisfies ANz1>ANz2 (ANz1=0.3, ANz2=0.1). Table 8 shows
the optical characteristics and axial designs of the birefrin-
gent films, the polarizers, and the liquid crystal cell of the
present embodiment.
TABLE 8
Material Angle IRxy(550)1 Rxz(550) CR AR

Optical components (An) [°1 [nm] [nm] Nz(550) «a B o B (45,60) (45,60)
Embodiment 9 Second polarizer 0 1.03 099 71 0.16

Second birefringent layer PMMA(-) 0 120 -10 -0.1 1.05 098

VA liquid crystal cell 320 1.05 097

Third birefringent layer ~ NB(+) 5 305 1.00  1.00

First birefringent layer NB(+) 0 70 90 13 1.00  1.00

First polarizer 90

Embodiment 10

[0128] In the liquid crystal display device of Embodiment
10 according to the present invention, the ANz1 of the first
birefringent layer is made higher than that of Embodiment 9.
Table 9 shows the optical characteristics and axial designs of
the birefringent films, the polarizers, and the liquid crystal
cell of the present embodiment.

TABLE 9
Material Angle [Rxy(550)| Rxz(550) CR AE
Optical components (An) [°1 [nm] [nm]  Nz(550) a B o B (45,60) (45,60)
Embodiment 10 Second polarizer 0 1.03 098 69 0.17
Second birefringent layer PMMA(-) 0 110 -10 -0.1  1.05 098
VA liquid crystal cell 320 1.05 097
Third birefringent layer ~ NB(+) 5 305 1.00 1.00
First birefringent layer NB(+) 0 60 92 1.5 1.00  1.00

First polarizer 90
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Embodiment 11

[0129] Theliquid crystal display device of Embodiment 11
according to the present invention is almost the same liquid
crystal display device of Embodiment 10 except that the
material of the first birefringent layer is changed to a material
showing reverse wavelength dispersibility. Table 10 shows
the optical characteristics and axial designs of the birefrin-
gent films, the polarizers, and the liquid crvstal cell of the
present embodiment.

TABLE 10
Material Angle IRxy(550)1 Rxz(550) CR AR
Optical components (An) [°1 [nm] [nm]  Nz(550) a B o B (45,60) (45,60)
Embodiment 11 Second polarizer 0 098 1.01 77 0.09
Second birefringent layer PMMA(-) 0 110 -10 -0.1 1.05  0.96
VA liquid crystal cell 320 1.05 097
Third birefringent layer =~ NB(+) 5 305 1.00  1.00
First birefringent layer G(+) 0 60 90 1.5 091 1.03

First polarizer 90

Embodiment 12

[0130] Theliquid crystal display device of Embodiment 12
according to the present invention is almost the same liquid
crystal display device of Embodiment 1 except that the mate-
rial of the second birefringent layer is changed to a material
with positive intrinsic birefringence. Table 11 shows the opti-
cal characteristics and axial designs of the birefringent films,
the polarizers, and the liquid crystal cell of the present

embodiment.
TABLE 11
Material Angle [Rxy(550)1 Rxz(550) CR AE

Optical components (An) Ml [nm] [nm] Nz(550) a [§ o B (45,60) (45,60)
Embodiment 12 Second polarizer 0 1.00  1.00 76 0.11

Second birefringent layer NB(+) 0 80 -24 -0.3  1.00 1.00

VA liquid crystal cell 0 320 1.05 097

Third birefringent layer ~ NB(+) 5 305 1.00 1.00

First birefringent layer ~ NB(+) 0 80 104 13 100 1.00

First polarizer 90

Embodiment 13 material of the first birefringent layer is changed to a material

showing reverse wavelength dispersibility. Table 12 shows
[0131] Theliquid crystal display device of Embodiment 13 the optical characteristics and axial designs of the birefrin-
according to the present invention is almost the same liquid gent films, the polarizers, and the liquid crystal cell of the
crystal display device of Embodiment 12 except that the present embodiment.

TABLE 12
Material Angle IRxy(550)] Rxz(550) CR AE
Optical components (An) 1 [nm] [nm] Nz(550) a 4 a' B (45,60) (45,60)
Embodiment 13 Second polarizer 0 0.96 1.02 72 0.08
Second birefringent layer NB(+) 0 80 -24 -03 1.00  1.00
VA liquid crystal cell 320 1.05 097
Third birefringent layer ~ NB(+) 5 305 1.00  1.00
First birefringent layer G(+) 0 80 104 13 091 1.03

First polarizer 90
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Embodiment 14
[0132] Theliquid crystal display device of Embodiment 14
according to the present invention is almost the same liquid
crystal display device of Embodiment 12 except that the
material of the second birefringent layer is changed to a
material showing reverse wavelength dispersibility. Table 13
shows the optical characteristics and axial designs of the
birefringent films, the polarizers, and the liquid crystal cell of
the present embodiment.
TABLE 13
Material Angle IRxy(550)1 Rxz(550) CR AR

Optical components (An) [°1 [nm] [nm]  Nz(550) a B o B (45,60) (45,60)
Embodiment 1 4 Second polarizer 0 096 1.02 71 0.07

Second birefringent layer G(+) 0 80 -24 -03 091 1.03

VA liquid crystal cell 320 1.05 097

Third birefringent layer =~ NB(+) 5 305 1.00  1.00

First birefringent layer NB(+) 0 80 104 13 1.00  1.00

First polarizer 90

Embodiment 15 [0137] AsshowninFIG. 4, theliquid crystal display device

[0133] Theliquid crystal display device of Embodiment 15
according to the present invention is almost the same liquid
crystal display device of Embodiment 12 except that the
materials of the first and second birefringent layers each are
changed to a material showing reverse wavelength dispers-
ibility. Table 14 shows the optical characteristics and axial
designs of the birefringent films, the polarizers, and the liquid
crystal cell of the present embodiment.

of Comparative Embodiment 2 is a VA liquid crystal display
device 200c¢ produced by stacking a TAC film 10¢, a first
polarizer 11¢, a biaxial retardation film 60c, a VA liquid
crystal cell 50¢, a TAC film 20c, a second polarizer 12¢, and
a TAC film 30c¢, in this order. Table 15 shows the optical
characteristics and axial designs of the birefringent films, the
polarizers, and the liquid crystal cell of the present compara-
tive embodiment.

TABLE 14
Material ~ Angle [Rxy(550)] Rxz(550) CR AR

Optical components (An) [°1 [nm] [nm]  Nz(530) «a B o B (45,60) (45, 60)
Embodiment 15 Second polarizer 0 091 1.03 74 0.03

Second birefringent layer G(+) 0 80 -24 -03 091 1.03

VA liquid crystal cell 320 1.05 097

Third birefringent layer ~ NB(+) 5 305 1.00 1.00

First birefringent layer  G(+) 0 80 104 13 091 1.03

First polarizer 90

Comparative Embodiment 1 Comparative Embodiment 3

[0134] FIG. 3 is a perspective view that schematically
shows the structure of the liquid crystal display device of [0138] FIG. 5 is a perspective view that schematically

Comparative Embodiment 1.

[0135] Asshown in FIG. 3, theliquid crystal display device
of Comparative Embodiment 1 is a VA liquid crystal display
device 2005 produced by stacking a TAC film 105, a first
polarizer 115, a TAC film 205, a VA liquid crystal cell 505, a
TAC film 305, a second polarizer 125, and a TAC film 405, in
this order. Table 15 shows the optical characteristics and axial
designs of the birefringent films, the polarizers, and the liquid
crystal cell of the present comparative embodiment.

Comparative Embodiment 2

[0136] FIG. 4 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Comparative Embodiment 2.

shows the structure of the liquid crystal display device of
Comparative Embodiment 3.

[0139]
of Comparative Embodiment 3 is a VA liquid crystal display
device 200d produced by stacking a TAC film 104, a first
polarizer 114, a first biaxial retardation film 604, a VA liquid
crystal cell 504, a second biaxial retardation film 614, a sec-
ond polarizer 12d, and a TAC film 204, in this order. Table 15
shows the optical characteristics and axial designs of the

As shown in FIG. 5, the liquid crystal display device

birefringent films, the polarizers, and the liquid crystal cell of
the present comparative embodiment.
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TABLE 15
Material  Angle [Rxy(550)] Rxz(550) CR AE

Optical components (An) 7 [nm] [nm] Nz(550) «a B o P (45 60) (45,060)
Comparative Second polarizer 0 20 0.10
Embodiment 1  TAC film TAC(+) 1 55 0.81 111

VA liquid crystal cell 0 320 1.05 097

TAC film TAC(+) 1 55 0.81 111

First polarizer 90
Comparative Second polarizer 0 70 0.22
Embodiment 2 TAC film TAC(+) 0 1 55 0.81 1.11

VA liquid crystal cell 0 320 1.05 097

Biaxial retardation film  NB(+) 0 60 250 1.00  1.00

First polarizer 90
Comparative  Second polarizer 0 75 0.18
Embodiment 3 Biaxial retardation film  NB(+) 90 55 120 1.00  1.00

VA liquid crystal cell 0 320 1.05 097

Biaxial retardation film  NB(+) 0 55 120 1.00  1.00

First polarizer 90

Reference Embodiment 1

[0140] FIG. 6 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Reference Embodiment 1.

[0141] Asshown inFIG. 6, theliquid crystal display device
of Reference Embodiment 1 is a VA liquid crystal display
device 200e produced by stacking a TAC film 10e, a first
polarizer 11e, a negative C plate 23e, a VA liquid crystal cell
50¢, a positive A plate 21e, a second polarizer 12e, and a TAC
film 20e, in this order. Table 16 shows the optical character-
istics and axial designs of the birefringent films, the polariz-
ers, and the liquid crystal cell of the present reference
embodiment.

Reference Embodiment 2

[0142] FIG. 7 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Reference Embodiment 2.

[0143] Asshown in FIG. 7, the liquid crystal display device
of Reference Embodiment 2 is a VA liquid crystal display

device 200f produced by stacking a TAC film 10f, a first
polarizer 11/, a negative C plate 23/, a VA liquid crystal cell
50f, a positive C plate 25/, a positive A plate 21f; a second
polarizer 12f, and a TAC film 20, in this order. Table 16 shows
the optical characteristics and axial designs of the birefrin-
gent films, the polarizers, and the liquid crystal cell of the
present reference embodiment.

Reference Embodiment 3

[0144] FIG. 8 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Reference Embodiment 3.

[0145] AsshowninFIG. 8, theliquid crystal display device
of Reference Embodiment 3 is a VA liquid crystal display
device 200g produced by stacking a TAC film 10g, a first
polarizer 11g, a negative C plate 23g, a VA liquid crystal cell
50g, three biaxial retardation films 60g to 62g, a second
polarizer 12g, and a TAC film 20g, in this order. Table 16
shows the optical characteristics and axial designs of the
birefringent films, the polarizers, and the liquid crystal cell of
the present reference embodiment.

TABLE 16
Material Angle  IRxy(550)] Rxz(550) CR AE

Optical components (An) [ [nm] [nm]  Nz(550) «a pa P (4560) (45,60)
Reference Second polarizer 0 75 0.03
Embodiment 1 Reverse dispersion A plate  G(+) 90 130 169 1.3 091 1.03

VA liquid crystal cell 0 320 1.05 097

Normal dispersion —-C plate  ChLC(-) 0 5 180 360 103 099

First polarizer 90
Reference Second polarizer 77 0.03
Embodiment 2 Reverse dispersion A plate  G(+) 0 130 169 1.3 091 1.03

Reverse dispersion +C plate  G(+) 0 2 100 50.0

VA liquid crystal cell 0 320 1.05 097

Normal dispersion —C plate ChLC(-) 0 0 310 1.04 097

First polarizer 90
Reference Secord polarizer 0 80 0.02
FEmbodiment 3 Biaxial retardation film G(+) 0 90 43 05 091 103

Biaxial retardation film G(+) 0 90 43 05 091 1.03

Biaxial retardation film G(+) 0 90 43 05 091 1.03

VA liquid crystal cell 0 320 1.05 097

Normal dispersion —C plate  ChLC(-) 0 0 310 1.04 097

First polarizer 90
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(Evaluation Results)

[0146] The viewing angle dependence of contrast and the
viewing angle dependence of chromaticity of the liquid crys-
tal display device were determined in each embodiment, and
the CR (45, 60) and the AE (45, 60) were shown in Tables 4 to
16.

[0147] Theliquid crystal display device in each of Embodi-
ments 1 to 15 according to the present invention had a CR (45,
60) equivalent to or higher than that in each of Comparative
Embodiments 1 to 3. Even in the visual evaluation, the liquid
crystal display device in each of Embodiments 1 to 15 had
viewing angle dependence of contrast equivalent to or higher
than that in each of Comparative Embodiments 1 to 3. In the
liquid crystal display device of Embodiment 1 according to
the present invention, the AE (45, 60) was lower than that in
each of Comparative Embodiments 2 and 3 in which the CR
(45, 60) was similar to that therein. Even in the visual evalu-
ation, a change in the viewing angle seemed to cause a small
change in the chromaticity, and the liquid crystal display
device of Embodiment 1 had better viewing angle depen-
dence of chromaticity than those of Comparative Embodi-
ments 1 to 3.

[0148] The liquid crystal display device in each of Refer-
ence Embodiments 1 to 3 had a AE (45, 60) much lower than
that of the liquid crystal display device in Embodiment 1
according to the present invention, and had better viewing
angle dependence of chromaticity than that thereof. However,
these liquid crystal display devices each comprise a difficult-
to-produce retardation film selected from a positive C plate, a
biaxial retardation film with Nz=0.5, and a retardation film
with reverse wavelength dispersion having a retardation IRxy
(550)! of 118 nm or larger.

[0149] Further, in the liquid crystal display devices in each
of Embodiments 1 to 11 according to the present invention,
the first birefringent layer included a material with positive
intrinsic birefringence and the second birefringent layer
included a material with negative intrinsic birefringence. In
addition, the first polarizer and the first birefringent layer, and
the second polarizer and the second birefringent layer were
allowed to be bonded by roll-to-roll processing. Thus, the
number of protecting films such as a TAC film was reduced,
and as a result, the performance and the productivity of the
liquid crystal display device were improved.

[0150] The present application claims priority to Patent
Application No. 2008-27998 filed in Japan on Feb. 7, 2008
under the Paris Convention and provisions of national law in
a designated State. The entire contents of which are hereby
incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0151] FIG. 1 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Embodiment 1.

[0152] FIG. 2 is a view schematically showing a part of the
production procedure for the liquid crystal display device of
Embodiment 1;

[0153] FIG. 2(a) shows a step of laterally stretching a raw
film for a first birefringent layer to produce the first birefrin-
gent layer;

[0154] FIG.2(b) shows a step of longitudinally stretching a
raw film for a first polarizer to produce the first polarizer, and
bonding the first polarizer and a TAC film by roll-to-roll
processing;

Mar. 3, 2011

[0155] FIG. 2(c) shows a step of bonding the first polarizer
with the TAC film bonded thereto and the first birefringent
layer through roll-to-toll processing;

[0156] FIG. 2(d) shows a step of laterally stretching a raw
film for a second birefringent layer to produce the second
birefringent layer;

[0157] FIG. 2(e) shows a step of longitudinally stretching a
raw film for a second polarizer to produce the second polar-
izer, and bonding the second polarizer and a TAC film by
roll-to-roll processing; and

[0158] FIG. 2(f) shows a step of bonding the second polar-
izer with the TAC film bonded thereto and the second bire-
fringent layer through roll-to-toll processing.

[0159] FIG. 3 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Comparative Embodiment 1.

[0160] FIG. 4 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Comparative Embodiment 2.

[0161] FIG. 5 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Comparative Embodiment 3.

[0162] FIG. 6 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Reference Embodiment 1.

[0163] FIG. 7 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Reference Embodiment 2.

[0164] FIG. 8 is a perspective view that schematically
shows the structure of the liquid crystal display device of
Reference Embodiment 3.

[0165] FIG. 9 is a cross-sectional view that schematically
shows the structure of a conventional liquid crystal display
device.

[0166] FIG. 10 is a cross-sectional view that schematically
shows the structure of a conventional liquid crystal display
device.

[0167] FIG. 11 is a cross-sectional view that schematically
shows one example of the structure of the liquid crystal dis-
play device according to the present invention.

[0168] FIG. 12 is a perspective view that schematically
shows one aspect in which the optic axis of'a polarizer and the
optic axis of a birefringent layer are parallel to each other;
[0169]
[0170]
[0171] FIG. 13 is a perspective view that schematically
shows a structure in which the optic axis of'a polarizer and the
optic axis of a birefringent layer are orthogonal to each other;

FIG. 12(a) is a view from the front direction; and
FIG. 12(b) is a view from an oblique direction.

[0172] FIG. 13(a) is a view from the front direction; and
[0173] FIG. 13(d) is a view from an oblique direction.
[0174] FIG. 14 is a graph that shows the relationship

between ANz1, ANz2, and the optimum IRxy(550)! in the
case of ANz1=ANz2. “W” represents the first birefringent
layer, and “A” represents the second birefringent layer.
[0175] FIG. 15 is a graph that shows the relationship
between ANzl, ANz2, and the optimum IRxy(550)! in the
case of ANz1=0 and 0<ANz2. “W” represents the first bire-
fringent layer, and “A” represents the second birefringent
layer.

[0176] FIG. 16 is a graph that shows the relationship
between ANzl, ANz2, and the optimum IRxy(550)! in the
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case of ANz2=0 and 0<ANz1. “W” represents the first bire-
fringent layer, and “A” represents the second birefringent
layer.

EXPLANATION OF SYMBOLS

[0177] 1a to 1g: Back-side substrate

[0178] 2a to 2g: Viewing-side substrate

[0179] 3a to 3g: Liquid crystal molecule

[0180] 5: Adhesive

[0181] 7: Pressure-sensitive adhesive

[0182] 8: Polarizer

[0183] 9: Birefringent Layer

[0184] 10,104 to 10g, 20a to 20g, 305, 30¢, 405: TAC film

(protecting film)

[0185] 11, 11a to 11g: First polarizer

[0186] 12, 124 to 12g: Second polarizer

[0187] 21, 21a to 21f: First birefringent layer

[0188] 22, 22a: Second birefringent layer

[0189] 234 to 23g: Third birefringent layer

[0190] 24: Isotropic Film (zero-retardation Protecting film)
[0191] 25f Positive C plate

[0192] 504 to 50g: VA liquid crystal cell

[0193] 60c to 60g, 61d, 61g, 62g: Biaxial retardation film
[0194] 71, 72: Unit for imparting retardation function
[0195] 71a: Raw film for first birefringent Layer

[0196] 72a: Raw film for second birefringent Layer
[0197] 73, 77: Unit for imparting polarization function
[0198] 73a: Raw film for first polarizer

[0199] 74,76, 78, 79: Adhesive-applying unit

[0200] 75a to 75d: Bonding unit

[0201] 77a: Raw film for second polarizer

[0202] 80q: First polarizing plate

[0203] 81a: Second polarizing plate

[0204] 90: First polarizer with TAC film bonded thereto
[0205] 91: First polarizer with TAC film and first birefrin-

gent Layer bonded thereto

[0206] 92: Second polarizer with TAC film bonded thereto

[0207] 1004, 2005t0 200g: VA liquid crystal display device

[0208] a: Absorption axis of polarizer

[0209] a (0): Absorption axis of polarizer (optic axis of
polarizer)

[0210] el (o): Eigenmode (optic axis of birefringent laver)

[0211] e2: Eigenmode

[0212] L: Longitudinal axis of liquid crystal molecule

[0213] s: Slow axis

[0214] t: Transmission axis of polarizer

1. A method for producing a liquid crystal display device
including a first polarizer, a first birefringent layer, a liquid
crystal cell, a second birefringent layer, and a second polar-
izer inthis order, wherein absorption axes of the first polarizer
and the second polarizer are orthogonal to each other; the first
birefringent layer includes a material with positive intrinsic
birefringence; and the second birefringent layer includes a
material with negative intrinsic birefringence,

the method comprising at least one of the following first

and second steps,

the first step including:

longitudinally stretching a raw film for the first polarizer
to produce the first polarizer;

laterally stretching a raw film for the first birefringent
layer to produce the first birefringent layer; and

bonding the first polarizer and the first birefringent layer
by roll-to-roll processing, and
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the second step including:
longitudinally stretching a raw film for the second polar-
izer to produce the second polarizer;
laterally stretching a raw film for the second birefringent
layer to produce the second birefringent layer; and
bonding the second polarizer and the second birefrin-
gent layer by roll-to-roll processing.
2. The method for producing a liquid crystal display device
according to claim 1,
wherein
the first birefringent layer satisfies 1.1=Nz(550)=2 and
has an in-plane slow axis forming an angle of 90° with
the absorption axis of the first polarizer, and
the second birefringent layer satisfles -1=Nz(550)=-0.1
and has an in-plane slow axis forming an angle of 0° with
the absorption axis of the second polarizer.
3. A liquid crystal display device, comprising in the fol-
lowing order:
a first polarizer;
a first birefringent layer;
a liquid crystal cell;
a second birefringent layer; and
a second polarizer,
wherein absorption axes of the first polarizer and the sec-
ond polarizer are orthogonal to each other;
the first birefringent layer satisfies 1.1=Nz(550)=2 and
has an in-plane slow axis orthogonal to the absorption
axis of the first polarizer; and
the second birefringent layer satisfles -1=Nz(550)=-0.1
and has an in-plane slow axis parallel to the absorption
axis of the second polarizer.
4. The liquid crystal display device according to claim 3,
wherein the first birefringent layer includes a material with
positive intrinsic birefringence.
5. The liquid crystal display device according to claim 4,
wherein the second birefringent layer includes a material
with negative intrinsic birefringence.
6. The liquid crystal display device according to claim 3,
wherein the liquid crystal display device satisfies 0=Nz'
(550)=1, wherein NZ'(550) represents an arithmetic
mean between Nz(550) of the first birefringent layer and
Nz(550) of the second birefringent layer.
7. The liquid crystal display device according to claim 6,
wherein the liquid crystal display device satisfies 0.3=N7'
(550)=0.7.
8. The liquid crystal display device according to claim 3,
wherein at least one of the first bireftingent layer and the
second birefringent layer satisfies IRxy(550) =130 nm.
9. The liquid crystal display device according to claim 8,
wherein the liquid crystal display device satisfies
ANz1=ANz2, wherein ANz] represents a biaxial param-
eter of the first birefringent layer defined as INz(550)-11
and ANz2 represents a biaxial parameter of the second
birefringent layer defined as INz(550)!.
10. The liquid crystal display device according to claim 8,
wherein the liquid crystal display device satisfies
ANz1<ANz2, wherein ANz1 represents a biaxial param-
eter of the first birefringent layer defined as INz(550)-11
and ANz2 represents a biaxial parameter of the second
birefringent layer defined as INz(550)!.
11. The liquid crystal display device according to claim 8,
wherein the liquid crystal display device satisfies
ANz1>AN7z2, wherein ANz1 represents a biaxial param-
eter of the first birefringent layer defined as INz(550)-11
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and ANz2 represents a biaxial parameter of the second
birefringent layer defined as INz(550)I.

12. The liquid crystal display device according to claim 3,

wherein at least one of the first birefringent layer and the
second birefringent layer satisfies IRxy(450)I=IRxy
(550)I=IRxy(650)I.

13. The liquid crystal display device according to claim 3,

wherein the liquid crystal display device satisfies o'=1 and
1=f', wherein o' represents an arithmetic mean between
awavelength dispersibility of the first birefringent layer
a1=Rxy(450)/Rxy(550) and a wavelength dispersibility
of the second birefringent layer a2=Rxy(450)/Rxy
(550), and ' represents an arithmetic mean between a
wavelength dispersibility of the first birefringent layer
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P11=Rxy(650)/Rxy(550) and a wavelength dispersibil-
ity of the second birefringent layer f2=Rxy(650)/Rxy
(550).

14. The liquid crystal display device according to claim 3,

further comprising

a third birefringent layer,

wherein the liquid crystal display device displays a black
screen by aligning liquid crystal molecules in the liquid
crystal cell perpendicular to a substrate surface; and

the third birefringent layer is disposed between the first
polarizer and the second polarizer and satisfies Rxy=10
nm and Rxz=100 nm.

15. The liquid crystal display device according to claim 14,

wherein the third birefringent layer is disposed adjacent to
the liquid crystal cell.

*® ok ok k%
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