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(54) LIQUID CRYSTAL DISPLAY DEVICE

(57) The present invention provides a circularly po-
larizing VA mode liquid crystal display device having an
excellent gray scale viewing angle from an intermediate
gray scale to a high gray scale at an azimuth angle of
45°. The liquid crystal display device according to the
present invention includes: a first polarizer; a first λ/4
plate; liquid crystal cell; a second λ/4 plate; and a second
polarizer in this order, wherein when an azimuth of an
absorption axis of the second polarizer is defined as 0°,
an in-plane slow axis of the second λ/4 plate forms an
angle of approximately 45°; an in-plane slow axis of the
first λ/4 plate forms an angle of approximately 135°; the
absorption axis of the first polarizer forms an angle of

approximately 90°, and wherein a display brightness is
varied by changing an alignment state of liquid crystal
molecules in a liquid crystal layer from a state that the
liquid crystal molecules are approximately vertically
aligned to a substrate surface, to a state that the liquid
crystal molecules are tilted to the substrate surface; and
the liquid crystal layer has a domain in which the liquid
crystal molecules are tilted in an azimuth angle range of
12.5° to 32.5°, a domain in which the liquid crystal mol-
ecules are tilted in an azimuth angle range of 102. 5° to
122.5°, and a domain in which the liquid crystal molecules
are tilted in an azimuth angle range of 192.5° to 212.5°,
and a domain in which the liquid crystal molecules are
tilted in an azimuth angle range of 282.5° to 302.5°.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal display device, and more specifically to a VA (vertical alignment)
mode liquid crystal display device using a circularly polarizing plate.

BACKGROUND ART

[0002] A liquid crystal display device is widely used as a display device of various information processing apparatuses
such as a computer and a television set. Particularly, the liquid crystal display device of a TFT system (also called "TFT-
LCD" hereafter) is widely spread, and expansion of a further market thereof is expected, and with expansion of the
market, further improvement of an image quality is desired. The TFT-LCD is taken as an example for explanation
hereafter. However, the present invention is not limited to the TFT-LCD, but covers the whole field of the liquid crystal
display device, and can be applied to the liquid crystal display device of a passive matrix system and a plasma address
system for example.
[0003] A so-called TN (twisted nematic) mode is a disply mode that has been most widely used in the TFT-LCD
heretofore, in which a liquid crystal having positive dielectric anisotropy is horizontally aligned between mutually opposing
substrates. A TN mode liquid crystal display device is characterized in that a direction of an alignment of liquid crystal
molecules adjoining one of the substrates is twisted by 90° with respect to a direction of an alignment of liquid crystal
molecules adj oining the other substrate. In such a TN mode liquid crystal display device, although an inexpensive
manufacturing technique is established and industrially full growth is achieved, it is difficult to realize a high contrast ratio.
[0004] Meanwhile, a so-called VA mode liquid crystal display device is known, in which liquid crystals having negative
dielectric anisotropy are vertically aligned between the mutually opposing substrates. In the VA mode liquid crystal
display device, liquid crystal molecules are aligned approximately vertically to a substrate surface, when not applying a
voltage. Therefore, almost no rotatory polarization and birefringence are exhibited by the liquid crystal cells, thus allowing
lights to pass through the liquid crystal cells with almost no change in its polarization state. Accordingly, approximately
perfect black display can be realized when not applying the voltage, by arranging a pair of polarizers (linear polarizers)
on upper and lower sides of the liquid crystal cells so that absorption axes thereof are crossing each other orthogonally
(also called "crossed Nicols polarizers" hereafter). When applying the voltage of a threshold value or more (abbreviated
as "at a voltage application time" hereafter), the liquid crystal molecules are tilted so as to be approximately parallel to
the substrate, thus exhibiting a great birefringence and realizing a white display. Accordingly, such a VA mode liquid
crystal display device can easily realize a significantly high contrast ratio.
[0005] In such a VA mode liquid crystal display device, asymmetry (skewness) is generated in a viewing angle char-
acteristic of the liquid crystal display device, if the liquid crystal molecules are tilted in one direction at the voltage
application time. Therefore, an domain division type VA mode is widely used, in which an tilt direction of the liquid crystal
molecules is divided into a plurality of directions in a pixel, for example by devising a structure of a pixel electrode, or
by providing an alignment control part such as protrusions in the pixel. Note that each region with different tilt azimuths
of the liquid crystal molecules, is called a domain, and the domain division type VA mode is also called a MVA mode
(multi-domain type VA mode).
[0006] In the MVA mode, from a viewpoint of maximizing transmissivity in a white display state, usually an axial azimuth
of the polarizer is set to be an angle of 45° with respect to the tilt azimuth of the liquid crystal molecules at the voltage
application time. This is because the transmissivity at the time of interposing a birefringent medium between the crossed
Nicols polarizers, is proportional to sin2 (2α) when an angle formed by an axis of the polarizer and a slow axis of the
birefringent medium is defined as α (unit: rad). In a typical MVA mode, the tilt azimuth of the liquid crystal molecules can
be divided into four domains of 45°, 135°, 225°, and 315°. In such a MVA mode in which the tilt azimuth is divided into
four domains, Schliere alignment or an alignment in an unintended direction is frequently observed on a boundary
between domains or near the alignment control part, thus causing transmissivity loss.
[0007] In order to solve the above-described problem, the VA mode liquid crystal display device using a circularly
polarizing plate, is examined (for example, see Patent Document 1). According to such a liquid crystal display device,
the transmissivity at the time of interposing the birefringent medium between right and left circularly polarizing plates
crossing each other orthogonally, does not depend on an angle formed by the axis of the polarizer and the slow axis of
the birefringent medium, and therefore desired transmissivity can be ensured if only controlling the tilt of the liquid crystal
molecules even in a case that the tilt azimuth of the liquid crystal molecules is set to be an angle excluding 45°, 135°,
225°, and 315°. Accordingly, for example, a circular protrusion may be disposed in a center of the pixel, so that the liquid
crystal molecules are tilted in all azimuths, or the liquid crystal molecules may be tilted in random azimuths without
controlling the tilt azimuth at all. Note that the VA mode using the circularly polarizing plate is also called a circularly
polarizing VA mode or a circularly polarizing mode. Meanwhile, the VA mode using a linearly polarizing plate is also
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called a linearly polarizing VA mode or a linearly polarizing mode. Further, as is publicly-known, the circularly polarizing
plate is formed typically by combining the linearly polarizing plate and a λ/4 plate.
[0008] Further, the circularly polarized light has a performance that right and left chirality is replaced with each other
when being reflected by mirror, etc. For example when a left circularly polarizing plate is disposed on the mirror and a
light is incident thereon, the light transmitting through the circularly polarizing plate and converted to a left circularly
polarized light, is reflected by the mirror and converted to a right circularly polarized light, and the right circularly polarized
light can’t transmit through the left circularly polarizing plate. Thus, it is known that the circularly polarizing plate has an
antireflective optical function. It is also known that there is an effect of improving a bright room contrast ratio of the display
device such as a VA mode liquid crystal display device, because the antireflective optical function of the circularly
polarizing plate contributes to preventing unnecessary reflection when the display device is observed in a bright room
environment like outdoors. Here, it can be considered that the unnecessary reflection is mainly caused by interior
components of the display device such as a transparent electrode and metal wiring of a TFT element. If the unnecessary
reflection is not prevented, light quantity at the time of a black display by the display device becomes large when observed
in a bright room environment, even in a case of the display device realizing approximately perfect black display in a dark
room environment, resulting in reducing the contrast ratio.
[0009] As described above, a transmissivity improvement effect and an unnecessary reflection prevention effect can
be obtained in the circularly polarizing VA mode using the circularly polarizing plate. However, the liquid crystal display
device of the circularly polarizing VA mode has a room for improvement in a point that the contrast ratio is reduced at
an oblique viewing angle, and a sufficient viewing angle characteristic can’t be obtained. Meanwhile, various improved
techniques of the viewing angle characteristic using a birefringent layer (phase difference film) are proposed. For example,
Patent Document 1 discloses a method described in the following (A), Patent Document 2 discloses a method described
in the following (B), Patent Document 3 discloses a method described in the following (C), Patent Document 4 discloses
a method described in the following (D), and Non-Patent Document 1 discloses a method described in the following (E).
[0010]

(A) A method using two λ/4 plates satisfying a relation of nx > ny > nz.
(B) A method using two λ/4 plates satisfying a relation of nx > ny > nz, and one or two second-type birefringent
layers satisfying a relation of nx < ny ≤ nz, by combination.
(C) A method using two λ/4 plates satisfying a relation of nx > nz > ny, and a third type birefringent layer satisfying
nx = ny > nz, by combination.
(D) A method according to the method of (C) further using one or two λ/2 plates satisfying a relation of nx > nz >
ny, by combination.
(E) A method using two uniaxial λ/4 plates (so-called A-plate satisfying a relation of nx > ny = nz), and a third type
birefringent layer satisfying a relation of nx = ny > nz, and a birefringent layer satisfying a relation of nx > nz > ny,
by combination.

[0011]

Patent Document 1: Japanese Patent Application Laid-Open No.2002-40428
Patent Document 2: Japanese Patent Application Laid-Open No.2009-37049
Patent Document 3: Japanese Patent Application Laid-Open No.2003-207782
Patent Document 4: Japanese Patent Application Laid-Open No.2003-186017

[0012] Non-Patent Document 1: Zhibing Ge, and six others, "Wide-View Circular Polarizers for Mobile Liquid Crystal
Displays", IDRC08, 2008, p.266-268
[0013] However, as a result of an examination by inventors of the present invention, it is found that the viewing angle
characteristic still has a room for improvement even in the methods of (A), (B), and (C). Further, the viewing angle
characteristic also has a room for improvement in the methods (C), (D), and (E), in a point that an expensive biaxial
phase difference film is required, which is difficult to be manufactured, requiring a high cost, and satisfying a relation of
nx > nz > ny (satisfying a relation of 0 < Nz < 1).

DISCLOSURE OF THE INVENTION

[0014] In the course of various examinations by the inventors of the present invention to solve the above-described
problem, a phase difference condition of a birefringent layer has been focused, which is arranged between a pair of
polarizers (first and second polarizers) which are set in a crossed Nicols arrangement, and it has been found that when
a birefringent layer satisfying a relation of nx > ny ≥ nz (satisfying Nz ≥ 1.0) is defined as the first-type birefringent layer,
and when a birefringent layer satisfying a relation of nx < ny ≤ nz (satisfying Nz ≤ 0. 0) is defined as the second-type
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birefringent layer, by appropriately arranging the first-type birefringent layer and the second-type birefringent layer be-
tween the first polarizer and the second polarizers, crossing performance of the first and second polarizers can be
maintained even in an oblique direction while holding the crossing performance of the first and second polarizers in a
front direction. Thus, a method of the following (F) is proposed. Further, it is also found that the first-type and second-
type birefringent layers can be manufactured by a simple method by using a material having an appropriate intrinsic
birefringence, unlike the biaxial phase difference film controlled to satisfy nx > nz > ny (0 < Nz < 1). Thus, the inventors
of the present invention filed a Patent Application No. 2008-099526 in Japan.
[0015]

(F) A method of using two λ/4 plates, a third type birefringent layer satisfying a relation of nx = ny > nz, a first-type
birefringent layer satisfying nx > ny ≥ nz, and a second-type birefringent layer satisfying a relation of nx < ny ≤ nz,
by combination.

[0016] However, in the method of (F), five or more birefringent layers (phase difference films) are preferably used,
and there is a room for improvement in a manufacturing cost. Further, in the method of (F), the viewing angle characteristic
can be improved by optimally designing an Nz-coefficient (a parameter indicating biaxial property) of two λ/4 plates.
However, under a versatile design condition using two biaxial λ/4 plates satisfying the relation of nx > ny ≥ nz (Nz ≥ 1.0),
there is a room for improvement in the viewing angle characteristic.
[0017] Therefore, based on a further examination by the inventors of the present invention regarding the circularly
polarizing VA mode liquid crystal display device that can be easily manufactured at a low cost and capable of realizing
a high contrast ratio in a wider viewing angle range, it is found that light leakage in the black display state is reduced in
a wider viewing range, and the high contrast ratio can be realized by using the versatile biaxial λ/4 plates satisfying the
relation of nx > ny ≥ nz for two λ/4 plates (first and second λ/4 plates) which are required in the circularly polarizing VA
mode ; then adjusting the Nz-coefficients of the two λ/4 plates to be approximately the same, and arranging the birefringent
layer satisfying the relation of nx < ny ≤ nz between the second λ/4 plate and the second polarizer. Further, the first-
type and second-type birefringent layers can be manufactured by a simple method using a material having an appropriate
intrinsic birefringence, unlike the biaxial phase difference film in which the first-type and second-type birefringent layers
are controlled to satisfy nx > nz > ny (0 < Nz < 1). Thus, the inventors of the present invention filed a Patent Application
No. 2009-015927 in Japan.
[0018] Thus, various examinations are attempted by the inventors of the present invention regarding improvement of
the viewing angle characteristic in the circularly polarizing VA mode. However, in order to suppress viewing angle
dependency of the contrast ratio, in each of the aforementioned method, leaked light quantity at the black display time
at the oblique viewing angle is reduced, and in other words, the viewing angle dependency in a low gray scale (low
brightness) is suppressed. As a result of strenuous efforts by the inventors of the present invention, it is found that in
the circularly polarizing VA mode, when an absorption axis of the polarizer set in the crossed Nicols arrangement is
defined as an azimuth angle of 0° and an azimuth angle of 90°, particularly the viewing angle characteristic from an
intermediate gray scale (intermediate brightness) at an azimuth angle of 45° to a high gray scale (high brightness) is
deteriorated compared with the viewing angle characteristic of a linearly polarizing VA mode. Namely, it is found that at
the azimuth angle of 45°, not only the viewing angle characteristic (also called a "contrast viewing angle" hereafter) in
the low gray scale, but also the viewing angle characteristic from the intermediate gray scale to the high gray scale (also
called a "gray scale viewing angle" hereafter) is not sufficient. Note that good or bad of the gray scale viewing angle can
be judged by a degree of coincidence between a curve (also called a "gamma (γ) curve") showing a correlation between
the values of input gray scale and output brightness obtained by a measurement in a specific azimuth, and a gamma
curve obtained by a measurement in the other azimuth, in a graph in which the input gray scale is taken on a horizontal
axis and a standardized output brightness (transmissivity) is taken on a vertical axis. Usually, the γ curve in the front
direction (normal direction relative to a display screen) and the γ curve in the other direction are preferably coincident
with each other as much as possible, in terms of a display characteristic.
[0019] Further, it is also found by the inventors of the present invention that a comprehensive display quality level is
improved by not allowing the coincidence to occur between a azimuth in which reduction of the contrast viewing angle
occurs and a azimuth in which reduction of the gray scale viewing angle occurs, while recognizing a fact that a display
quality at the azimuth angle of 45° is extremely deteriorated for an observer of the liquid crystal display device, because
inconsistency occurs between the γ curve in the front direction and the γ curve in the other direction, in a wider gray
scale range extending from the low gray scale to the high gray scale, due to reduction of the contrast viewing angle and
reduction of the gray scale viewing angle occurring in the same azimuths.
[0020] In view of the above-described circumstance, the present invention is provided, and an object of the present
invention is to provide the circularly polarizing VA mode liquid crystal display device having an excellent gray scale
viewing angle from the intermediate gray scale to the high gray scale at the azimuth angle of 45°.
[0021] After various examinations by inventors of the present invention regarding the circularly polarizing VA mode
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liquid crystal display device having an excellent gray scale viewing angle at the azimuth angle of 45°, a plurality of
domains formed in a MVA mode is focused. Then, it is found that the gray scale viewing angle from the intermediate
gray scale to the high gray scale at the azimuth angle of 45° in the circularly polarizing VA mode can be improved by
providing a domain in which liquid crystal molecules are tilted in a azimuth of 12.5° to 32.5°, a domain in which the liquid
crystal molecules are tilted in a azimuth of 102.5° to 122.5°, a domain in which the liquid crystal molecules are tilted in
a azimuth of 192.5° to 212.5°, and a domain in which the liquid crystal molecules are tilted in a azimuth of 282.5° to
302.5°. As a result, the display quality of the liquid crystal display device can be improved and the present invention is
achieved.
[0022] Namely, the present invention provides a liquid crystal display device including: a first polarizer; a first λ/4 plate
with an in-plane phase difference adjusted to λ/4; liquid crystal cells including a liquid crystal layer between a pair of
opposing substrates; a second λ/4 plate with an in-plane phase difference adjusted to λ/4; and a second polarizer, in
this order, wherein
when an azimuth angle of an absorption axis of the second polarizer is defined as 0°,
an in-plane slow axis of the second λ/4 plate forms an angle of approximately 45°; an in-plane slow axis of the first λ/4
plate forms an angle of approximately 135°; the absorption axis of the first polarizer forms an angle of approximately
90°, and wherein
a display brightness is varied by changing an alignment state of liquid crystal molecules in the liquid crystal layer from
a state where the liquid crystal molecules are approximately vertically aligned over a substrate surface, to a state where
the liquid crystal molecules are tilted over the substrate surface; and
the liquid crystal layer includes a domain in which the liquid crystal molecules are tilted in an azimuth angle range of
12.5° to 32.5°, a domain in which the liquid crystal molecules are tilted in an azimuth angle range of 102.5° to 122.5°,
and a domain in which the liquid crystal molecules are tilted in an azimuth angle range of 192.5° to 212. 5°, and a domain
in which the liquid crystal molecules are tilted in an azimuth angle range of 282.5° to 302.5°. Note that in this specification,
the "azimuth" means a direction in parallel to the substrate surface of a liquid crystal cells, ranging from 0° to 360°, and
a tilt angle from a normal direction on the substrate surface of the liquid crystal cells is not taken into consideration. The
tilt angle from the normal direction on the substrate surface of the liquid crystal cells is called a "polar angle", ranging
from 0° to 90°. FIG. 1 shows an azimuth angle φ and a polar angle θ with respect to a direction A0 of a tilt of the liquid
crystal molecules, with a azimuth of the absorption axis of the second polarizer set as the X-axis, an axis orthogonally
crossing the X-axis in an in-plane direction set as the Y-axis, and an axis orthogonally crossing the X-axis in the out-
plane direction set as the Z-axis.
[0023] The liquid crystal display device of the present invention implements display in a so-called MVA mode (multi-
domain type VA mode). In the MVA mode, for example, the tilt azimuth of the liquid crystal molecules at a voltage
application time is divided into a plurality of azimuths in a pixel, by providing an alignment direction control means such
as a slit (electrode notch portion) formed in a pixel electrode and/or a common electrode used for applying voltage to a
liquid crystal layer, and a dielectric protrusion formed in the pixel. Thus, symmetry of the tilt azimuth of the liquid crystal
molecules can be improved, and the viewing angle characteristic of the liquid crystal display device can be improved.
Further, the liquid crystal display device of the present invention implements display by a so-called circularly polarizing
VA mode. Accordingly, unlike typical MVA mode that uses linearly polarizing plates, there is no necessity for setting an
angle to be 45° by an axial azimuth of the polarizer and the tilt azimuth of the liquid crystal molecules at the voltage
application time in order to maximize the transmissivity in a white display state. Therefore, even in a case of forming the
domain in which the liquid crystal molecules are tilted in an azimuth angle range of 12.5° to 32.5°, and the domain in
which the liquid crystal molecules are tilted in the an azimuth angle range of 102.5° to 122.5°, the domain in which the
liquid crystal molecules are tilted in an azimuth angle range of 192.5° to 212.5°, and the domain in which the liquid crystal
molecules are tilted in an azimuth angle range of 282.5° to 302.5°, the transmissivity is not reduced in a white display
state in principle, unlike a case that the display is obtained in a linearly polarizing mode.
[0024] In the present invention, the domain means a region in the pixel in which the tilt azimuths of the liquid crystal
molecules are approximately the same when the voltage is applied to the liquid crystal layer. Regions including the liquid
crystal molecules with different polar angles are also included in the same domain, provided that the tilt azimuths are
approximately the same.
[0025] The liquid crystal display device of the present invention includes the first polarizer, the first λ/4 plate, the liquid
crystal cells, the second λ/4 plate, and the second polarizer as constituent elements as described above, and is not
particularly limited by the other members. However, from a viewpoint of realizing a high contrast ratio in a wider viewing
angle range, the following embodiments are suitably used: (1) the first and second λ/4 plates are first-type birefringent
layer having approximately the same Nz-coefficients , and a second-type birefringent layer is provided between the
second λ/4 plate and the second polarizer, and an in-plane fast axis of the second-type birefringent layer is approximately
orthogonally crossing the absorption axis of the second polarizer; (2) the first and second λ/4 plates are first-type
birefringent layers having the same Nz-coefficients, and a first second-type birefringent layer is provided between the
fist λ/4 plate and the first polarizer, and a second second-type birefringent layer is provided between the second λ/4
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plate and the second polarizer, and the first second-type birefringent layer and the second second-type birefringent layer
have the same Nz-coefficients and in-plane phase differences, and the in-plane fast axis of the first second-type bire-
fringent layer is approximately orthogonally crossing the absorption layer of the first polarizer, and the in-plane fast axis
of the second second-type birefringent layer is approximately orthogonally crossing the absorption axis of the second
polarizer.
[0026] Note that in this specification, the "polarizer" means an element having a function of changing a natural light
to a linearly polarized light, which is the same meaning as a polarizing plate or a polarizing film. The "birefringent layer"
means a layer having an optical anisotropy, which is the same meaning as a phase difference film, a phase difference
plate, an optical anisotropy layer, and a birefringent medium, etc. The "birefringent layer" in this specification means that
either one of an absolute value of an in-plane phase difference R and an absolute value of a phase difference Rth in a
perpendicular direction as will be described later, is a value of 10 nm or more from a viewpoint of sufficiently exhibiting
an function effect of the present invention, and preferably is a value of 20 nm or more. Further, as described above, in
this specification, the "first-type birefringent layer" means the birefringent layer satisfying the relation of nx > ny ≥ nz,
and the "second-type birefringent layer" means the birefringent layer satisfying the relation of nx < ny ≤ nz. nx and ny
indicate principal indices of refraction in an in-plane direction regarding the light with a wavelength of 550 nm, and nz
indicates a principal index of refraction in an out-plane direction (in the perpendicular direction) regarding the light with
a wavelength of 550 nm.
[0027] In this specification, the "in-plane phase difference R" means the in-plane phase difference (unit: nm) defined
by R = |nx - nyl � d, when principal indices of refraction of birefringent layers (including liquid crystal cells or λ/4 plates)
in an in-plane direction are defined as nx and ny, the principal index of refraction in the out-plane direction (perpendicular
direction) is defined as nz and a thickness of the birefringent layer is defined as d. Meanwhile, the "phase difference Rth
in the perpendicular direction" means the phase difference (unit: nm) in the out-plane direction (in the perpendicular
direction) defined by Rth = (nz - (nx + ny)/2) � d. The "λ/4 plate" means a layer having the optical anisotropy of
approximately λ/4 wavelength (exactly 137.5 nm, in a range from 115 nm to 160 nm) regarding the light with at least a
wavelength of 550 nm, which is the same meaning as a λ/4 phase difference film and a λ/4 phase difference plate.
[0028] The "in-plane slow axis (fast axis)" means a direction of a dielectric main axis (direction of x-axis or y-axis)
corresponding to the principal index of refraction ns (nf), when a larger refractive index is defined as ns and a smaller
refractive index is defined as nf again, out of the in-plane principal indices of refractions nx and ny. Further, the "Nz-
coefficient" means a parameter showing a degree of biaxiality of the birefringent layer defined by Nz = (ns - nz)/(ns -
nf). Note that the principal indices of refraction and the phase difference are measured at a wavelength of 550 nm in
this specification, unless otherwise specifically noted. Further, even in a case of the birefringent layer having the same
Nz-coefficient, an effective phase difference of the birefringent layer is different regarding the light incident from an
oblique direction under an influence of a refracting angle if an average refractive index = (nx + ny + nz) /3 of the birefringent
layer is different, thus complicating a design guideline. In order to prevent such a problem, the average refractive index
of each birefringent layer is unified to 1.5, to thereby calculate the Nz-coefficient, unless otherwise specifically noted in
this specification. Regarding the birefringent layer with actual average refractive index different from 1.5, the Nz-coefficient
is calculated on the assumption that the average refractive index is 1.5. Also, the same calculation is carried out for the
phase difference Rth in the perpendicular direction.
[0029] In this specification, "the birefringent layers have substantially the same Nz-coefficient" means a case that a
difference of the Nz-coefficient is less than 0.1, and is preferably less than 0.05. "An angle of approximately 45° is formed
by the in-plane slow axis of the second λ/4 plate" means that an angle formed by the in-plane slow axis of the second
λ/4 plate and the absorption axis of the second polarizer may be in a range of 40° to 50°, and more preferably 45°. Even
in a case that a relative angle formed by the in-plane slow axis of the second λ/4 plate and the absorption axis of the
second polarizer is not completely 45°, a sufficient prevention effect can be obtained against the light leakage in the
normal direction on the substrate surface, by making the in-plane slow axis of the first λ/4 plate orthogonally cross the
in-plane slow axis of the second λ/4 plate. Meanwhile, in a point of preventing a reflection and improving transmissivity,
a remarkable effect can be obtained by setting the relative angle at 45°. "An angle of approximately 135° is formed by
the in-plane slow axis of the first λ/4 plate" means that an angle formed by the in-plane slow axis of the first λ/4 plate
and the in-plane slow axis of the second λ/4 plate set at the azimuth angle of approximately 45° may be 88° to 92°, and
more preferably 90°. "An angle of approximately 90° is formed by the absorption axis of the first polarizer" means that
an angle formed by the absorption axis of the second polarizer and the absorption axis of the first polarizer may be 88°
to 92°, and more preferably 90°. "The in-plane fast axis of the second-type birefringent layer is approximately orthogonally
crossing the absorption axis of the second polarizer" means that an angle formed by the in-plane fast axis of the second-
type birefringent layer and the absorption axis of the second polarizer may be 88° to 92°, and more preferably 90°.
[0030] As will be described later, according to the above embodiment (1), from a viewpoint of realizing a high contrast
ratio by reducing the light leakage in the black display state in a wider viewing angle range by controlling a change of a
polarization state of a display light utilizing the second-type birefringent layer, it is preferably that any birefringent mediums
expect the first polarizer, first λ/4 plate (first-type birefringent layer), liquid crystal cells, second λ/4 plate (first-type
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birefringent layer), second-type birefringent layer, and second polarizer is not provided between the first polarizer and
the second polarizer . From a viewpoint of reducing a cost by reducing the number of the birefringent layers used for
the liquid crystal display device, it is more preferably that any birefringent mediums expect the first polarizer, first λ/4
plate (first-type birefringent layer), liquid crystal cells, second λ/4 plate (first-type birefringent layer), second-type bire-
fringent layer, and second polarizeris not provided in the liquid crystal display device. Meanwhile, it is also acceptable
that there are provided the first polarizer, first λ/4 plate (first-type birefringent layer), liquid crystal cells, second λ/4 plate
(first-type birefringent layer), second-type birefringent layer, and second polarizer, wherein the other birefringent mediums
may be added to the liquid crystal display device.For example, a λ/2 plate with in-plane phase difference adjusted to λ/
2 may be added to the liquid crystal display device, for adjusting a wavelength dispersibility of the birefringent layer.
Further, according to the above embodiment (2), it is preferably that any birefringent mediums expect the first polarizer,
first second-type birefringent layer, first λ/4 plate (first-type birefringent layer), liquid crystal cells, second λ/4 plate (first-
type birefringent layer), second second-type birefringent layer, and second polarizer is not provided between the first
polarizer and the second polarizer. From a viewpoint of reducing the cost by reducing the number of the birefringent
layers used for the liquid crystal display device, it is more preferably that any birefringent mediums expect the first
polarizer, first second-type birefringent layer, first λ/4 plate (first-type birefringent layer), liquid crystal cells, second λ/4
plate (first-type birefringent layer), second second-type birefringent layer, and second polarizer is not provided in the
liquid crystal display device. Similarly to the above embodiment (1), there are provided the first polarizer, first second-
type birefringent layer, first λ/4 plate (first-type birefringent layer), liquid crystal cells, second λ/4 plate (first-type bire-
fringent layer), second-type birefringent layer, and second polarizer, wherein the other birefringent layer may be added
to the liquid crystal display device, and for example, the λ/2 plate with in-plane phase difference adjusted to λ/2 may be
added to the liquid crystal display device, for adjusting the wavelength dispersibility of the birefringent layer, etc.
[0031] Further, it is found by the inventors of the present invention, that there are different factors of preventing a
perfect black display depending on the azimuth, and it is found that optical retardation compensation for a plurality of
azimuths can be implemented by arranging the birefringent layer satisfying a relation of nx = ny > nz ("birefringent layer
satisfying a relation of nx = ny > nz" in this specification is defined as a third-type birefringent layer) between the first
and second λ/4 plates. According to the mode of providing the third-type birefringent layer, first, conditions of the optical
retardation compensation at the azimuth angle of 0° can be optimized by adjusting a phase difference value of the third-
type birefringent layer, and next, the light leakage in the black display state in the oblique direction can be reduced in a
wider azimuth by optimizing the conditions of the optical retardation compensation at the azimuth angle of 45° without
changing the optimizing conditions of the optical retardation compensation at the azimuth angle of 0°, by appropriately
arranging the values of the phase difference of the second-type birefringent layer. As a result, the high contrast ratio
can be realized in a wider viewing angle range based on both of the azimuth angle and the polar angle. Further, the
third-type birefringent layer can be manufactured by a simple method by using a material having a suitable intrinsic
birefringence, unlike the biaxial phase difference film controlled to satisfy nx > nz > ny (0 < Nz < 1) .
[0032] Namely, the liquid crystal display device of the present invention may have at least one third-type birefringent
layer at least between the first λ/4 plate and the liquid crystal cell, or between the liquid crystal cells and the second λ/
4 plate. The third-type birefringent layer is particularly suitably used when the Nz of the first λ/4 plate and the second λ/
4 plate is less than 2.00. The third-type birefringent layer is preferably arranged adjacent to the liquid crystal cells. Here,
the "arranged adjacently" means that the birefringent medium is not provided between the third-type birefringent layer
and the liquid crystal cells, and for example, it is also acceptable that an isotropic film is arranged between the third-
type birefringent layer and the liquid crystal cells. Further, when a plurality of third-type birefringent layers are provided,
at least one layer of the plurality of third-type birefringent layers is arranged adjacent to the liquid crystal cells, and each
third-type birefringent layer is preferably arranged adjacent to each other.
[0033] Note that nx ≅ ny in the third-type birefringent layer can also be expressed as |nx - ny| ≅ 0, and specifically
indicates a case that in-plane phase difference R = |nx - ny| � d is less than 20 nm, and is preferably less than 10 nm.
Whether the third-type birefringent layer is composed of one layer or multiple layers, the characteristic of a transmitted
light intensity of the liquid crystal display device is completely the same in principle, so long as the third-type birefringent
layer is arranged more inside (liquid crystal cell side) than the first λ/4 plate and the second λ/4 plate, wherein the sum
total of the phase differences in the perpendicular direction is the same. Further, even when the liquid crystal display
device does not have the third-type birefringent layer actually, there is absolutely no problem in virtually considering that
the liquid crystal display device has the third-type birefringent layer with phase difference of zero in the perpendicular
direction. Accordingly, this specification only refers to the liquid crystal display device with one layer of the third-type
birefringent layers arranged between the second λ/4 plate and the liquid crystal cells for simplifying the explanation,
unless otherwise specifically noted.
[0034] As for the polarizer, the polarizer with an anisotropic material such as an iodine complex having dichroism
adsorbed and aligned in a polyvinyl alcohol (PVA) film, can be typically given for example. Usually, in order to secure
mechanical strength and moist heat resistance, both sides of the PVA film are laminated with a protective film such as
triacetylcellulose (TAC) film, and such a polarizer provided with the protective film is put to practical use. However, the
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"polarizer" in this specification does not include the protective film, and indicates only an element having a polarizing
function, unless otherwise noted. Note that the characteristic of the transmitted light intensity of the liquid crystal display
device is completely the same in principle, even when either one of the first and second polarizer is a polarizer (backside
polarizer) or an analyzer (observation surface side polarizer). This specification only refers to the liquid crystal display
device wherein the first polarizer functions as a polarizer unless otherwise noted, for simplifying the explanation.
[0035] The liquid crystal cell has a pair of substrates and a liquid crystal layer interposed between the pair of substrates.
The present invention provides a Multi-domain VA (MVA) mode liquid crystal cell, being a kind of a Vertical Alignment
(VA) mode in which black display is obtained by aligning the liquid crystal molecules in the liquid crystal layer approximately
vertically to the substrate surface. The MVA mode may be combined with Continuous Pinwheel Alignment (CPA) mode,
Patterned VA (PVA) mode, Biased VA (BVA) mode, Reverse TN (RTN) mode, In Plane Switching-VA (IPS-VA) mode,
etc. In this specification, "the liquid crystal molecules are aligned approximately vertically to the substrate surface" means
that an average pretilt angle of the liquid crystal molecules may be 80° or more.
[0036] The liquid crystal display device of the present invention has the first first-type birefringent layer (first λ/4 plate)
with in-plane phase difference adjusted to λ/4, and the second first-type birefringent layer (second λ/4 plate) with in-
plane phase difference adjusted to λ/4, between the first polarizer and the second polarizer, and further may have the
second-type birefringent layer and/or the third-type birefringent layer. For example, a combination of the second λ/4
plate and the second-type birefringent layer, a combination of the second λ/4 plate and the third-type birefringent layer,
a combination of the first λ/4 plate and the second-type birefringent layer, and a combination of the first λ/4 plate and
the third-type birefringent layer, are preferably formed as a stacked body in which layers are stacked without using an
adhesive agent. Such a stacked body can be fabricated by a method of stacking layers using an adhesive agent simul-
taneously with a film formation by extrusion using a co-extrusion method, and by a method of stacking layers by providing
one of the birefringent layers made of a polymer film in the stacked body, and stacking the other birefringent layer made
of a liquid crystal material or a non-liquid crystal material on the polymer film by coating or transferring. The latter method
using coating or transferring can be suitably used when the stacked body of the second λ/4 plate and the third-type
birefringent layer, and the stacked body of the first λ/4 plate and the third-type birefringent layer are fabricated, because
particularly the third-type birefringent layer is frequently fabricated by a method of being coating with the non-liquid
crystal material such as polyimide and the liquid crystal material such as cholesteric liquid crystal.
[0037] Functions of the second-type and third-type birefringent layers of the present invention will be described here-
after. As an example, a circularly polarizing VA mode liquid crystal display device (A) of the present invention corre-
sponding to the above embodiment (1) will be considered hereafter, in which the first polarizer, first λ/4 plate (first-type
birefringent layer), liquid crystal cells, third-type birefringent layer, second λ/4 plate (first-type birefringent layer), second-
type birefringent layer, and second polarizer are stacked in this order.
In the liquid crystal display device (A), the light incident on the first polarizer from a front direction, is converted to a
linearly polarized light by the first polarizer, and is converted to a circularly polarized light from the linearly polarized light
by the first λ/4 plate, then is transmitted through the liquid crystal cells and third-type birefringent layer, while maintaining
a polarization state, and is reconverted to the same linearly polarized light as the linearly polarized light immediately
after transmitting through the first polarizer from the circularly polarized light by the second λ/4 plate which is set in an
orthogonal relation with the first λ/4 plate, then is transmitted through the second-type birefringent layer while maintaining
a polarization state, and the linearly polarized light is cut off by the second polarizer which is orthogonally crossing the
first polarizer, to thereby obtain an excellent black display. Namely, the second-type and third-type birefringent layers
are not provided for the purpose of changing the polarization state of the light incident from the front direction.
[0038] Note that in the aforementioned description, explanation is given for a case that the black display can be
obtained by tracing the polarization state that is changed every time the light transmits through each layer. However, it
can also be understood intuitively by the following explanation. Specifically, the liquid crystal display device (A) can
perfectly provide a black display obtained by crossed Nicols polarizers in a front direction because of the following
reasons (1) to (4) . (1) The first and second λ/4 plates included between the first and second polarizers are invalidated
because they are orthogonally crossing each other and the phase differences are canceled between them due to having
the same phase differences (λ/4). (2) The second-type birefringent layer included between the first and second polarizers
is substantially invalidated because the fast axis of the second-type birefringent layer is orthogonally crossing the ab-
sorption axis of the second polarizer.(3) The third-type birefringent layer included between the first and second polarizers,
and the liquid crystal cells are substantially invalidated because the phase differences of the third-type birefringent layer
and the liquid crystal cells are zero in the front direction. (4) The crossed Nicols polarizers are formed by an orthogonal
relation between the first and second polarizers.
[0039] Meanwhile, in the liquid crystal display device of the present invention, if it is assumed that there is no conversion
of the polarization state due to the second-type and third-type birefringent layers, the light incident on the first polarizer
from the oblique direction is not cut off by the second polarizer, and therefore the perfect black display can’t be obtained
in the oblique direction for three reasons explained later. Namely, the second-type and third-type birefringent layers are
provided for the purpose of changing the polarization state of only the light incident from the oblique direction, and
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implementing viewing angle compensation.
[0040] As described above, the second-type and third-type birefringent layers of the present invention is capable of
obtaining an excellent black display even in the oblique direction while maintaining the excellent black display in the
front direction, thus making it possible to improve the contrast ratio in the oblique direction. In other words, the second-
type and third-type birefringent layers of the present invention are capable of improving a gray scale viewing angle in a
low gray scale. Accordingly, in the present invention, the gray scale viewing angle is improved from an intermediate gray
scale to a high gray scale at the azimuth angle of 45° by adjusting the azimuth in which the liquid crystal molecules are
tilted, and the gray scale viewing angle in the low gray scale is improved by providing the second-type and third-type
birefringent layers, to thereby realize the liquid crystal display device having excellent viewing angle characteristic.
[0041] Next, the above-mentioned three reasons for implementing viewing angle compensation by converting the
polarization state of the light incident from the oblique direction by the second-type and third-type birefringent layers,
will be described in detail. Here, as shown in FIG. 2, a circularly polarizing VA mode liquid crystal display device 100
with simplest structure is considered, in which a first polarizer (azimuth angle of the absorption axis: 90°) 110, a first λ/
4 plate (azimuth angle of the slow axis: 135°) 120, a VAmode liquid crystal cell 130, a second λ/4 plate (azimuth angle
of the slow axis: 45°) 140, and a second polarizer (azimuth angle of the absorption axis: 0°) 150 are stacked in this
order, wherein the second-type and third-type birefringent layers are not included. Note that in FIG. 2, arrows described
in the first and second polarizers 110, 150 indicate azimuths of the absorption axes thereof, and arrows described in
the first and second λ/4 plates 120, 140 indicate directions of the slow axes thereof, and ellipsoid described in the VA
mode liquid crystal cell 130 indicates a shape of an optical indicatrix thereof.
[0042] First, when the black display in the front direction is considered, the light incident on the first polarizer 110 from
the front direction is converted to the linearly polarized light by the first polarizer 110, and is converted to the circularly
polarized light from the linearly polarized light by the first λ/4 plate 120, and is transmitted through the liquid crystal cell
130 while maintaining the polarization state, and is reconverted to the same linearly polarized light as the light immediately
after transmitting through the first polarizer 110 from the circularly polarized light by the second λ/4 plate 140 which is
set in the orthogonal relation with the first λ/4 plate 120, and the linearly polarized light is cut off by the second polarizer
150 which is orthogonally crossing the first polarizer 110, to thereby obtain the excellent black display. In other words,
the liquid crystal display device 100 can perfectly provide a black display in the front direction because of the following
reasons (1) to (3) . (1) The first and second λ/4 plates 120, 140 included between the first and second polarizers 110,
150 are substantially invalidated because the first and second λ/4 plates 120, 140 orthogonally crossing each other,
and the phase differences are canceled between them due to having the same phase differences (λ/4) (2) The liquid
crystal cell 130 included between the first and second polarizers 110, 150 is substantially invalidated because phase
difference of the liquid crystal cell 130 is zero in the front direction.(3) So-called crossed Nicols polarizers are formed
by the orthogonal relation between the first and second polarizers 110, 150.
[0043] Next, when the black display in the oblique direction is considered, the perfect black display can’t be obtained
due to the following viewing angle inhibiting factors (1) to (3).

(1) The first and second λ/4 plates 120, 140 are not invalidated because the first and second λ/4 plates 120, 140
are not orthogonally crossing each other, or the phase difference of the first λ/4 plates 120 and the phase difference
of the second λ/4 plates 120, 140 are not same.
(2) The liquid crystal cell 130 is not invalidated because the phase difference of the liquid crystal cell 130 is not zero.
(3) The crossed Nicols polarizers are not formed because the first and second polarizers 110, 150 are not orthogonally
crossing each other.

[0044] The viewing angle inhibiting factors (1) to (3) will be described further in detail, with reference to FIG. 3. As
schematically shown in FIG. 3(a), a slow axis 121 of the first λ/4 plate 120 and a slow axis 141 of the second λ/4 plate
140 are orthogonally crossing each other in the front direction (in the normal direction with respect to the substrate
surface), and meanwhile the slow axis 121 of the first λ/4 plate 120 and the slow axis 141 of the second λ/4 plate 140
are not orthogonally crossing each other in the oblique direction at the azimuth angle of 0°, and therefore the phase
difference of the first λ/4 plate 120 and the phase difference of the second λ/4 plate 140 are not canceled by each other
As a result, the first λ/4 plate 120 and the second λ/4 plate 140 are not invalidated. Further, as schematically shown in
FIG. 3(b), the slow axis 121 of the first λ/4 plate 120 and the slow axis 141 of the second λ/4 plate 140 are orthogonally
crossing each other in the front direction, and meanwhile although the slow axis 121 and the slow axis 141 of the first
and second λ/4 plates 120, 140 are orthogonally crossing each other in the oblique direction at the azimuth angle of
45°, the phase difference of the first λ/4 plate 120 and the phase difference of the second λ/4 plate 140 are not same,
and therefore the phase difference of the first λ/4 plate 120 and the phase difference of the second λ/4 plate 140 are
not canceled by each other. This is because the phase difference is determined by the birefringence (difference in
refractive index) � thickness, wherein an effective birefringence is different in the front direction and in the oblique
direction, and the phase difference is also determined depending on the azimuth. For the same reason, the phase
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difference of the VA mode liquid crystal cell 130, being zero in the front direction, is not zero in an arbitrary oblique
direction. The birefringence effective only in the front direction is zero, and the phase difference is also zero. Further,
as schematically shown in FIG. 3 (c), an absorption axis 111 of the first polarizer 110 and an absorption axis 151 of the
second polarizer 150 are orthogonally crossing each other in the front direction, and meanwhile the absorption axis 111
of the first polarizer 110 and an absorption axis 151 of the second polarizer 150 are not orthogonally crossing each other
in the oblique direction at the azimuth angle of 45°.
[0045] As described above, the circularly polarizing VA mode liquid crystal display device 100 with a minimum structure
is not capable of obtaining the perfect black display in the oblique direction due to the aforementioned three viewing
angle inhibiting factors (1) to (3) . To put it the other way around, if compensation for these inhibiting factors, namely
optical compensation can be implemented, more excellent black display can be obtained even in the oblique direction.
Actually, the excellent black display is thus obtained by the viewing angle improvement techniques (A) to (E) described
above. Note that in many cases, the aforementioned viewing angle inhibiting factors (1) and (2) are observed in a
compounded state. Accordingly, when the viewing angle inhibiting factors (1) and (2) are optically compensated, they
are not individually optimized but a technique of comprehensively optimizing the viewing angle inhibiting factors (1) and
(2) is preferably used.
[0046] Then, in the liquid crystal display device (A), the viewing angle inhibiting factors (1) to (3) are designed to be
optically compensated simultaneously, based on a design guideline as will be described below in detail. Specifically,
the optical compensation is realized first by preparing the first and second λ/4 plates as versatile biaxial λ/4 plates (first-
type birefringent layer) satisfying the relation of nx > ny ≥ nz, and adjusting the Nz-coefficients of them to approximately
the same; second, by arranging the birefringent layer (second-type birefringent layer) satisfying the relation of nx < ny
≤ nz between the second λ/4 plate and the second polarizer, and third(if necessary), by arranging the birefringent layer
(third-type birefringent layer) satisfying the relation of nx = ny > nz between the first and second λ/4 plates.
[0047] Here, the design guideline of the birefringent layer will be described. Various examinations are attempted by
the inventors of the present invention, for easily and effectively implement the optical compensation for the viewing angle
inhibiting factors, and it is found that there are different factors required to be optically compensated, depending on the
azimuth. Then, as shown in the following Table 1, it is found that the optical compensation of the polarizers is not required
for the viewing angle inhibiting factor (3) at the azimuth angle of 0°. At the azimuth angle of 0°, the optical compensation
of the λ/4 plates may be implemented for the viewing angle inhibiting factor (1) and the optical compensation of the liquid
crystal cell may be implemented for the viewing angle inhibiting factor (2).
[0048]

[0049] Further, it is found by the inventors of the present invention, that the viewing angle inhibiting factors (1) and
(2) can be optically compensated simultaneously and effectively at the azimuth angle of 0°, by optimally adjusting Nz-
coefficient Nzq of the first and second λ/4 plates and the phase difference Rlc of the liquid crystal cells in the perpendicular
direction, based on an illustration of the polarization state using a Poincare sphere and a computer simulation, and by
arranging the third-type birefringent layer satisfying the relation of nx = ny > nz between the first and second λ/4 plates
as needed, and by optimally adjusting the phase difference R3 in the perpendicular direction. In this specification,
a.process of selecting optimal values of the Nz-coefficient Nzq of the first and second λ/4 plates, the phase difference
Rlc of the liquid crystal cells in the perpendicular direction, and the phase difference R3 of the third-type birefringent
layer in the perpendicular direction for the purpose of implanting the optical compensation in the azimuth angle of 0°, is
called a first step.
[0050] Then, it is also found by the inventors of the present invention, that after implementing the first step the viewing
angle inhibiting factors (1), (2), and (3) can be optically compensated simultaneously and effectively at the azimuth angle
of 45°, by arranging the second-type birefringent layer satisfying the relation of nx < ny ≤ nz between the second λ/4
plate and the second polarizer so that the in-plane fast axis is orthogonally crossing the absorption axis of the second
polarizer, and by optimally adjusting the Nz-coefficient Nz2 and the in-plane phase difference R2. In this specification,
after the implementation of the first step a process of selecting the optimal values of the Nz-coefficient Nz2 and the in-
plane phase difference R2 of the second-type birefringent layer for the purpose of implementing the optical compensation
at the azimuth angle of 45°, is called a second step.

[Table 1]

Azimuth
Optical compensation

(1) λ/4 plates (2) Liquid crystal cell (3) Polarizers

0° Needed Needed Unneeded

45° Needed Needed Needed
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[0051] The in-plane fast axis of the second-type birefringent layer added in the second step, is arranged so as to
approximately orthogonally cross the absorption axis of the adjacent second polarizer. Therefore, the optical characteristic
is not completely changed in the azimuth of the absorption axis of the second polarizer, namely, at the azimuth angle
of 0°. Namely, an optical compensation process of the present invention is characterized in that an optimized state
obtained in the first step is still maintained even after the second step. Thus, the first step and the second step can be
completely independently examined, thereby making it easy to design the birefringent layer.
[0052] Details of an optical compensation principle in the first step and the second step are explained as follows based
on an illustration using the Poincare sphere. A concept based on the Poincare sphere is widely known in a field of crystal
optics as a useful technique of tracing a polarization state that is converted through the birefringent layer (for example,
see pp.146-163 of "Crystal optics" written by Hiroshi Takasaki, by Morikita Publishing Co., Ltd., 1975).
[0053] In the Poincare sphere, clockwise polarized light is shown in an upper hemisphere, counterclockwise polarized
light is shown in a lower hemisphere, linearly polarized light is shown on an equator, and right-handed circularly polarized
light and left-handed circularly polarized light are respectively shown in both upper and lower poles. In two polarization
state set in a symmetrical relationship with respect to a center of a sphere, absolute values of ellipticity angles are equal
to each other, and polarities are reverse, thus forming a pair of the orthogonally polarized lights.
[0054] Further, as an effect of the birefringent layer on the Poincare sphere, a point indicating the polarization state
immediately before passing through the birefringent layer is converted to a point rotationally moved counterclockwise
by an angle determined by (2π) � (phase difference)/(wavelength) (unit: rad) around the slower axis on the Poincare
sphere (in other words more exactly, a position of the point on the Poincare sphere indicating the polarization state of
a slower mode out of two intrinsic vibration modes of birefringent layer)(the same thing can be said even if the point is
rotationally moved clockwise around the fast axis).
[0055] A rotation center and a rotation angle observed from the oblique direction are determined by the slow axis (or
the fast axis) and the phase difference at an observation angle. Although detailed explanation is omitted, the rotation
center and the rotation angle can be calculated by knowing a vibrating direction and a wave vector of the intrinsic vibration
mode in the birefringent layer by solving Fresnel’s wave normal equation for example. The slow axis observed from the
oblique direction depends on an observation angle and the Nz-coefficient, and the phase difference observed from the
oblique direction depends on the observation angle, the Nz-coefficient, and the in-plane phase difference R (or the phase
difference Rth in the perpendicular direction).

(Compensation principle of the first step)

[0056] First, regarding the circularly polarizing VA mode liquid crystal display device 100 of FIG. 2, the polarization
state observed from the front direction will be considered. Under this condition, FIG. 4 shows the polarization state on
the S1-S2 plane of the Poincare sphere, every time the light emitted from a backlight (although not shown in FIG. 2, the
backlight is located below the first polarizer) is transmitted through each polarizer 110, 150, each birefringent layer 120,
140, and the liquid crystal cell 130. Note that although points indicating each polarization state are actually located on
the Poincare sphere, they are shown by projected them on the S1-S2 plane. Further, the point indicating the polarization
state is shown by "O", and the point indicating the slow (fast) axis of the birefringent layer is shown by "x".
[0057] First, the polarization state immediately after transmitting through the first polarizer 110 is located at point P0
on the Poincare sphere, and coincides with the polarization state capable of absorbing light by the second polarizer 150
shown by point E, namely, coincides with an extinction point of the second polarizer 150 (coincides with the azimuth of
the absorption axis). Then, by transmitting through the first λ/4 plate 120, the polarization state shown by point P0
receives a rotational conversion of a certain angle around the slow axis of the first λ/4 plate 120 shown by point Q1 on
the Poincare sphere, and reaches point P1. A rotating direction at this time is counterclockwise when viewed from point
Q1 toward original point O (Central point of the Poincare sphere).
[0058] Next, the light transmits through the VA mode liquid crystal cell 130, but the phase difference of the VA mode
liquid crystal cell 130 is zero in the front direction, and therefore the polarization state is not converted. Finally, by
transmitting through the second λ/4 plate 140, the polarization state receives the rotational conversion of a certain angle
around the slow axis of the second λ/4 plate 140 shown by point Q2, and reaches point P2. The point P2 coincides with
extinction point E of the second polarizer 150. Thus, the liquid crystal display device 100 of FIG. 2 is capable of cutting
off the light from the backlight if being observed from the front direction, and the excellent black display can be obtained.
[0059] Further, when the circularly polarizing VA mode liquid crystal display device 100 of FIG. 2 is observed from a
direction tilted by 60° from the normal direction (called a polar angle 60° in some cases) at the azimuth of the absorption
axis of the second polarizer 150, namely at the azimuth angle of 0°, the polarization state at this time will be considered.
Under this condition, FIG. 5 shows the polarization state on the S1-S2 plane of the Poincare sphere, every time the light
emitted from a backlight is transmitted through each polarizer 110, 150, each birefringent layer 120, 140, and the liquid
crystal cell 130.
[0060] First, the polarization state immediately after transmitting through the first polarizer 110 is located at point P0
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on the Poincare sphere, and coincides with the polarization state capable of absorbing light by the second polarizer 150
shown by point E, namely, coincides with an extinction point of the second polarizer 150 (coincides with the azimuth of
the absorption axis) . Then, by transmitting through the first λ/4 plate 120, the polarization state shown by point P0
receives the rotational conversion of a certain angle around the slow axis of the first λ/4 plate 120 shown by point Q1
on the Poincare sphere, and reaches point P1. A rotating direction at this time is counterclockwise when viewed from
point Q1 toward original point O.
[0061] Next, after transmitting thorough the VA mode liquid crystal cell 130, the polarization state receives the rotational
conversion of a certain angle around the slow axes of the liquid crystal cell 130 shown by point L on the Poincare sphere,
and reaches point P2. The rotating direction at this time is counterclockwise when viewed from point L toward original
point O. Finally, by transmitting through the second λ/4 plate 140, the polarization state receives the rotational conversion
of a certain angle around the slow axis of the second λ/4 plate 140 shown by point Q2, and reaches point P3. The point
P3 does not coincide with the extinction point E of the second polarizer 150. Thus, the liquid crystal display device 100
of FIG. 2 can’t cut off the light from the backlight if being observed from the azimuth angle of 0° and polar angle of 60°.
[0062]  Note that positions of point P1 to point P3 in FIG. 4 and FIG. 5 depend on the Nz-coefficient Nzq of the first
and second λ/4 plates 120, 140, and the phase difference Rlc of the liquid crystal cell 130 in the perpendicular direction.
In FIG. 4 and FIG. 5, a case of Nzq = 1.6, and Rlc = 320 nm is shown as an example. The position of each point is
shown roughly for easy understanding, which is however sometimes not accurate if strictly speaking. Further, in order
to clearly show the figure, arrows indicating the traces of conversion at points P1 to P3 are not shown. Note that Rlc of
the VA mode liquid crystal cell 130 is typically about 320 nm, and generally is adjusted in a range of 270nm to 400 nm.
For example, Rlc is set to be larger than 320 nm in some cases, for the purpose of increasing transmissivity. Nzq of the
first and second λ/4 plates 120, 140 is generally adjusted in a range of 1.0 to 2. 9. For example, the λ/4 plate satisfying
Nzq = 2.9 is suitably used, when using the VA mode liquid crystal cell with Rlc set in the vicinity of 400 nm, including no
third-type birefringent layer.
[0063] Next, as shown in FIG. 6, a circularly polarizing VA mode liquid crystal display device 200 will be considered,
which includes the third-type birefringent layer in which a first polarizer (azimuth angle of the absorption axis: 90°) 210,
a first λ/4 plate (azimuth angle of the slow axis: 135°) 220, VA mode liquid crystal cell 230, a third-type birefringent layer
235, a second λ/4 plate (azimuth angle of the slow axis: 45°) 240, and a second polarizer (azimuth angle of the absorption
axis: 0°) 250 are stacked in this order. Note that in FIG. 6, arrows described in the first and second polarizers 210, 250
indicate azimuths of the absorption axes thereof, and arrows described in the first and second λ/4 plates 220, 240
indicate azimuths of the slow axes thereof, and ellipsoids described in the VA mode liquid crystal cell 230 and the third-
type birefringent layer 235 indicate a shape of an optical indicatrix thereof.
[0064] First, the polarization state will be considered when the circularly polarizing VA mode liquid crystal display
device 200 of FIG. 6 is observed from the front direction. Under this condition, FIG. 7 shows the polarization state on
the S1-S2 plane of the Poincare sphere, every time the light emitted from a backlight (although not shown in FIG. 6, the
backlight is located below the first polarizer 210) is transmitted through each polarizer 210, 250, each birefringent layer
220, 240, and the liquid crystal cell 230.
[0065] First, the polarization state immediately after transmitting through the first polarizer 210 is located at point P0
on the Poincare sphere, and coincides with the polarization state capable of absorbing light by the second polarizer 250
shown by point E, namely, coincides with the extinction point of the second polarizer 250 (coincides with the azimuth of
the absorption axis). Then, by transmitting through the first λ/4 plate 220, the polarization state shown by point P0
receives the rotational conversion of a certain angle around the slow axis of the first λ/4 plate 220 shown by point Q1
on the Poincare sphere, and reaches point P1. The rotating direction at this time is counterclockwise when viewed from
point Q1 toward original point O.
[0066] Next, the light transmits through the VA mode liquid crystal cell 230 and the third-type birefringent layer 235,
but the phase differences of the VA mode liquid crystal cell 230 and the third-type birefringent layer 235 is zero in the
front direction, and therefore the polarization state is not changed. Finally, by transmitting through the second λ/4 plate
240, the polarization state receives the rotational conversion of a certain angle around the slow axis of the second λ/4
plate 240 shown by point Q2, and reaches point P2. The point P2 coincides with the extinction point E of the second
polarizer 250. Thus, similarly to the liquid crystal display device 100 of FIG. 2, the liquid crystal display device 200 of
FIG. 6 is capable of cutting off the light from the backlight if being observed from the front direction, and the excellent
black display can be obtained.
[0067] The polarization state will be considered when the circularly polarizing VA mode liquid crystal display device
200 of FIG. 6 is observed from a direction tilted by 60° at the azimuth angle of 0° of the absorption axis of the second
polarizer 210. Under this condition, FIG. 8 shows the polarization state on the S1-S2 plane of the Poincare sphere, every
time the light emitted from the backlight is transmitted through each polarizer 210, 250, each birefringent layer 220, 240,
and the liquid crystal cell 230.
[0068] First, the polarization state immediately after transmitting through the first polarizer 210 is located at point P0
on the Poincare sphere, and coincides with the polarization state capable of absorbing light by the second polarizer 250
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shown by point E, namely, coincides with the extinction point of the second polarizer 250 (coincides with the azimuth of
the absorption axis) . Then, by transmitting through the first λ/4 plate 220, the polarization state shown by point P0
receives the rotational conversion of a certain angle around the slow axis of the first λ/4 plate 220 shown by point Q1
on the Poincare sphere, and reaches point P1. The rotating direction at this time is counterclockwise when viewed from
point Q1 toward original point O.
[0069] Next, by transmitting through the VA mode liquid crystal cell 230, the polarization state receives the rotational
conversion of a certain angle around the slow axes of the liquid crystal cell 230 shown by point L on the Poincare sphere,
and reaches point P2. The rotating direction at this time is counterclockwise when viewed from point L toward original
point O. Next, by transmitting through the third-type birefringent layer 235, the polarization state receives the rotational
conversion of a certain angle around the slow axis of the third-type birefringent layer 235 shown by point R3 on the
Poincare sphere, and reaches point P3. The rotating direction at this time is counterclockwise when viewed from point
R3 toward original point O. Finally, by transmitting through the second λ/4 plate 240, the polarization state receives the
rotational conversion of a certain angle around the slow axis of the second λ/4 plate 240 shown by point Q2, and reaches
point P4, and the point P4 coincides with the extinction point E of the second polarizer 250. Thus, similarly to a case of
being observed from the front direction, the liquid crystal display device 200 of FIG. 6 is capable of cutting off the light
from the backlight in a case of being observed from the oblique direction at the azimuth angle of 0° and at the polar
angle of 60°.
[0070] Note that in FIG. 7 and FIG. 8, positions of point P1 to point P4 depend on the Nz-coefficient Nzq of the first
and second λ/4 plates 220, 240, the phase difference R1c of the liquid crystal cell 230 in the perpendicular direction,
and the phase difference R3 of the third-type birefringent layer 235 in the perpendicular direction, and in FIG. 7 and FIG.
8, a case of Nzq = 1.6, and Rlc = 320 nm, and R3 = -129 nm is shown as an example. The position of each point is
shown roughly for easy understanding, which is however sometimes not accurate if strictly speaking. Further, in order
to clearly show the figure, arrows indicating the trace regarding the conversion of points P1 to P4 are not shown.
[0071] Then, as a result of examination by the inventors of the present invention, it is found that there is an optimal
phase difference value R3 of the third-type birefringent layer 235, which depends on the Nz-coefficient Nzq of the first
and second λ/4 plates 220, 240. FIG. 9 and FIG. 10 show the polarization state in a case that the circularly polarizing
VA mode liquid crystal display device 200 of FIG. 6 is observed from the direction tilted by 60° at the azimuth angle of
0° of the absorption axis of the second polarizer 250 on the S1-S2 plane of the Poincare sphere, wherein FIG. 9 shows
a case that Nzq = 2.0, Rlc = 320 nm, R3 = -61 nm, and FIG. 10 shows a case that Nzq = 2.35, R1c = 320 nm, R3 = 0 nm.
[0072] As is clarified from FIG. 8, FIG. 9, and FIG. 10, point P1 indicating the polarization state immediately after
transmitting through the first λ/4 plate 220, and point P2 indicating the polarization state after further transmitting through
the VA mode liquid crystal cell 230, are closer to the points which are symmetric with respect to S1 axis, as the Nz-
coefficient Nzq of the first and second λ/4 plates 220, 240 becomes larger. Therefore, an amount of P2→P3 conversion
required for superimposing point P4 on point E, namely an absolute value of the required phase difference R3 of the
third-type birefringent layer 235, becomes smaller. As described above, Rlc of the VA mode liquid crystal cell 230 is
generally adjusted in a range of 270nm to 400 nm, and therefore when Nzq of the first and second λ/4 plates 220, 240
exceeds 2.00, the required phase difference R3 of the third-type birefringent layer 235 becomes approximately zero.
Namely, the third-type birefringent layer 235 can be eliminated. The required phase difference R3 of the third-type
birefringent layer becomes approximately zero when Nzq = 2.35, with respect to Rlc = 320 nm, being a phase difference
value of a typical VA mode liquid crystal cell.
[0073] Here, Table 2 and FIG. 11 show the results obtained by examining a relation between the Nz-coefficient Nzq
of the first and second λ/4 plates 220, 240, and an optimal value of the phase difference R3 of the third-type birefringent
layer 235 in the perpendicular direction, based on a computer simulation. In the illustration using the Poincare sphere
of FIG. 8, FIG. 9 and FIG. 10, the conversion of the polarization state of point P1→P3 is shown by dividing it into P1→P2
conversion based on the phase difference R1c of the VA mode liquid crystal cell 230 in the perpendicular direction, and
P2→P3 conversion based on the phase difference R3 of the third-type birefringent layer 235 in the perpendicular direction.
However, in these two conversions, rotation centers are same, and simply rotating directions are opposite to each other,
wherein the rotating direction is determined by a sign of the phase difference in the perpendicular direction, and a rotation
angle is determined by the absolute value of the phase difference in the perpendicular direction. Accordingly, it comes
to the same thing that the aforementioned two conversions are considered to be a direct P1→P3 conversion based on
"total phase difference Rlc + R3 of ’VA mode liquid crystal cell 230 + third-type birefringent layer 235’ in the perpendicular
direction". In other words, if Rlc + R3 are the same values, the optical characteristics of the liquid crystal display device
are the same, irrespective of the phase difference Rlc of the VA mode liquid crystal cell 230 in the perpendicular direction.
Accordingly, Table 2 shows the results obtained by calculating the optimal value of Rlc + R3 based on the computer
simulation. As is clarified from Table 2 and FIG. 11, in the relation between Nzq and optimal Rlc + R3, the following
formula (A) gives a sufficiently better approximation in a range of 1.0 ≤ Nzq ≤ 2. 9. Solid line shown in FIG. 11 shows
the following formula (A). 
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[0074] From a viewpoint of realizing a liquid crystal display with high contrast ratio in a wider viewing angle range, Rlc
+ R3, being a sum of the phase difference Rlc of the VA mode liquid crystal cells 230 in the perpendicular direction at
a black display time (when the voltage is not applied to the liquid crystal layer) and the phase difference R3 of the third-
type birefringent layer 235 in the perpendicular direction, is preferably the optimal value shown in Table 2 and FIG. 11,
although it may be slightly deviated from the optimal value if within a range not largely reducing the contrast ratio from
the oblique viewing angle, and is preferably within a range of �30 nm of the optimal value from a viewpoint of showing
the effect of the present invention sufficiently.
[0075]

(Compensation principle of the second step)

[0076] First, the following case is considered: namely, the liquid crystal display device 200 of FIG. 6 that has undergone
the first step is observed from a direction tilted by 60° at the azimuth angle of 45°, being the azimuth bisecting the azimuth
angle of 90° of the absorption axis of the first polarizer 210 and the azimuth angle of 0° of the absorption axis of the
second polarizer 250. As described above, in the first step, optical compensation is implemented for the liquid crystal
display device 200 at the azimuth angle of 0°, by selecting optimal values of the phase difference Rlc of the liquid crystal
cell 230 in the perpendicular direction, and the phase difference R3 of the third-type birefringent layer 235 in the per-
pendicular direction, which depend on the Nz-coefficient Nzq of the first and second λ/4 plates 220, 240. Under this
condition, FIG. 12 shows the polarization state on the S1→S2 plane of the Poincare sphere, every time the light emitted
from the backlight is transmitted through each polarizer 210, 250, each birefringent layer 220, 240, and the liquid crystal
cell 230.
[0077] First, the polarization state immediately after transmitting through the first polarizer 210 is located at point P0.
on the Poincare sphere, which does not coincide with the polarization state capable of absorbing light by the second
polarizer 250 shown by point E, namely, does not coincide with the extinction point (does not coincide with the azimuth
of the absorption axis) of the second polarizer 250. In the oblique direction at the azimuth angle of 45°, the first and
second polarizers 210, 250 are not orthogonally crossing each other, thus indicating that the optical compensation is
required. Then, by transmitting through the first λ/4 plate 220, the polarization state located at point P0 receives the
rotational conversion of a certain angle around the slow axis of the first λ/4 plate 220 shown by point Q1 on the Poincare
sphere, and reaches point P1. The rotating direction at this time is counterclockwise when viewed from point Q1 toward
original point O.
[0078] Next, by transmitting through the VA mode liquid crystal cell 230, the polarization state receives the rotational
conversion of a certain angle around the slow axes of the liquid crystal cell 230 shown by point L on the Poincare sphere,

[Table 2]

Nzq Rlc+R3(nm)

1. 00 88

1. 10 105

1. 20 122

1. 30 140

1. 40 157

1. 50 174

1. 60 191

1. 70 208

2. 00 259

2. 30 309

2. 40 325

2. 50 342

2. 90 406
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and reaches point P2. The rotating direction at this time is counterclockwise when viewed from point L toward original
point O. Next, by transmitting through the third-type birefringent layer 235, the polarization state receives the rotational
conversion of a certain angle around the slow axis of the third-type birefringent layer 235 shown by point R3 on the
Poincare sphere, and reaches point P3. The rotating direction at this time is counterclockwise when viewed from point
R3 toward original point O. Finally, by transmitting through the second λ/4 plate 240, the polarization state receives the
rotational conversion of a certain angle around the slow axis of the second λ/4 plate 240 shown by point Q2, and reaches
point P4. The point P4 does not coincide with the extinction point E of the second polarizer 250. Thus, the liquid crystal
display device 200 of FIG. 6 can’t cut off the light from the backlight, when being observed from the oblique direction at
the azimuth angle of 45° and at the polar angle of 60°. Specifically, at the azimuth angle of 45°, the optical compensation
is not implemented for the liquid crystal display device 200 that has just undergone the first step.
[0079] Note that positions of point P1 to point P4 in FIG. 12 depend on the Nz-coefficient Nzq of the first and second
λ/4 plates 220, 240, the phase difference Rlc of the liquid crystal cell 230 in the perpendicular direction, and the phase
difference R3 of the third-type birefringent layer 235 in the perpendicular direction. In FIG. 12, a case of Nzq = 1.6, and
Rlc = 320 nm, R3 = -129 nm is shown as an example. The position of each point is shown roughly for easy understanding,
which is however sometimes not accurate if strictly speaking. Further, in order to clearly show the figure, arrows indicating
the trace of the conversion at points P1 to P4 are not shown.
[0080] Next, as shown in FIG. 13, the circularly polarizing VA mode liquid crystal display device 300 will be considered,
which includes the second-type birefringent layer in which a first polarizer (azimuth angle of the absorption axis: 90°)
310, a first λ/4 plate (azimuth angle of the slow axis: 135°) 320, VA mode liquid crystal cell 330, a third-type birefringent
layer 335, a second λ/4 plate (azimuth angle of the slow axis: 45°) 340, a second-type birefringent layer (azimuth angle
of the fast axis: 90°) 345, and a second polarizer (azimuth angle of the absorption axis: 0°) 350 are stacked in this order.
The second-type birefringent layer is added to the structure of FIG. 6 for implementing the optical compensation at the
azimuth angle of 45°. Note that in FIG. 13, arrows described in the first and second polarizers 310, 350 indicate the
azimuths of the absorption axes thereof, and arrows described in the first and second λ/4 plates 320, 340 indicate the
azimuths of the slow axes thereof, and arrows described in the second-type birefringent layer 345 indicate the azimuth
of the fast axis thereof, and ellipsoids described in the VA mode liquid crystal cell 330 and the third-type birefringent
layer 335 indicate a shape of an optical indicatrix thereof.
[0081] First, the polarization state when the circularly polarizing VA mode liquid crystal display device 300 of FIG. 13
is observed from the front direction, will be considered. FIG. 14 shows the polarization state on the S1-S2 plane of the
Poincare sphere, every time the light emitted from the backlight (in FIG. 13, although not shown, the backlight is located
below the first polarizer 310) is transmitted through each polarizer 310, 350, each birefringent layer 320, 340, and the
liquid crystal cell 330.
[0082] First, the polarization state immediately after transmitting through the first polarizer 310 is located at point P0
on the Poincare sphere, and coincides with the polarization state capable of absorbing light by the second polarizer 350
shown by point E, namely, coincides with the extinction point (coincides with the azimuth of absorption axis) of the
second polarizer 350. Then, by transmitting through the first λ/4 plate 320, the polarization state located at point P0
receives the rotational conversion of a certain angle around the slow axis of the first λ/4 plate 320 shown by point Q1
on the Poincare sphere, and reaches point P1. The rotating direction at this time is counterclockwise when viewed from
point Q1 toward original point O.
[0083] Next, although transmitting through the VA mode liquid crystal cell 330 and the third-type birefringent layer
335, the phase differences of the VA mode liquid crystal cell 330 and the third-type birefringent layer 335 is zero in the
front direction, and therefore the polarization state is not changed. Next, by transmitting through the second λ/4 plate
340, the polarization state receives the rotational conversion of a certain angle around the slow axis of the second λ/4
plate 340 shown by point Q2, and reaches point P2. Finally, although transmitting through the second-type birefringent
layer 345, the polarization state located at point P2 is not changed from point P2, even if receiving the rotational conversion
of a certain angle around the fast axis of the second-type birefringent layer 345 shown by point R2 on the Poincare
sphere. Then, the point P2 coincides with the extinction point E of the second polarizer 350. Thus, the liquid crystal
display device 300 of FIG. 13 can cut off the light from the backlight, similarly to the liquid crystal display device 100 of
FIG. 2 if being observed from the front direction, and the excellent black display can be obtained.
[0084] Then, the polarization state of the circularly polarizing VA mode liquid crystal display device 300 of FIG. 13 will
be considered when being observed from the direction tilted by 60° at the azimuth angle of 45°. Under this condition,
FIG. 15 shows the polarization state on the S1-S2 plane of the Poincare sphere, every time the light emitted from the
backlight transmits through each polarizer 310, 350, each birefringent layer 320, 340, and the liquid crystal cell 330.
[0085] First, the polarization state is located at point P0 on the Poincare sphere immediately after transmitting through
the first polarizer 310, and does not coincide with the polarization state capable of absorbing light by the second polarizer
350 shown by point E, namely, does not coincide with the extinction point (does not coincide the azimuth of the absorption
axis) of the second polarizer 350. Then, by transmitting through the first λ/4 plate 320, the polarization state located at
point P0 receives the rotational conversion of a certain angle around the slow axis of the first λ/4 plate 320 shown by
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point Q1 on the Poincare sphere, and reaches point P1. The rotating direction at this time is counterclockwise when
viewed from point Q1 to original point O.
[0086] Next, by transmitting through the VA mode liquid crystal cell 330, the polarization state receives the rotational
conversion of a certain angle around the slow axes of the liquid crystal cell 330 shown by point L on the Poincare sphere,
and reaches point P2. The rotating direction at this time is counterclockwise when viewed from point L toward original
point O. Next, by transmitting through the third-type birefringent layer 335, the polarization state receives the rotational
conversion of a certain angle around the slow axis of the third-type birefringent layer 335 shown by point R3 on the
Poincare sphere, and reaches point P3. The rotating direction at this time is counterclockwise when viewed from point
R3 toward original point O. Next, by transmitting through the second λ/4 plate 340, the polarization state receives the
rotational conversion of a certain angle around the slow axis of the second λ/4 plate 340 shown by point Q2, and reaches
point P4. Finally, by transmitting through the second-type birefringent layer 345, the polarization state receives the
rotational conversion of a certain angle around the fast axis of the second-type birefringent layer 345 shown by point
R2 on the Poincare sphere, and reaches point P5. The rotating direction at this time is counterclockwise when viewed
from point R2 toward original point O. The point P5 coincides with the extinction point E of the second polarizer 350.
Thus, similarly to the case that the liquid crystal display device is observed from the front direction, the liquid crystal
display device 300 of FIG. 13 can cut off the light from the backlight even when being observed from the oblique direction
at the azimuth angle of 45° and at the polar angle of 60°.
[0087] Finally, the polarization state of the circularly polarizing VA mode liquid crystal display device 300 of FIG. 13
will be considered, when being observed from the direction tilted by 60° at the azimuth angle of 0°. Under this condition,
FIG. 16 shows the polarization state on the S1-S2 plane of the Poincare sphere every time the light emitted from the
backlight is transmitted through each polarizer 310, 350, each birefringent layer 320, 340, and the liquid crystal cell 330.
[0088] First, the polarization state immediately after transmitting through the first polarizer 310 is located at point P0
on the Poincare sphere, and coincides with the polarization state capable of absorbing light by the second polarizer 350
shown by point E, namely, coincides with the extinction point (coincides with the azimuth of the absorption axis) of the
second polarizer 350. Then, by transmitting through the first λ/4 plate 320, the polarization state located at point P0
receives the rotational conversion of a certain angle around the slow axis of the first λ/4 plate 320 shown by point Q1
on the Poincare sphere, and reaches point P1. The rotating direction at this time is counterclockwise when viewed from
point Q1 toward original point O.
[0089] Next, by transmitting through the VA mode liquid crystal cell 330, the polarization state receives the rotational
conversion of a certain angle around the slow axes of the liquid crystal cell 330 shown by point L on the Poincare sphere,
and reaches point P2. The rotating direction at this time is counterclockwise when viewed from point L toward original
point O. Next, by transmitting through the third-type birefringent layer 335, the polarization state receives the rotational
conversion of a certain angle around the slow axis of the third-type birefringent layer 335 shown by point R3 on the
Poincare sphere, and reaches point P3. The rotating direction at this time is counterclockwise when viewed from point
R3 toward original point O. Next, by transmitting through the second λ/4 plate 340, the polarization state receives the
rotational conversion of a certain angle around the slow axis of the second λ/4 plate 340 shown by point Q2, and reaches
point P4. Finally, although transmitting through the second-type birefringent layer 345, the polarization state located at
point P4 is not changed from the point P4 even when receiving the rotational conversion of a certain angle around the
fast axis of the second-type birefringent layer 345 shown by point R2 on the Poincare sphere, and the point P4 coincides
with the extinction point E of the secondpolarizer 350. Thus, similarly to the liquid crystal display device observed from
the front direction, the liquid crystal display device 300 of FIG. 13 can cut off the light from the backlight, even if being
observed from the oblique direction at the azimuth angle of 0° and at the polar angle of 60°, and the excellent black
display can be obtained.
[0090] Thus, the liquid crystal display device 300 of FIG. 13 that has just finished the second step, can cut off the light
from the backlight in all directions of the front direction, the oblique direction at the azimuth angle of 0°, and the oblique
direction at the azimuth angle of 45°. Thus, the excellent black display can be obtained.
[0091] Note that in FIG. 14, FIG. 15, and FIG. 16, positions of point P1 to point P5 depend on the Nz-coefficient Nzq
of the first and second λ/4 plates 320, 340, the phase difference Rlc of the liquid crystal cell 330 in the perpendicular
direction, the phase difference R3 of the third-type birefringent layer 335 in the perpendicular direction, the Nz-coefficient
Nz2, and in-plane phase difference R2 of the second-type birefringent layer 345. However, FIG. 14, FIG. 15, and FIG.
16 show a case that Nzq = 1.6, Rlc = 320 nm, R3 = -129 nm, Nz2 = -0.30, and R2 = 118 nm as an example. The position
of each point is shown roughly for easy understanding, which is however sometimes not accurate if strictly speaking.
Further, in order to clearly show the figure, arrows indicating the trace of the conversion at points P1 to P5 are not shown.
[0092] Then, as a result of the examination by the inventors of the present invention, it is found that there are optimal
Nz-coefficient Nz2 and phase difference value R2 of the second-type birefringent layer 345, depending on the Nz-
coefficient Nzq of the first and second λ/4 plates 320, 340. FIG. 17 and FIG. 18 show the polarization state on the S1-
S2 plane of the Poincare sphere when the circularly polarizing VA mode liquid crystal display device 300 in FIG. 13 is
observed from the direction tilted by 60° at the azimuth angle of 45° of the absorption axis of the second polarizer 350,
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wherein FIG. 17 shows a case that Nzq = 2.0, Rlc = 320 nm, R3 = -61 nm, Nz2 = -1.00, and R2 = 94 nm, and FIG. 18
shows a case that Nzq = 2.35, Rlc = 320 nm, R3 = 0 nm, Nz2 = -1.80, and R2 = 90 nm.
[0093] As is clarified from FIG. 16, FIG. 17, and FIG. 18, point P4 showing the polarization state immediately before
transmitting through the second-type birefringent layer 345 is away from point E, being the extinction point, as the Nz-
coefficient Nzq of the first and second λ/4 plates 320, 340 becomes larger. Therefore, a rotation radius of P4→P5
conversion required for superimposing point P4 on point E needs to be large. As a result of the examination by the
inventors of the present invention, biaxiality of the second-type birefringent layer 345 needs to be increased for making
the rotation radius large. Namely, the Nz-coefficient needs to be smaller.
[0094] Here, Table 3, FIG. 19, and FIG. 20 show the relation between the Nz-coefficient Nzq of the first and second
λ/4 plates 320, 340, and the optimal values of the Nz-coefficient Nz2 and the in-plane phase difference R2 of the second-
type birefringent layer 345. As is clarified from the Table 3, FIG. 19, and FIG. 20, although not being simple generally,
the following formulas (B) and (C) give a sufficiently good approximation to the optimal relation between Nzq and optimal
Nz2, R2, in a range of 1.0 ≤ Nzq ≤ 2.9. The solid line shown in FIG. 19 and FIG. 20 show this fact. 

[0095] From the viewpoint of realizing the liquid crystal display with high contrast ratios in a wider viewing angle range,
Nz2 and R2 of the second-type birefringent layer 345 are preferably the optimal values shown in Table 3, FIG. 19, and
FIG. 20, but may be slightly deviated from the optimal values within a range not largely reducing the contrast ratio at the
oblique viewing angle. From the viewpoint of sufficiently exhibiting the effect of the present invention, Nz2 is preferably
in a range of �0.35 of the optimal value, and R2 is preferably in a range of �30 nm of the optimal value.
[0096] Further, according to the Table 3 and FIG. 19, the optimal value of Nz2 is in a range of 0 < Nz2 < 1 wherein
Nzq < 1.40. The birefringent layer showing the Nz-coefficient in this range is a biaxial phase difference film satisfying
the relation of nx > nz > ny, not corresponding to the second-type birefringent layer, and is an expensive film more
difficult to be manufactured than the second-type birefringent layer. Note that it is preferable to satisfy 1.40 ≤ Nzq in a
point that the aforementioned point is solved. The inventors of the present invention examine a method for easily realizing
the liquid crystal display with high contrast ratios in a wider viewing angle range at a low cost, in a range of Nzq < 1.40.
As a result, it is found that in the range of Nzq < 1.40, similar effect can be sufficiently exhibited if the second-type
birefringent layer satisfying Nz2 = 0, R2 = 138 nm is used, instead of the birefringent layer satisfying optimal Nz2, R2
shown in Table 3, FIG. 19, and FIG. 20. For example, when optimal R2 is calculated with Nz2 fixed to Nz2 = 0 in each
example of Nzq = 1.00, 1.10, 1.20, 1.30, the optimal R2 is 138 nm in any one of them, irrespective of Nzq. From the
viewpoint of sufficiently exhibiting the effect of the present invention, it is preferable to satisfy -0.35 ≤ Nz2 ≤ 0, and 108
nm ≤ R2 ≤ 168 nm (a range of �30 nm of the optimal value 138 nm).
[0097]

[Table 3]

Nzq Nz2 R2(nm)

1. 00 0. 35 186

1. 10 0. 25 169

1. 20 0. 15 154

1. 30 0. 10 148

1. 40 -0. 05 134

1. 50 -0. 15 127

1. 60 -0. 30 118

1. 70 -0. 45 111

2. 00 -1. 00 94

2. 30 -1. 65 81

2. 40 -1. 90 78
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[0098] Also, as a result of similarly examining the aforementioned embodiment (2) wherein the second-type birefringent
layer is arranged on both sides of the liquid crystal cell, it is found that there are optimal Nz-coefficient Nz2 and phase
difference value R2 of the first and second second-type birefringent layer, which depend on the Nz-coefficient Nzq of
the first and second λ/4 plates.
[0099] Table 4, FIG. 21, and FIG. 22 show the results obtained by examining the relation between the Nz-coefficient
Nzq of the first and second λ/4 plates, and the optimal values of the Nz-coefficient Nz2 and in-plan phase difference R2
of the first and second second-type birefringent layers. As is clarified from the Table 4, FIG. 21, and FIG. 22, although
not being simple generally, the following formulas (D) and (E) give a sufficiently good approximation to the optimal
relation between Nzq and optimal Nz2, R2, in a range of 1.0 ≤ Nzq ≤ 2.9. The solid line shown in FIG. 21 and FIG. 22
show this fact. 

[0100] From the viewpoint of realizing the liquid crystal display with high contrast ratios in a wider viewing angle range,
Nz2 and R2 of the first and second second-type birefringent layers are preferably optimal values shown in Table 4, FIG.
21, and FIG. 22, but may be slightly deviated from the optimal values within a range not largely reducing the contrast
ratio at the oblique viewing angle. From the viewpoint of sufficiently exhibiting the effect of the present invention, Nz2 is
preferably in a range of �0.45 of the optimal value, and R2 is preferably in a range of �40 nm of the optimal value.
[0101] Further, according to the Table 4 and FIG. 21, the optimal value of Nz2 is in a range of 0 < Nz2 < 1 wherein
Nzq < 2.00. The birefringent layer showing the Nz-coefficient in this range is the biaxial phase difference film satisfying
the relation of nx > nz > ny, not corresponding to the second-type birefringent layer, and is an expensive film more
difficult to be manufactured than the second-type birefringent layer. Note that it is preferable to satisfy 2.00 ≤ Nzq in the
point that the aforementioned point is solved. The inventors of the present invention examine a method for easily realizing
the liquid crystal display with high contrast ratios in a wider viewing angle range at a low cost, in a range of Nzq < 2.00.
As a result, it is found that in the range of Nzq < 2.00, the viewing angle characteristic can be effectively improved in a
range not using the biaxial phase difference film controlled to satisfy nx > nz > ny (0 < Nz < 1) if the second-type
birefringent layer satisfying Nz2 = 0 is used instead of the birefringent layer satisfying optimal Nz2, R2 shown in Table
4, FIG. 21, and FIG. 22. Table 4 and FIG. 23 show that optimal R2 depending on each Nzq is set as R2’. From the
viewpoint of sufficiently exhibiting the effect of the present invention, it is preferable to satisfy -0.45 ≤ Nz2 ≤ 0, and 5 nm
≤ R2’ ≤ 133 nm (a range of �40 nm of the optimal value).
[0102]

(continued)

Nzq Nz2 R2(nm)

2. 50 -2. 15 75

2. 90 -3. 20 66

[Table 4]

Nzq Nz2 R2(nm) R2’ (nm)

1. 0 0. 65 180 45

1. 1 0. 60 162 53

1. 2 0. 60 158 60

1. 3 0. 55 147 65

1. 4 0. 50 138 71

1. 5 0. 40 123 75

1. 6 0. 35 118 80

1. 7 0. 25 108 84
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[0103] Each of the aforementioned embodiments may be combined in a range not departing from the gist of the present
invention.

Effects of the Invention

[0104] According to the present invention, a circularly polarizing VA mode liquid crystal display device with excellent
gray scale viewing angle from an intermediate gray scale to a high gray scale at the azimuth angle of 45°, can be
provided. The liquid crystal display device of the present invention can be suitably used for a display device such as an
outdoor signage display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0105]

FIG. 1 is a view describing azimuth angle φ and polar angle θ with respect to a direction A0 of a tilting alignment of
liquid crystal molecules.
FIG. 2 is a perspective exploded view showing a structure of a circularly polarizing VA mode liquid crystal display
device with a simplest structure not including second-type and third-type birefringent layers.
FIG. 3 (a) is an upper schematic view showing a slow axis of a first λ/4 plate and a slow axis of a second λ/4 plate
orthogonally crossing each other viewed from a front direction, and a lower schematic view showing them viewed
from an oblique direction at the azimuth angle of 0°, FIG. 3(b) is an upper schematic view showing the slow axis of
the first λ/4 plate and the slow axis of the second λ/4 plate orthogonally crossing each other viewed from the front
direction, and a lower schematic view showing them viewed from the oblique direction at the azimuth angle of 45°,
and FIG. 3 (c) is an upper schematic view showing an absorption axis of a first polarizer and an absorption axis of
a second polarizer orthogonally crossing each other viewed from the front direction, and a lower schematic ,view
showing them viewed from the oblique direction at the azimuth angle of 45°.
FIG. 4 is a view showing a state that a polarization state of a transmitted light is changed every time it passes through
each member, projected on a S1-S2 plane of a Poincare sphere in the circularly polarizing VA mode liquid crystal
display device of FIG. 2, observed from a front direction.
FIG. 5 is a view showing a state that a polarization state of a transmitted light is changed every time it passes through
each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode liquid crystal
display device of FIG. 2, observed from an oblique direction at the azimuth angle of 0° and at the polar angle of 60°.
FIG. 6 is a perspective exploded view showing a structure of the circularly polarizing VA mode liquid crystal display
device including a third-type birefringent layer.
FIG. 7 is a view showing a state that a polarization state of a transmitted light is changed every time it passes through
each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode liquid crystal
display device of FIG. 6 (in a case that Nzq = 1.6, Rlc = 320 nm, R3 = -129 nm), observed from the front direction.
FIG. 8 is a view showing a state that a polarization state of a transmitted light is changed every time it passes through
each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode liquid crystal
display device of FIG. 6 (in a case that Nzq = 1.6, Rlc = 320 nm, R3 = -129 nm), observed from the oblique direction
at the azimuth angle of 0° and at the polar angle of 60°.
FIG. 9 is a view showing a state that a polarization state of a transmitted light is changed every time it passes through

(continued)

Nzq Nz2 R2(nm) R2’ (nm)

2. 0 -0. 05 89 93

2. 3 -0. 40 77

2. 4 -0. 55 73

2. 5 -0. 70 69

2. 6 -0. 80 68

2. 7 -1. 00 64

2. 8 -1. 40 59

2. 9 -2. 45 49
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each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode liquid crystal
display device of FIG. 6 (in a case that Nzq = 2.0, Rlc = 320 nm, R3 = -61 nm), observed from the oblique direction
at the azimuth angle of 0° and at the polar angle of 60°.
FIG. 10 is a view showing a state that a polarization state of a transmitted light is changed every time it passes
through each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode
liquid crystal display device of FIG. 6 (in a case that Nzq = 2.35, Rlc = 320 nm, R3 = -61 nm), observed from the
oblique direction at the azimuth angle of 0° and at the polar angle of 60°.
FIG. 11 is a graph showing a relation between a Nz-coefficient Nzq of first and second λ/4 plates, and an optimal
value of a phase difference R3 of a third-type birefringent layer in a perpendicular direction in the circularly polarizing
VA mode liquid crystal display device of FIG. 6.
FIG. 12 is a view showing a state that a polarization state of a transmitted light is changed every time it passes
through each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode
liquid crystal display device of FIG. 6, observed from the oblique direction at the azimuth angle of 45° and at the
polar angle of 60°.
FIG. 13 is a perspective exploded view showing the structure of the circularly polarizing VA mode liquid crystal
display device including second-type and third-type birefringent layers.
FIG. 14 is a view showing a state that the polarization state of the transmitted light is changed every time it passes
through each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode
liquid crystal display device of FIG. 13 (in a case that Nzq = 1.6, Rlc = 320 nm, R3 = -129 nm, Nz2 = -0.30, R2 =
118 nm), observed from the front direction.
FIG. 15 is a view showing a state that the polarization state of the transmitted light is changed every time it passes
through each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode
liquid crystal display device of FIG. 13 (in a case that Nzq = 1.6, Rlc = 320 nm, R3 = -129 nm, Nz2 = -0. 30, R2 =
118 nm), observed from the oblique direction at the azimuth angle of 45° and at the polar angle of 60°.
FIG. 16 is a view showing a state that the polarization state of the transmitted light is changed every time it passes
through each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode
liquid crystal display device of FIG. 13 (in a case that Nzq = 1.6, Rlc = 320 nm, R3 = -129 nm, Nz2 = -0.30, R2 =
118 nm), observed from the oblique direction at the azimuth angle of 0° at the polar angle of 60°.
FIG. 17 is a view showing a state that the polarization state of the transmitted light is changed every time it passes
through each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode
liquid crystal display device of FIG. 13 (in a case that Nzq = 2.0, Rlc = 320 nm, R3 = -61 nm, Nz2 = -1.00, R2 = 94
nm), observed from the oblique direction at the azimuth angle of 45° and at the polar angle of 60°.
FIG. 18 is a view showing a state that the polarization state of the transmitted light is changed every time it passes
through each member, projected on the S1-S2 plane of the Poincare sphere in the circularly polarizing VA mode
liquid crystal display device of FIG. 13 (in a case that Nzq = 2.35, Rlc = 320 nm, R3 = 0 nm, Nz2 = -1.80, R2 = 90
nm), observed from the oblique direction at the azimuth angle of 45° and at the polar angle of 60°.
FIG. 19 is a graph showing a relation between the Nz-coefficient Nzq of the first and second λ/4 plates, and an
optimal value of the Nz-coefficient Nz2 of the second-type birefringent layer in the circularly VA mode liquid crystal
display device of FIG. 13.
FIG. 20 is a graph showing the relation between the Nz-coefficient Nzq of the first and second λ/4 plates, and an
optimal value of an in-plane phase difference R2 of the second-type birefringent layer in the circularly VA mode
liquid crystal display device of FIG. 13.
FIG. 21 is a graph showing the relation between the Nz-coefficient Nzq of the first and second λ/4 plates, and an
optimal value of the Nz-coefficient Nz2 of first and second second-type birefringent layers.
FIG. 22 is a graph showing the relation between the Nz-coefficient Nzq of the first and second λ/4 plates, and an
optimal value of an in-plane phase difference R2 of the first and second second-type birefringent layers.
FIG. 23 is a graph showing the relation between the Nz-coefficient Nzq of the first and second λ/4 plates, and the
optimal value of the in-plane phase difference R2 of the first and second second-type birefringent layers, when the
second-type birefringent layer satisfying Nz2 = 0 is used, wherein Nzq is in a range of Nzq < 2.00.
FIG. 24 is a schematic view showing an example of domains formed in the liquid crystal cell of Example 1.
FIG. 25 is a schematic view showing an example of domains formed in the liquid crystal cell of Example 1.
FIG. 26 is a schematic view showing an example of domains formed in the liquid crystal cell of Example 1.
FIG. 27 is a perspective exploded view showing the structure of the circularly polarizing VA mode liquid crystal
display device including one second-type birefringent layer.
FIG. 28 is a perspective exploded view showing the structure of the circularly polarizing VA mode liquid crystal
display device including two second-type birefringent layers.
FIG. 29 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Example 1.
FIG. 30 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Example 2.
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FIG. 31 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Example 3.
FIG. 32 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Comparative
Example 1.
FIG. 33 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Comparative
Example 2.
FIG. 34 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Comparative
Example 3.
FIG. 35 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Comparative
Example 4.
FIG. 36 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Comparative
Example 5.
FIG. 37 is a graph showing a gamma curve obtained by measuring the liquid crystal display device of Comparative
Example 6.
FIG. 38 (a) is an expanded schematic cross-sectional view of a moss-eye film, and FIG. 38 (b) is an explanatory
view showing a variation of refractive indices on an interface between the moss-eye film and an air layer.
FIG. 39 is a perspective exploded view showing a structure in which the moss-eye film is added to the circularly
polarizing VA mode liquid crystal display device of FIG. 12.

MODE FOR CARRYING OUT THE INVENTION

(Birefringent layer)

[0106] A material and an optical characteristic of a birefringent layer used for the present invention is not particularly
limited, and for example, a stretched polymer film, a liquid crystal material with a fixed alignment, and a thin plate made
of an inorganic material, can be used. A forming method of the birefringent layer is not particularly limited. In a case of
the birefringent layer formed of the polymer film, for example, a solvent casting method and a melt extrusion method,
etc., can be used. Further, a method for simultaneously forming a plurality of birefringent layers by a coextrusion method
may also be used. The film may not be stretched or may be stretched, provided that a desired phase difference appears.
A stretching method is not particularly limited, and an inter-roll tension stretching method, an inter-roll compression
stretching method, a tenter transverse-uniaxial stretching method, an oblique stretching method, a vertical transverse-
biaxial stretching method, and in addition, a specialized stretching method for stretching a film under an action of a
shrinkage force of a heat-shrinkable film, can be used. Particularly, regarding λ/4 plates, the oblique stretching method
is particularly preferably used, wherein a roll film is stretched and aligned in an oblique direction with respect to a flowing
direction of the film, because the λ/4 plates are stacked at a relative angle of approximately 45° with respect to a polarizer
to thereby form a circularly polarizing plate. Further, in a case of the birefringent layer formed of the liquid crystal material,
for example, a method for applying alignment treatment to a base film; then coating the base film with the liquid crystal
material; and fixing the alignment of the liquid crystal material, can be used. It is also acceptable to use a method for
not applying a special alignment treatment to the base film if only a desired phase difference appears, or a method for
fixing the alignment and thereafter peeling off the liquid crystal material from the base film, and transferring it to another
film. Further, it is also acceptable to use a method for not fixing the alignment of the liquid crystal material. Further, even
in a case of the birefringent layer formed of a non-liquid crystal material, a method similar to the method for forming the
birefringent layer made of the liquid crystal material, may be used. Further specific explanation will be given hereafter
for the birefringent layer grouped by type.

(First-type birefringent layer: first and second λ/4 plates)

[0107] A first-type birefringent layer can be suitably obtained by stretching a film containing a material with positive
intrinsic birefringence as a component. For example, polycarbonate, polysulfone, polyether sulfone, polyethylene-tel-
ephthalate, polyethylene, polyvinyl alcohol, norbornene, triacetylcellulose, and cellulose diacetate, etc., can be given as
the material with positive intrinsic birefringence.

(Second-type birefringent layer)

[0108] A second-type birefringent layer can be suitably obtained by stretching a film containing a material with negative
intrinsic birefringence as a component, or by stretching the film containing a material with positive intrinsic birefringence
as a component under action of a shrinkage force of a heat-shrinkable film. Above all, from a viewpoint of simplifying a
manufacturing method, a stretched film containing the material with negative intrinsic birefringence as a component is
preferably used. For example, a resin composition including acrylic resin and styrene resin, polystyrene, polyvinyl naph-
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thalene, polyvinyl biphenyl, polyvinyl pyridine, polymethyl methacrylate, polymethyl acrylate, N-substituted maleimide
copolymer, polycarbonate having a fluorine skeleton, triacetyl cellulose (particularly having a small acelylation degree),
etc., can be given as the material with negative intrinsic birefringence. Above all, from a viewpoint of the optical char-
acteristic, productivity, and heat-resistance property, a resin composition including acrylic resin and styrene resin is
preferable. For example, Japanese Patent Application Laid-Open No. 2008-146003 discloses a manufacturing method
of the film containing such a resin composition as a component.

(Third-type birefringent layer)

[0109] A third-type birefringent layer can be suitably obtained by applying a vertical/transverse-biaxial stretching treat-
ment to the film containing the material with positive intrinsic birefringence as a component. Further, the third-type
birefringent layer coated with a liquid crystal material such as cholesteric (chiral nematic) liquid crystal and discotic liquid
crystal, or coated with a non-liquid crystal material such as polyimide and polyamide, can be suitably used.

(Polarizer)

[0110] For example, a polarizer having an anisotropic material such as an iodine complex having dichroism adsorbed
and aligned on a polyvinyl alcohol (PVA) film, can be suitably used.

(Liquid crystal cell)

[0111] A liquid crystal cell is formed as an domain division type VA mode, in which tilt directions of liquid crystal
molecules are divided into a plurality of directions in a pixel, and which is a so-called MVA mode (Multi-domain VA: multi-
domain type VA mode), thus implementing a black display by aligning the liquid crystal molecules in a liquid crystal layer
vertically to a substrate surface. Further, as a driving style of the liquid crystal cell, not only a TFT system (active matrix
system), but also a simple matrix system (passive matrix system), and a plasma address system, etc., may be used.
As a structure of the liquid crystal cell, for example, the liquid crystal layer is interposed between a pair of substrates
having electrodes formed thereon respectively, and display is obtained by applying a voltage between the electrodes
respectively.

(Measuring method of R, Rth, Nz-coefficient, nx, ny, nz)

[0112] R, Rth, Nz-coefficient, nx, ny, nz were measured using a polarimeter of a dual retarder rotate system (by
Axometrics Inc., product name: Axo-scan). In-plane phase difference R was actually measured from a normal direction
of the birefringent layer. Principal indices of reflection nx, ny, nz, phase difference Rth in the perpendicular direction,
and the Nz-coefficient were calculated by curve fitting of a publicly-known optical indicatrix system based on values of
the phase difference measured in the normal direction of the birefringent layer, and in each oblique direction tilted by
-50° to 50° from the normal direction. The tilt azimuth was set to be orthogonal to the in-plane slow axis. Further, nx, ny,
nz, Rxz, and Nz depends on an average refractive index = (nx + ny + nz) /3, which was given as a calculating condition
of the curve fitting. However, they were calculated by unifying the average refractive index of each birefringent layer to
1.5. The birefringent layer with actual average refractive index different from 1.5, is also converted on the assumption
that the average refractive index was 1.5.

(Measurement method of a contrast ratio of a liquid crystal display device - a viewing angle characteristic)

[0113] Measurement was carried out using a viewing angle measurement device (by ELDIM Inc. product name:
EZContrast 160). A backlight mounted on a liquid crystal television (by SHARP Corp., product name: LC37-GH1) was
used as a light source. Brightness of white display and black display in the oblique direction at the azimuth angle of 45°
and at the polar angle of 60° was measured, and its ratio was defined as CR (45, 60). Further, the brightness of white
display and black display in the oblique direction at the azimuth angle of 0° and at the polar angle of 60° was measured
and its ratio was defined as CR (0, 60).
[0114] The present invention will be mentioned in more detail in the following examples, but it not limited to these
examples.

Example 1

[0115] As shown in FIG. 13, the liquid crystal display device of Example 1 of the present invention is a circularly
polarizing VA mode liquid crystal display device 300 obtained by stacking a first polarizer 310, a first λ/4 plate (first-type
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birefringent layer) 320, MVA mode liquid crystal cell 330, a third-type birefringent layer 335, a second λ/4 plate 340, a
second-type birefringent layer 345, and a second polarizer 350 in this order. The liquid crystal cell 330 have a thin film
transistor (TFT) substrate, a color filter (CF) substrate, and a liquid crystal layer interposed between them. Vertical
alignment films are respectively provided on the liquid crystal layer side surfaces of the TFT substrate and the color filter
substrate, and electrodes are provided on a lower layer (substrate side) of each vertical alignment film. A desired voltage
is applied to the liquid crystal layer by an electrode of the TFT substrate and an electrode of the color filter substrate,
thus controlling the alignment of the liquid crystal molecules. The liquid crystal layer includes the liquid crystal molecules
having a negative dielectric anisotropy. Accordingly, the liquid crystal molecules are aligned approximately vertically to
the surface of the vertical alignment film in a state that the voltage is not applied to the liquid crystal layer (off state), and
the liquid crystal molecules are tilted horizontally to the surface of the vertical alignment film in a state that the voltage
of a threshold value or more is applied to the liquid crystal layer (on state). Absorption axes of the first polarizer 310 and
the second polarizer 350 are arranged so as to orthogonally cross each other (crossed Nicols arrangement), and therefore
the liquid crystal display device 300 implements the black display in the off state.
[0116] The liquid crystal cell 330 is so-called MVA mode (multi-domain type VA mode) liquid crystal cell, having four
domains in the pixel. Tilt directions in four domains are set in a relation of approximately orthogonally crossing each
other when a display surface is observed in front view, thus effectively solving an asymmetry of the tilt directions. A
circularly polarized light is made incident on the liquid crystal cell 330 to thereby implement display in the circularly
polarizing VA mode. Therefore, in terms of the front view (in a normal direction with respect to the display surface),
although the tilt directions of the liquid crystal molecules have no influence on the transmissivity of the liquid crystal cell,
the tilt directions of the liquid crystal molecules have an influence on the transmissivity of the liquid crystal cell in the
oblique direction. Accordingly, a gray scale viewing angle in the oblique direction can be improved by controlling the tilt
directions in four domains.
[0117] As shown in FIG. 24, in the liquid crystal cell 330, four domains composed of domain D1 in which liquid crystal
molecules are tilted at the azimuth angle of 22.5°, domain D2 in which liquid crystal molecules are tilted at the azimuth
angle of 112.5’, domain D3 in which liquid crystal molecules are tilted at the azimuth angle of 202.5°, and domain D4 in
which liquid crystal molecules are tilted at the azimuth angle of 292.5°, are formed in each pixel. As shown in FIG. 25,
in order to improve the viewing angle characteristic, four domains may be divided into two regions capable of applying
different voltages. In FIG. 25, although eight regions in total are formed in the pixel, the number of domains is four,
because the regions including the liquid crystal molecules with different polar angles are included in the same domain
if the tilt azimuths are approximately the same. Namely, regions D1-1 and D1-2 are common in the tilt azimuth 22.5°,
although different in the polar angles of the liquid crystal molecules; regions D2-1 and D2-2 are common in the tilt azimuth
112.5°, although different in the polar angles of the liquid crystal molecules; regions D3-1 and D3-2 are common in the
tilt azimuth 202.5°, although different in the polar angles of the liquid crystal molecules; and regions D4-1 and D4-2 are
common in the tilt azimuth 292.5°, although different in the polar angles of the liquid crystal molecules.
[0118] Further, the number of the domains of the pixel may be increased to four or more. For example, the liquid
crystal cell 330 may be formed so that one pixel is composed of a plurality of sub-pixels, and in this case, each one set
of the aforementioned four kinds of domains may be provided in each sub-pixel.
[0119] In the liquid crystal cell 330, the tilt azimuths of the liquid crystal molecules are controlled by an alignment
control means formed on at least one of the TFT substrate and the CF substrate. The alignment control means is not
particularly limited, and for example, a combination of a slit formed in the electrode of the TFT substrate, and a linearly
extending dielectric protrusion formed on a lower layer (substrate side) of the vertical alignment film of the CF substrate,
can be given. At this time, the tilt azimuths of the liquid crystal molecules in each domain can be controlled by adjusting
an extending azimuth of the slit and an extending azimuth of the dielectric protrusion, and can also be controlled by
adjusting a direction in which other members such as the first polarizer 310are stuck to the liquid crystal cell 330.
[0120] Note that the tilt azimuths of the liquid crystal molecules are sometimes deviated from an intended azimuth,
due to an electric field generated under an influence of the electrode and wiring provided on the TFT substrate and the
CF substrate, or a surface shape on the liquid crystal layer side of the TFT substrate and the CF substrate. In the present
invention, not only four domains composed of domain D1 in which the liquid crystal molecules are tilted at the azimuth
angle of 22.5°, domain D2 in which the liquid crystal molecules are tilted at the azimuth angle of 112.5°, domain D3 in
which the liquid crystal molecules are tilted at the azimuth angle of 202.5°, and domain D4 in which the liquid crystal
molecules are tilted at the azimuth angle of 292.5°, but also domains D5, D6, and D7 generated by alignment defect
may be included in the pixel, as shown in FIG. 26.

Example 2

[0121] As shown in FIG. 27, the liquid crystal display device of Example 2 according to the present invention is a
circularly polarizing VA mode liquid crystal display device 400 obtained by stacking a first polarizer 410, a first λ/4 plate
(first-type birefringent layer) 420, MVA mode liquid crystal cell 430, a second λ/4 plate 440, a second-type birefringent



EP 2 461 206 A1

24

5

10

15

20

25

30

35

40

45

50

55

layer 445, and a second polarizer 450 in this order. Namely, the liquid crystal display device 400 of FIG. 27 is different
from the liquid crystal display device 300 of FIG. 13 in a point that the third-type birefringent layer is not included. The
liquid crystal cell 430 have a similar structure as the structure of the liquid crystal cell 330 of Example 1, and four domains
composed of a domain in which the liquid crystal molecules are tilted at the azimuth angle of 22.5°, a domain in which
the liquid crystal molecules are tilted at the azimuth angle of 112.5°, a domain in which the liquid crystal molecules are
tilted at the azimuth angle of 202.5°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle
of 292.5°, are formed in each pixel. Note that in FIG. 27 arrows described in the first and second polarizers 410, 450
indicate the azimuth of the absorption axes thereof, and arrows described in the first and second λ/4 plates 420, 440
indicate the azimuth of the slow axes thereof, arrows described in the second-type birefringent layer 445 indicate the
azimuth of the fast axes thereof, and ellipsoids described in the liquid crystal cell 430 indicate the shape of optical
indicatrixes thereof.

Example 3

[0122] As shown in FIG. 28, the liquid crystal display device of Example 3 according to the present invention is a
circularly polarizing VA mode liquid crystal display device 500 obtained by stacking a first polarizer 510, a first second-
type birefringent layer 515, a first λ/4 plate (first-type birefringent layer) 520, MVA mode liquid crystal cell 530, a third-
type birefringent layer 535, a second λ/4 plate 540, a second second-type birefringent layer 545, and a second polarizer
550 in this order. Namely, the liquid crystal display device 500 of FIG. 28 is different from the liquid crystal display device
300 of FIG. 13 in a point that two second-type birefringent layers are included. The liquid crystal cell 530 have a similar
structure as the structure of the liquid crystal cell 330 of Example 1, and four domains composed of a domain in which
the liquid crystal molecules are tilted at the azimuth angle of 22.5°, a domain in which the liquid crystal molecules are
tilted at the azimuth angle of 112.5°, a domain in which the liquid crystal molecules are tilted at the azimuth angle of
202.5°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle of 292.5°, are formed in each
pixel. Note that in FIG. 28 arrows described in the first and second polarizers 510, 550 indicate the azimuths of the
absorption axes thereof, and arrows described in the first and second λ/4 plates 520, 540 indicate the azimuths of the
slow axes thereof, arrows described in the first and second second-type birefringent layers 515, 545 indicate the azimuths
of the fast axes thereof, and ellipsoids described in the liquid crystal cell 530 indicate the shape of optical indicatrixes
thereof.

Comparative Example 1

[0123] The liquid crystal display device of Comparative Example 1 has a similar structure as the liquid crystal display
device 300 of Example 1, but is different from the liquid crystal display device 300 of Example 1, in a point that four
domains composed of a domain in which the liquid crystal molecules are tilted at the azimuth angle of 45°, a domain in
which the liquid crystal molecules are tilted at the azimuth angle of 135°, a domain in which the liquid crystal molecules
are tilted at the azimuth angle of 225°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle
of 315°, are formed in each pixel.

Comparative Example 2

[0124] The liquid crystal display device of Comparative Example 2 has a similar structure as the liquid .crystal display
device 300 of Example 1, but is different from the liquid crystal display device 300 of Example 1, in a point that four
domains composed of a domain in which the liquid crystal molecules are tilted at the azimuth angle of 0°, a domain in
which the liquid crystal molecules are tilted at the azimuth angle of 90°, a domain in which the liquid crystal molecules
are tilted at the azimuth angle of 180°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle
of 270°, are formed in each pixel.

Comparative Example 3

[0125] The liquid crystal display device of Comparative Example 3 has a similar structure as the liquid crystal display
device 400 of Example 2, but is different from the liquid crystal display device 400 of Example 2, in a point that four
domains composed of a domain in which the liquid crystal molecules are tilted at the azimuth angle of 45°, a domain in
which the liquid crystal molecules are tilted at the azimuth angle of 135°, a domain in which the liquid crystal molecules
are tilted at the azimuth angle of 225°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle
of 315°, are formed in each pixel.
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Comparative Example 4

[0126] The liquid crystal display device of Comparative Example 4 is the VA mode liquid crystal display device obtained
by stacking a first polarizer, TAC, a first λ/4 plate (first-type birefringent layer), VA mode liquid crystal cell, a third-type
birefringent layer, a second λ/4 plate, TAC, and a second polarizer in this order. Namely, the liquid crystal display device
of this comparative example is different from the liquid crystal display device 300 of FIG. 13, in a point that the second-
type birefringent layer is not included. The liquid crystal cell of Comparative Example 5 have a similar structure as the
structure of the liquid crystal cells 330 of Example 1, but is different from the liquid crystal cells 330 in a point that four
domains composed of a domain in which the liquid crystal molecules are tilted at the azimuth angle of 45°, a domain in
which the liquid crystal molecules are tilted at the azimuth angle of 135°, a domain in which the liquid crystal molecules
are tilted at the azimuth angle of 225°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle
of 315°, are formed in each pixel.

Comparative Example 5

[0127] The liquid crystal display device of Example 5 is the VA mode liquid crystal display device obtained by stacking
a first polarizer, TAC, a first λ/4 plate (first-type birefringent layer), VA mode liquid crystal cell, a second λ/4 plate, TAC,
and a second polarizer in this order. The liquid crystal cell of Comparative Example 5 have a similar structure as the
structure of the liquid crystal cell 330 of Example 1, but is different from the liquid crystal cell 330 in a point that four
domains composed of a domain in which the liquid crystal molecules are tilted at the azimuth angle of 45°, a domain in
which the liquid crystal molecules are tilted at the azimuth angle of 135°, a domain in which the liquid crystal molecules
are tilted at the azimuth angle of 225°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle
of 315°, are formed in each pixel.

Comparative Example 6

[0128] The liquid crystal display device of Comparative Example 6 is the VA mode liquid crystal display device obtained
by stacking a first polarizer, a biaxial phase difference film, VA mode liquid crystal cell, TAC, and a second polarizer in
this order. The liquid crystal cell of Comparative Example 6 have a similar structure as the structure of the liquid crystal
cell 330 of Example 1, but is different from the liquid crystal cell 330 in a point that four domains composed of a domain
in which the liquid crystal molecules are tilted at the azimuth angle of 45°, a domain in which the liquid crystal molecules
are tilted at the azimuth angle of 135°, a domain in which the liquid crystal molecules are tilted at the azimuth angle of
225°, and a domain in which the liquid crystal molecules are tilted at the azimuth angle of 315°, are formed in each pixel.
[0129] Regarding the polarizers, the birefringent layers, and the liquid crystal cell of each example, name of the
material, axis-angle, in-plane phase difference R, phase difference Rth or Rlc in the perpendicular direction, and Nz-
coefficient, are shown in Table 5 as follows. In the table, an axis of each birefringent layer is defined by the azimuth
angle of the in-plane slow axis, and an axis of the polarizer is defined by the azimuth angle of the absorption axis. Note
that regarding the second-type birefringent layer, the in-plane fast axis is important in terms of a design. However, in
the table, similarly to other birefringent layer, the axis of the second-type birefringent layer is defined by the azimuth
angle of the in-plane slow axis. The in-plane fast axis of the second-type birefringent layer is orthogonally crossing the
in-plane slow axis of the second-type birefringent layer. Further, in the table, the name of the material of each birefringent
layer is shown by using an abbreviation as follows.
NB: Norbornene
PI: Polyimide
TAC: Triacetylcellulose
A: Resin composition including acrylic resin and styrene resin

(Evaluation result)

[0130] Contrast ratio - viewing angle characteristic of the liquid crystal display device of each example was measured,
and Table 5 shows the contrast ratio [CR (0,60)] at the azimuth angle of 0° and at the polar angle of 60°, and the contrast
ratio [CR (45, 60)] at the azimuth angle of 45° and at the polar angle of 60°. Note that "the contrast ratio at the azimuth
angle of X° and at the polar angle of Y°" means the contrast ratio measured at the azimuth angle of X° by tilting a viewing
angle by Y° from the normal direction. Namely, the polar angle indicates an angle formed by the front direction and a
viewing angle direction. Further, in each example, FIG. 29 to FIG. 37 show a gamma curve (1) at the azimuth angle of
0°, and at the polar angle of 0°, (2) at the azimuth angle of 0° and at the polar angle of 60°, (3) at the azimuth angle of
45° and at the polar angle of 60°. The gamma curve shows a variation of the transmissivity with respect to the voltage
applied to the liquid crystal layer, with gray scale values taken on the horizontal axis, and standardized brightness taken
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on the vertical, axis. A display mode of the liquid crystal display device of each example is normally black, and therefore
the black display corresponds to a gray scale value 0, and the white display corresponds to a gray scale value 256, and
the voltage applied to the liquid crystal layer becomes larger as the gray scale value becomes larger. The brightness is
standardized in each measurement direction, with the brightness being 1.0 when the gray scale value is 256. Comparison
of a plurality of gamma curves obtained from different measurement directions, is generally used as an index showing
a difference in a way of look of the display screen depending on a direction for viewing the liquid crystal display device,
and there is a coincidence in the way of look of the display screen as the gamma curves are approached each other.
[0131] Any one of the CR (0, 60) and CR (45, 60) of the liquid crystal display device of Examples 1 to 3 according to
the present invention, is equal to the CR (0, 60) and CR (45, 60) of Comparative Examples 1 to 3. Meanwhile, in the
liquid crystal display device of Examples 1 to 3, there is more coincidence between the gamma curve at the azimuth
angle of 0° and at the polar angle of 60°, and the gamma curve at the azimuth angle of 45° and at the polar angle of 60°
than a case of the liquid crystal display device of Comparative Examples 1 to 6. Then, an inversion phenomenon is
suppressed, the inversion phenomenon being the phenomenon of causing the brightness to be decreased as the voltage
is increased. The liquid crystal display devices of Examples 1 to 3 are excellent in a display quality in an oblique viewing
angle, even being evaluated visually.
[0132]

[Table 5]

Optical 
member

Material
Axis 

angle 
[° ]

Phase difference [nm]
Nz-

coefficient

Evaluation result

R
Rth or 

Rlc
CR 

(45.60)
CR (0,60)

Example 1 Second 
polarizer

O

35 178

Second-
type 
birefringent 
layer

A O 138 -0.01

Second λ/4 
plate

NB 45 138 1.02

Third-type 
birefringent 
layer

PI O -250

VA mode 
liquid 
crystal cell 
(22.5’ 
112.5° .
202.5° .
292.5°)

340

First λ/4 
plate

NB 135 138 1.02

First 
polarizer

90
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(continued)

Optical 
member

Material
Axis 

angle 
[° ]

Phase difference [nm]
Nz-

coefficient

Evaluation result

R
Rth or 

Rlc
CR 

(45.60)
CR (0,60)

Example 2 Second 
polarizer

O

58 175

Second-
type 
birefringent 
layer

A O 85 -1.21

Second’ λ/4 
plate

NB 45 138 2.08

VA mode 
liquid 
crystal call 
(22.5° 
112.5° .
202.5° .
292.5° )

290

First λ/4 
plate

NB 135 138 2. 08

First 
polarizer

90
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(continued)

Optical 
member

Material
Axis 

angle 
[° ]

Phase difference [nm]
Nz-

coefficient

Evaluation result

R
Rth or 

Rlc
CR 

(45.60)
CR (0,60)

Example 3 Second 
polarizer

O

60 176

Second 
second-
type 
birefringent 
layer

A O 85 -0.10

Second λ/4 
plate

NB 45 138 2. 13

Third-type 
birefringent 
layer

TAC 2 -52

VA mode 
liquid 
crystal cell 
(22.5° 
112.5° ,
202.5° ,
292.5° )

320

First λ/4 
plate

NB 135 138 2. 13

First 
second-
type 
birefringent 
layer

90 85 -0.10

First 
polarizer

90
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(continued)

Optical 
member

Material
Axis 

angle 
[° ]

Phase difference [nm]
Nz-

coefficient

Evaluation result

R
Rth or 

Rlc
CR 

(45.60)
CR (0,60)

Comparative 
Example 1

Second 
polarizer

O

35 178

Second-
type 
birefringent 
layer

A O 138 -0.01

Second λ/4 
plate

NB 45 138 1.02

Third-type 
birefringent 
layer

PI O -250

VA mode 
liquid 
crystal cell 
(45° ,135° ,
225° ,
315° )

340

First λ/4 
plate

NB 135 138 1. 02

First 
polarizer

90

Comparative 
Example 2

Second 
polarizer

O

35 178

Second-
type 
birefringent 
layer

A O 138 -0.01

Second λ/4 
plate

NB 45 138 1. 02

Third-type 
birefringent 
layer

PI O -250

VA mode 
liquid 
crystal cell 
(0° ,90° ,
180° .
270° )

340

First λ/4 
plate

NB 135 138 1. 02

First 
polarizer

90
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(continued)

Optical 
member

Material
Axis 

angle 
[° ]

Phase difference [nm]
Nz-

coefficient

Evaluation result

R
Rth or 

Rlc
CR 

(45.60)
CR (0,60)

Comparative 
Example 3

Second 
polarizer

O

58 175

Second-
type 
birefringent 
layer

A O 85 -1. 21

Second λ/4 
plate

NB 45 138 2.08

VA mode 
liquid 
crystal cell 
(45° .135° ,
225° ,
315° )

290

First λ/4 
plate

NB 135 138 2. 08

First 
polarizer

90

Comparative 
Example 4

Second 
polarizer

O

15 140

TAC TAC 1 32

Second λ/4 
plate

A 45 138 -8 -0.01

Third-type 
birefringent 
layer

NB 2 318

VA mode 
liquid 
crystal cell 
(45° ,135° ,
225° ,
315° )

320

First λ/4 
plate

NB 135 138 1. 02

TAC TAC 1 32

First 
polarizer

90
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[0133] Note that the liquid crystal display device of each example has the circularly polarizing plate composed of a
combination of the linearly polarizing plate (polarizer) and the λ/4 plate provided on both sides of the liquid crystal cells,
thus implementing the display in the circularly polarizing VA mode. The circularly polarizing VA mode exhibits an effect
of improving transmissivity and also an effect of preventing a reflection, and therefore is effective for improving the
contrast ratio. A reflection preventing function by the circularly polarizing VA mode is to prevent the light incident on the
liquid crystal display device once from circumference of the liquid crystal display device and reflected in the liquid crystal
display device, being a so-called reflected light caused by internal reflection, from being emitted to outside the liquid
crystal display device by an action of the circularly polarizing plate. Therefore, according to the circularly polarizing VA
mode, the light reflected on the surfaces of a black matrix, wiring, and electrodes, etc., in the liquid crystal cell, is hardly
emitted to the outside the liquid crystal display device, thus preventing the reduction of the contrast ratio of the liquid
crystal display device particularly in a bright state of the circumference (bright environment).
[0134] Meanwhile, the contrast ratio of the liquid crystal display device in the bright environment is reduced, not only
by a reflected light caused by the aforementioned internal reflection, but also by a reflected light reflected by the surface
of the liquid crystal display device without entering into the liquid crystal display device, being the reflected light caused
by a so-called surface reflection. In the circularly polarizing VA mode liquid crystal display device, as a result of suppressing

(continued)

Optical 
member

Material
Axis 

angle 
[° ]

Phase difference [nm]
Nz-

coefficient

Evaluation result

R
Rth or 

Rlc
CR 

(45.60)
CR (0,60)

Comparative 
Example 5

Second 
polarizer

-25

5 40

TAC TAC 1 32

Second λ/4 
plate

N8 20 138 1. 58

VA mode 
liquid 
crystal cell 
(45° .135° .
225° ,
315° )

320

First λ/4 
plate

NB 110 138 1. 58

TAC TAC 1 32

First 
polarizer

65

Comparative 
Example 6

Second 
polarizer

O

60 183

TAC TAC 1 55

VA mode 
liquid 
crystal cell 
(45° .135° ,
225° ,
315° )

320

BiaxM 
phase 
difference 
film

NB 63 225 4. 07

First 
polarizer

90
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the reflected light caused by internal reflection, an amount of the reflected light caused by surface reflection has a
remarkable influence on visibility of the display screen. Accordingly, by taking measures for the circularly polarizing VA
mode liquid crystal display device to reduce the reflected light caused by surface reflection, extremely high contrast ratio
can be obtained in the bright environment, and therefore an observer of the display screen can realize a remarkable
improvement of the display quality.
[0135] As a film for preventing reflection used for suppressing the surface reflection, there is a reflection preventive
film formed by stacking a plurality of films having different refractive indices, and a reflection preventive film having micro-
protrusions and dents formed on the surface, can be given. Above all, a "moss-eye film", being a kind of the latter
reflection preventive film, has a structure that a plurality of protrusions smaller than a wavelength (380nm to 780 nm) of
a visible light are provided on the surface, which is capable of exhibiting an extremely excellent effect for suppressing
the surface reflection. As shown in FIG. 38(a), the light incident on the moss-eye film reaches a film base part 362
through micro-protrusions 361 provided on the surface. Therefore, a region between the air layer and the film base part
in which protrusions and an air layer coexist (region between A-B in the figure), can be regarded as the region having
an intermediate refractive index between the refractive index of a material forming the film (about 1.5 in a case of a resin
film), and the refractive index of the air (1.0). Namely, as shown in FIG. 38(b), the refractive index of this region becomes
continuously gradually larger within a shorter distance than the wavelength of the visible light, up to the refractive index
of the material for forming the film, from the refractive index of the air that is brought into contact with the surface of the
film. As a result, the light incident on the moss-eye film does not recognize an interface between air and film as an
interface with different refractive indices, and therefore the reflection of light generated on the interface can be consid-
erably suppressed. According to the moss-eye film, for example, a surface reflectance of the visible light can be sup-
pressed to about 0.15%.
[0136] The moss-eye film is capable of exhibiting an effect of reducing the reflectance, if it is disposed on the interface
having different refractive indices. However, in the structure of FIG. 13, the internal reflection generated more inside
than the second polarizer 350 can be suppressed by the circularly polarizing plate composed of a combination of the
second polarizer 350 and the second λ/4 plate 340 . Accordingly, when the moss-eye film is added to the structure of
FIG. 13, it is arranged on the more display screen side than the second polarizer 350, like the moss-eye film 360 shown
in FIG. 39. When a member such as a protective plate is disposed on the more display screen side than the second
polarizer 350, and there are a plurality of interfaces, the moss-eye film may be provided on each interface, and is
preferably disposed at least on a face exposed to outside the liquid crystal display device.
[0137] A resin film can be given as a specific example of the moss-eye film, wherein a plurality of nearly conical
protrusions with a height of about 200 nm is formed on the surface, with inter-tops distance being about 200 nm.
[0138] As a method for manufacturing the moss-eye film, there is a so-called nanoimprint technique, wherein a minute
unevenness with a nanometer size (1 to 1000 Pm) carved into a metal mold is pressed against a resin material with
which the substrate is coated, and a shape thereof is transferred thereto. As a method for curing the resin material in
the nanoimprint technique, a thermal nanoimprint technique and a UV nanoimprint technique, etc., can be given. In the
UV nanoimprint technique, a thin film made of UV curing resin is formed on a transparent substrate, and by pressing
the metal mold onto the thin film and thereafter by irradiation of UV-light, a thin film having a moss-eye structure with
an inversion shape of the metal mold is formed on the transparent substrate.
[0139] In order to manufacture the thin film having the moss-eye structure massively and inexpensively based on the
nanoimprint technique, a roll-to-roll process is more preferably used than a batch process. According to the roll-to-roll
process, the thin film having the moss-eye structure can be manufactured continuously using a mold roll. For example,
such a mold roll is obtained by forming dents of a nanometer size by an anode oxidation method, on an outer peripheral
surface of a polished columnar or cylindrical aluminum pipe. According to the anode oxidation method, the dents of the
nanometer size can be randomly and approximately uniformly formed on the surface, and a seamless moss-eye structure
suitable for continuous production can be formed on the surface of the mold roll.
[0140] Each one of the aforementioned embodiments may be combined, within a range not departing from the gist of
the present invention.
[0141] The present application claims priority to Patent Application No. 2009-178238 filed in Japan on July 30, 2009
under the Paris Convention and provisions of national law in a designated State, the entire contents of which are hereby
incorporated by reference.

EXPLANATION OF REFERENCE NUMERALS

[0142]

100: Circularly polarizing VA mode liquid crystal display device
110: First polarizer
111: Absorption axis of the first polarizer
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120: First λ/4 plate
121: Slow axis of the first λ/4 plate
130: VA mode liquid crystal cell
140: Second λ/4 plate
141: Slow axis of the second λ/4 plate
150: Second polarizer
151: Absorption axis of the second polarizer
200: Circularly polarizing VA mode liquid crystal display device
210: First polarizer
220: First λ/4 plate
230: VA mode liquid crystal cell
235: Third-type birefringent layer
240: Second λ/4 plate
250: Second polarizer
300: Circularly polarizing VA mode liquid crystal display device
310: First polarizer
320: First λ/4 plate
330: VA mode liquid crystal cell
335: Third-type birefringent layer
340: Second λ/4 plate
345: Second-type birefringent layer
350: Second polarizer
360: Moss-eye film
400: Circularly polarizing VA mode liquid crystal display device
410: First polarizer
420: First λ/4 plate
430: VA mode liquid crystal cell
440: Second λ/4 plate
445: Second-type birefringent layer
450: Second polarizer
500: Circularly polarizing VA mode liquid crystal display device
510: First polarizer
515: First second-type birefringent layer
520: First λ/4 plate
530: VA mode liquid crystal cell
535: Third-type birefringent layer
540: Second λ/4 plate
545: Second second-type birefringent layer
550: Second polarizer

Claims

1. A liquid crystal display device, comprising:

a first polarizer;
a first λ/4 plate with an in-plane phase difference adjusted to λ/4;
liquid crystal cells including a liquid crystal layer between a pair of opposing substrates;
a second λ/4 plate with an in-plane phase difference adjusted to λ/4; and
a second polarizer, in this order, wherein
when an azimuth angle of an absorption axis of the second polarizer is defined as 0°,
an in-plane slow axis of the second λ/4 plate forms an angle of approximately 45°,
an in-plane slow axis of the first λ/4 plate forms an angle of approximately 135°,
the absorption axis of the first polarizer forms an angle of approximately 90°, and wherein
a display brightness is varied by changing an alignment state of liquid crystal molecules in the liquid crystal
layer from a state where the liquid crystal molecules are approximately vertically aligned over a substrate surface,
to a state where the liquid crystal molecules are tilted over the substrate surface; and
the liquid crystal layer includes a domain in which the liquid crystal molecules are tilted in an azimuth angle
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range of 12. 5° to 32. 5°, a domain in which the liquid crystal molecules are tilted in an azimuth angle range of
102.5° to 122.5°, and a domain in which the liquid crystal molecules are tilted in an azimuth angle range of
192.5° to 212.5°, and a domain in which the liquid crystal molecules are tilted in an azimuth angle range of
282.5° to 302.5°.

2. The liquid crystal display device according to claim 1, wherein
when a birefringent layer satisfying nx > ny ≥ nz is defined as a first-type birefringent layer, and a birefringent layer
satisfying nx < ny ≤ nz is defined as a second-type birefringent layer, the first and second λ/4 plates are first-type
birefringent layers having approximately the same Nz-coefficients, and the second-type birefringent layer is provided
between the second λ/4 plate and the second polarizer, and an in-plane fast axis of the second-type birefringent
layer is approximately orthogonally crossing the absorption axis of the second polarizer.

3. The liquid crystal display device according to claim 1 or 2, wherein when a birefringent layer satisfying nx ≅ ny ≥ nz
is defined as a third-type birefringent layer, at least one third-type birefringent layer is provided at least between the
first λ/4 plate and the liquid crystal cells, or between the liquid crystal cells and the second λ/4 plate.

4. The liquid crystal display device according to claim 3, wherein when a Nz-coefficient of the first and second λ/4
plates is defined as Nzq, and a phase difference of the liquid crystal cells in a perpendicular direction at a black
display time is defined Rlc, and a sum total of the phase difference in the perpendicular direction of at least one
third-type birefringent, layer arranged between the first λ/4 plate and the second λ/4 plate is defined R3, the following
formulas (1) to (3).are satisfied: 

5. The liquid crystal display device according to claim . 4, wherein when the Nz-coefficient of the second-type birefringent
layer is defined as Nz2, and an in-plane phase difference is defined as R2, the following formulas (4) to (7) are satisfied: 

6. The liquid crystal display device according to claim 5, wherein 1.40 ≤ Nzq is satisfied.

7. The liquid crystal display device according to any of claims 3 to 6, wherein when the Nz-coefficient of the first and
second λ/4 plates is defined as Nzq, 2.00 < Nzq is satisfied.

8. The liquid crystal display device according to claim 3 or 4, wherein when the Nz-coefficient of the first and second
λ/4 plates is defined as Nzq, the Nz-coefficient of the second-type birefringent layer is defined as Nz2, and the in-
plane phase difference of the second-type birefringent layer is defined as R2, Nzq < 1.40 is satisfied, -0.35 ≤ Nz2
≤ 0 is satisfied, and 108 nm ≤ R2 ≤ 168 nm is satisfied.

9. The liquid crystal display device according to claim 1 or 2, wherein when a birefringent layer satisfying nx ≅ ny ≥ nz
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is defined as a third-type birefringent layer, the third-type birefringent layer is not included between the first first-
type birefringent layer and the liquid crystal cells, and between the liquid crystal cells and the second first-type
birefringent layer.

10. The liquid crystal display device according to claim 9, wherein when the Nz-coefficient of the first and second λ/4
plates is defined as Nzq, and a phase difference of the liquid crystal cells at black display time in a perpendicular
direction is defined as Rlc, the following formulas (1), (8), and (9) are satisfied:

11. The liquid crystal display device according to claim 10, wherein when the Nz-coefficient of the second-type birefringent
layer is defined as Nz2, and an in-plane phase difference of the second-type birefringent layer is defined as R2, the
following formulas (4) to (7) are satisfied: 

12. The liquid crystal display device according to claim 11, wherein 1.40 ≤ Nzq is satisfied.

13. The liquid crystal display device according to claim 9 or 10, wherein when the Nz-coefficient of the first and second
λ/4 plates is defined as Nzq, and the Nz-coefficient of the second-type birefringent layer is defined as Nz2, and an
in-plane phase difference of the second-type birefringent layer is defined as R2, Nzq < 1.40 is satisfied, -0.35 ≤ Nz2
≤ 0 is satisfied, and 108 nm ≤ R2 ≤ 168 nm is satisfied.

14. The liquid crystal display device according to any of claims 9 to 13, wherein when the Nz-coefficient of the first and
second λ/4 plates is defined as Nzq, 2. 00 ≤ Nzq is satisfied.

15. The liquid crystal display device according to claim 1, wherein when a birefringent layer satisfying nx > ny ≥ nz is
defined as a first-type birefringent layer, and a birefringent layer satisfying nx < ny ≤ nz is defined as a second-type
birefringent layer,
the first and second λ/4 plates are first-type birefringent layers having approximately the same Nz-coefficients;
a first second-type birefringent layer is provided between the first λ/4 plate and the first polarizer;
a second second-type birefringent layer is provided between the second λ/4 plate and the second polarizer;
the first second-type birefringent layer and the second second-type birefringent layer have approximately the same
Nz-coefficients and in-plane phase differences;
an in-plane fast axis of the first second-type birefringent layer is approximately orthogonally crossing an absorption
axis of the first polarizer; and
an in-plane fast axis of the second second-type birefringent layer is approximately orthogonally crossing an absorption
axis of the second polarizer.
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16. The liquid crystal display device according to claim 15, wherein when a birefringent layer satisfying nx ≅ ny ≥ nz is
defined as a third-type birefringent layer, at least one third-type birefringent layers is provided at least between the
first λ/4 plate and the liquid crystal cells, or between the liquid crystal cells and the second λ/4 plate.

17. The liquid crystal display device according to claim 16, wherein when the Nz-coefficient of the first and second λ/4
plates is defined as Nzq, a phase difference of the liquid crystal cells in a perpendicular direction at a black display
time is defined as Rlc, and a total sum of the phase difference in the perpendicular direction of at least one third-
type birefringent layer arranged between the first λ/4 plate and the second λ/4 plate is defined as R3, the following
formulas (1) to (3) are satisfied: 

18. The liquid crystal display device according to claim 17, wherein when the Nz-coefficient of the first and second
second-type birefringent layers is defined as Nz2, and an in-plane phase difference of the first and second second-
type birefringent is defined as R2, the following formulas (10) to (13) are satisfied: 

19. The liquid crystal display device according to claim 16 or 17, wherein when the Nz-coefficient of the first and second
first-type birefringent layers is defined as Nzq, and the Nz-coefficient of the first and second second-type birefringent
layers is defined as Nz2, and an in-plane phase difference of the first and second second-type birefringent layers
is defined as R2, Nzq < 2.00 is satisfied, -0.45 ≤ Nz2 ≤ 0 is satisfied, and 5 nm ≤ R2 ≤ 133 nm is satisfied.
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