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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device. More specifically, the present invention
relates to a liquid crystal display device with a desirable
display quality as viewed from an inclined direction.

[0002] Inthe prior art, liquid crystal display devices using
nematic liquid crystal materials have been widely used as
segment-type numeric display device in timepieces, calcu-
lators, etc. In recent years, they have been widely used in
word processors, notebook personal computers, and car
navigation systems. The variety of applications of such
liquid crystal display devices is still expanding, and they are
now used in direct-viewing type large-screen TVs having a
diagonal dimension of 20 to 30 inches.

[0003] Aliquid crystal display device of this type typically
includes a pair of substrates opposing each other with a
liquid crystal layer interposed therebetween, and electrodes,
wired lines, etc., provided on the substrates for turning
ON/OFF pixels. An active matrix liquid crystal display
device, for example, includes pixel electrodes which are
arranged in a matrix pattern for applying voltages across the
liquid crystal layer, and active elements such as field effect
transistors which are provided on one of the substrates,
along with the electrodes and the wired lines, as switching
means for selectively applying different potentials to the
-respective pixel electrodes. Moreover, a liquid crystal dis-
play device capable of color display includes a color filter
layer provided on one of the substrates. The color filter layer
includes color filter portions of different colors such as red,
green and blue. The display modes known in the art for use
with such a liquid crystal display device can be classified as
follows based on the twist angle of the nematic liquid crystal
molecules:

[0004] (1) Twist nematic liquid crystal display mode (here
in after, referred to as the “TN mode”) in which the twist
angle of the nematic liquid crystal molecules is 900 between
the pair of substrates; and

[0005] (2) Super twisted nematic liquid crystal display
mode (hereinafter, referred to as the “STN mode”) in which
the twist angle of the nematic liquid crystal molecules is
greater than 900 between the pair of substrates.

[0006] liquid crystal display devices of these display
modes have a viewing angle dependence due to which a
change in the contrast ratio of the displayed image or an
inversion phenomenon occurs depending upon the direction
(azimuthal angle: direction within the display plane) or
angle (vertical angle: direction with respect to the normal to
the display plane) from which the viewer observes the
display plane (the term “viewing angle dependence” as used
herein includes both the azimuthal angle dependence and the
vertical angle dependence). This prevents one from obtain-
ing a wide viewing angle characteristic. For example, in the
6 o’clock direction of the display plane (the downward
direction defined in the display plane seen as a clockface),
the gray level inversion phenomenon may occur even when
the vertical angle is slightly inclined. In the 12 o’clock
direction (the upward direction), a sufficient contrast ratio
may not be obtained, thereby rendering the overall displayed
image whitish. Also in the 3 o’clock and 9 0’clock directions
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(the horizontal directions), the gray level inversion phenom-
enon may occur, thereby deteriorating the display quality.

[0007] In an attempt to solve this problem, Japanese
Patent No. 2866540 and Japanese Laid-Open Patent Publi-
cation No. 9-120005, for example, disclose a liquid crystal
display device employing the combination of a liquid crystal
cell of the TN mode as described above and a phase
compensation element whose index ellipsoid is inclined. In
the disclosed liquid crystal display device, the liquid crystal
cell and the phase compensation element are arranged so
that the pretilt direction of the liquid crystal molecules in
each pixel in the vicinity of an alignment film is opposite to
the inclination direction of the principal axis of the index
ellipsoid of the phase compensation element. Therefore, the
positive uniaxial refractive index an isotropy of the liquid
crystal molecules in each pixel which are raised by the
applied voltage is compensated for by the negative uniaxial
refractive index anisotropy of the phase compensation ele-
ment. Thus, the refractive index anisotropy of the liquid
crystal molecules in the vicinity of the substrate interface
which are not raised upon application of a voltage is also
effectively optically compensated for. As a result, the gray
level inversion phenomenon in the 6 o’clock direction
(downward direction) is suppressed, and the contrast ratio in
the 12 o’clock direction (upward direction) is also improved,
thereby widening the vertical angle in these directions.
Moreover, the inversion phenomenon no longer occurs also
in the 3 o’clock and 9 o’clock directions (the horizontal
directions), thereby widening the vertical angle in these
directions. As described above, by using a phase compen-
sation element whose index ellipsoid is inclined, it is pos-
sible to widen the vertical angle in the vertical directions (the
upward and downward directions) and also in the horizontal
directions (the leftward and rightward directions) as viewed
from the viewer.

[0008] The viewing angle dependence as described above
is observed in a TN mode liquid crystal display device in
which the pretilt direction of the liquid crystal molecules
near the center of the liquid crystal layer along the thickness
thereof (so called the “normal viewing direction”) is set to
be the downward direction (60’clock direction). In a typical
TN mode liquid crystal display device, the normal viewing
direction is set as described above so that the maximum
contrast ratio can be obtained when the vertical angle is
inclined in the downward direction (the 6 o’clock direction)
with respect to the normal to the display plane. It is assumed
that the liquid crystal layer of a TN mode liquid crystal
display device illustrated herein has such an arrangement
unless otherwise noted. That is, the vertical directions
include the normal viewing direction and the horizontal
directions are perpendicular to the normal viewing direction.

[0009] Currently, however, there is a demand for a liquid
crystal display device having an even better viewing angle,
display quality and color reproducibility, and a sufficient
display quality to satisfy such a demand may not be realized
by simply combining a TN mode liquid crystal cell with a
phase compensation element whose index ellipsoid is
inclined as described above.

[0010] The above-described conventional liquid crystal
display device displays an image by changing the orientation
of the liquid crystal layer through voltage application there
across so as to change the transmittance for light from a light
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source which is incident upon the liquid crystal layer,
thereby obtaining a black, white or intermediate brightness.
As described above, the conventional liquid crystal display
device has a vertical angle dependence because the apparent
retardation value of the liquid crystal layer varies depending
upon the vertical angle, and the vertical angle dependence is
compensated for by the phase compensation element.

[0011] However, the respective retardations of the liquid
crystal layer and the phase compensation element each have
a wavelength dispersion (wavelength dependence), and the
respective wavelength dispersions typically differ from each
other. Therefore, in the above-described conventional liquid
crystal display device, even if the retardation value of the
liquid crystal layer and the retardation value of the phase
compensation element are optimized in the normal direction
(the direction normal to the display plane) for a white
display and an intermediate gray level display, coloring
occurs when viewed from an inclined direction (a direction
inclined from the normal to the display plane) due to the
difference in wavelength dispersion of retardation between
the liquid crystal layer and the phase compensation element.
Particularly, when the vertical angle is inclined in the 3
o’clock or 9 o’clock direction (horizontal direction), the
display image becomes yellowish.

SUMMARY OF THE INVENTION

[0012] In view of the above-mentioned problems, the
present invention has been devised for the purpose of
realizing a liquid crystal display device capable of display-
ing an image with a wide viewing angle and a high color
reproducibility.

[0013] Aliquid crystal display device of the present inven-
tion includes: a liquid crystal cell, the liquid crystal cell
including a pair of substrates and a liquid crystal layer
provided between the pair of substrates; a pair of polarizers
provided so as to oppose each other via the liquid crystal cell
therebetween; a phase compensation element provided
between the liquid crystal cell and at least one of the pair of
polarizers; and an antiglare layer provided on a viewer side
of one of the pair of polarizers which is provided closer to
a viewer, wherein the antiglare layer is designed so that a
specular reflection characteristic thereof for light incident
thereupon from the viewer side and a specular transmission
characteristic thereof for light transmitted therethrough from
the liquid crystal layer to the viewer side satisfy a prede-
termined relationship, thereby suppressing a reduction in
color reproducibility as viewed from a direction inclined
from a normal to a display plane. Thus, the above-described
object is achieved.

[0014] Ttis preferred that the phase compensation element
has an index ellipsoid which has three principal axes, a-axis,
b-axis and c-axis, which are orthogonal to one another and
three principal refractive indices, na, nb and nc, and wherein
na=nc>nb, a-axis is substantially parallel to a layer plane of
the liquid crystal layer, and b-axis is inclined with respect to
a layer normal of the liquid crystal layer.

[0015] Ttis preferred that the antiglare layer has an internal
scattering layer and a scattering surface.

[0016] Tt is preferred that the internal scattering layer
includes a polymer matrix and particles dispersed in the
polymer matrix, the particles have a scattering center, and a
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refractive index of the particles and a refractive index of the
polymer matrix are different from each other.

[0017] Tt is preferred that a haze value of the antiglare
layer is equal to or greater than 15, and more preferably
equal to or greater than 25.

[0018] Tt is preferred that a haze value of the antiglare
layer is equal to or greater than 40, and more preferably
equal to or greater than 50.

[0019] It is preferred that the antiglare layer is such that a
value of transmitted image clarity is equal to or greater than
10, and more preferably equal to or greater than 15, as
measured with an image clarity meter in which a width of an
optical comb is 0.5 mm.

[0020] Ttis preferred that a refractive index anisotropy A
n(550) of a liquid crystal material of the liquid crystal layer
for light having a wavelength of 550 nm is in a range of
0.060<An(550)<0.120, and more preferably in a range of
0.070 A n(550) 0.095.

[0021] Ttis preferred that the phase compensation element
is arranged so that b-axis forms an angle in a range of 15°
to 75° with respect to a layer normal of the liquid crystal
layer.

[0022] Itis preferred that (na-nb)xd is in a range of 80 nm
to 250 nm, where d denotes a thickness of the phase
compensation element in a layer normal direction of the
liquid crystal layer.

[0023] The function of the present invention will now be
described.
[0024] 1In the liquid crystal display device of the present

invention, the refractive index anisotropy of the liquid
crystal layer can be compensated for by the phase compen-
sation element, and the occurrence of a coloring (yellowish
coloring or bluish coloring) phenomenon, i.e., the reduction
in color reproducibility, which is characteristic of an
arrangement using a phase compensation element can be
suppressed by the antiglare layer which is provided on the
viewer side of the polarizer which is provided closer to the
viewer (referred to also as the “upper polarizer”; a “polar-
izer” as used herein includes a polarizing plate, a polariza-
tion film, and the like).

[0025] The antiglare layer forwardly scatters light trans-
mitted therethrough with the internal scattering layer and/or
the scattering surface to mix together colored light beams of
different directions, thereby suppressing the coloring phe-
nomenon. Particularly, when the internal scattering layer
includes a polymer matrix and particles dispersed in the
polymer matrix, the particles have a scattering center, and
the refractive index of the particles and the refractive index
of the polymer matrix are different from each other, it is
possible to realize an antiglare layer having a good balance
between the specular (regular) reflection characteristic and
the specular (regular) transmission characteristic. Moreover,
by providing the polymer in the form of a matrix, the
antiglare layer can be easily produced.

[0026] With the antiglare layer designed so that the specu-
lar reflection characteristic thereof for light incident there-
upon from the viewer side and the specular transmission
characteristic thereof for light transmitted there through
from the liquid crystal layer to the viewer side satisfy a



US 2006/0274246 Al

predetermined relationship, it is possible to suppress the
image coloring as viewed from an inclined direction while
suppressing the inter object reflection of surrounding images
due to specular reflection of ambient light and maintaining
a high clarity of an image formed by light transmitted in the
normal direction, thereby displaying an image with a wide
viewing angle and a high quality.

[0027] An antiglare layer with an internal scattering layer
and a scattering surface has a good balance between the
specular reflection characteristic for light incident thereupon
from the viewer side and the specular transmission charac-
teristic for light transmitted therethrough from the liquid
crystal layer to the viewer side. An antiglare layer having a
haze value equal to or greater than 15 has a specular
reflection characteristic and a specular transmission charac-
teristic which are in a preferred range, and these character-
istics of an antiglare layer having a haze value equal to or
greater than 25 are even more desirable.

[0028] Particularly, the gray level inversion phenomenon
which is observed when a TN or STN mode liquid crystal
display device is viewed from a direction inclined toward
the normal viewing direction cannot be sufficiently reduced
even with a phase compensation element in which a prin-
cipal axis is inclined. For example, when the vertical angle
is inclined from the direction normal to the display plane
toward the normal viewing direction, the display quality
deteriorates, starting from a vertical angle in the vicinity of
30°. In order to suppress the deterioration in display quality
in the normal viewing direction, the haze value of the
antiglare layer is preferably equal to or greater than 40, and
more preferably equal to or greater than 50.

[0029] The optical characteristics (the specular reflection
characteristic and the specular transmission characteristic
described above) of the antiglare layer suitably used in the
liquid crystal display device of the present invention are
evaluated in terms of transmitted image clarity which is
measured with an image clarity meter. When the value of
transmitted image clarity measured with an image clarity
meter in which the width of the optical comb is 0.5 mm is
equal to or greater than 10, the clarity of an image formed
by light transmitted in the normal direction is maintained at
a high level. Particularly, with an antiglare layer for which
the value of transmitted image clarity is equal to or greater
than 15, the clarity of an image formed by light transmitted
in the normal direction is further improved.

[0030] Ttis preferred that the refractive index anisotropy A
n(550) of the liquid crystal material for light having a wave
length of 550 nm is set to be in the range of
0.060<An(550)<0.120. When the refractive index anisotropy
An(550) of the liquid crystal material for light having a
wavelength of 550 nm (light of the highest visibility) is
outside the range, the inversion phenomenon or reduction in
contrast ratio may occur depending upon the vertical angle.
By setting the refractive index anisotropy An(550) of the
liquid crystal material for light having a wavelength of 550
nm to be greater than 0.060 and less than 0.120), it is possible
to suppress the change in phase difference which is depen-
dent upon the vertical angle, whereby it is possible to further
suppress the change in contrast ratio or the inversion phe-
nomenon in the horizontal directions. Moreover,by setting
there fractive index anisotropy An(550)of the liquid crystal
material for light having a wavelength of 550 nm in the
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range of 0.070 An(550) 0.093, it is possible to more effec-
tively and reliably eliminate the phase difference which is
dependent upon the vertical angle, whereby it is possible to
more reliably suppress the change in contrast ratio or the
inversion phenomenon in the horizontal directions. Also for
suppressing the deterioration in display quality in the normal
viewing direction in an arrangement employing an antiglare
layer whose haze value is equal to or greater than 40, the
An(550) is  set preferably in the range of
0.060<An(550)<0.120, and more preferably in the range of
0.070 An(550) 0.095.

[0031] Inacombination with a liquid crystal layer having
a positive uniaxial optical anisotropy, it is preferred that the
phase compensation element has an index ellipsoid which
has three principal axes, a-axis, b-axis and c-axis, which are
orthogonal to one another and three principal refractive
indices, na, nb and nc, wherein na=nc>nb, a-axis is substan-
tially parallel to the layer plane of the liquid crystal layer,
and b-axis is inclined with respect to the layer normal of the
liquid crystal layer.

[0032] The inclination angle of b-axis of the index ellip-
soid of the phase compensation element with respect to the
layer normal of the liquid crystal layer is preferably set to be
equal to or greater than 15° and less than or equal to 75°. By
setting the inclination angle of the index ellipsoid in this
way, it is possible to effectively compensate for the phase
difference due to the liquid crystal molecules. It is preferred
that the product of the difference between the principal
refractive indices na and nb of the phase compensation
element with the thickness d thereof, i.e., (na-nb)xd, is set
to be equal to or greater than 80 nm and less than or equal
to 250 nm. By setting the product of the difference between
the principal refractive indices na and nb of the phase
compensation element with the thickness d thereof in this
way, it is possible to reliably obtain the compensation effect
from the phase compensation element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a cross-sectional view illustrating a
structure of a liquid crystal display device 100 according to
one embodiment of the present invention.

[0034] FIG. 2 is a perspective view illustrating the direc-
tions of the principal refractive indices of phase compensa-
tion elements 2 and 3 in the liquid crystal display device 100.

[0035] FIG. 3 is a perspective view illustrating an optical
arrangement of a liquid crystal cell 1, the phase compensa-
tion elements 2 and 3 and polarizing plates 4 and 5 in the
liquid crystal display device 100.

[0036] FIG. 4 is a cross-sectional view illustrating a
structure of an antiglare layer 16 in the liquid crystal display
device 100.

[0037] FIG. 5 is a graph illustrating the applied voltage
versus transmittance characteristics of a liquid crystal dis-
play device according to one embodiment of the present
invention and those of other liquid crystal display devices of
reference examples.

[0038] FIG. 6 is a perspective view illustrating an evalu-
ation system for evaluating a vertical angle dependence of a
liquid crystal display device.
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[0039] FIG.7A, 7B, and 7C are graphs illustrating applied
voltage versus transmittance characteristics of liquid crystal
display devices according to Embodiment 3.

[0040] FIG. 8A, 8B, and 8C are graphs illustrating applied
voltage versus transmittance characteristics of liquid crystal
display devices of reference examples.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Hereinafter, preferred embodiments of the present
invention will be described with reference to the accompa-
nying drawings, in which the same reference numerals
denote the same components throughout the following
embodiments. Note, however, the present invention is not
limited to the following embodiments.

[0042] FIG. 1 is a cross-sectional view illustrating a
structure of a liquid crystal display device 100 according to
one embodiment of the present invention. The liquid crystal
display device 100 is a TN mode liquid crystal display
device of a normally white mode.

[0043] The liquid crystal display device 100 includes a
liquid crystal cell 1, polarizing plates 4 and 5 provided so as
to oppose each other via the liquid crystal cell 1 therebe-
tween, phase compensation elements 2 and 3 provided
between the liquid crystal cell 1 and the polarizing plates 4
and 5, respectively, and an antiglare layer 16 provided on the
viewer side of the polarizing plate 4 which is provided closer
to the viewer. The liquid crystal display device 100 is driven
by a driving circuit 17, and uses light from a backlight (not
shown) which is provided under the polarizing plate 5 in
FIG. 1, so as to display an image.

[0044] The liquid crystal cell 1 includes electrode sub-
strates 6 and 7, and a liquid crystal layer 8 provided between
the electrode substrates 6 and 7. The electrode substrate 6
includes a base glass substrate (light transmissive substrate)
9, a transparent electrode 10 made of ITO (indium tin oxide)
which is provided on the surface of the glass substrate 9
closer to the liquid crystal layer 8, and an alignment film 11
provided on the transparent electrode 10. The electrode
substrate 7 includes a base glass substrate (light transmissive
substrate) 12, a transparent electrode 13 made of ITO which
is provided on the surface of the glass substrate 12 closer to
the liquid crystal layer 8, and an alignment film 14 provided
on the transparent electrode 13. The transparent electrodes
10 and 13 are connected to the driving circuit 17.

[0045] FIG. 1 only shows the arrangement of one pixel for
the sake of simplicity. However, a plurality of transparent
electrodes 10 and a plurality of transparent electrode 13 each
having a strip shape of a predetermined width are provided
on the glass substrates 9 and 12, respectively, at predeter-
mined intervals so as to substantially cover the entire display
section of the liquid crystal cell 1. The transparent electrodes
10 on the glass substrate 9 and the transparent electrodes 13
on the other glass substrate 12 are arranged so that they cross
each other (orthogonally in this example) as viewed from a
direction vertical to the substrate surface. Each intersection
between the transparent electrodes 10 and 13 corresponds to
a pixel region (a region corresponding to a pixel in a
displayed picture). The pixel regions are arranged in a
matrix pattern so as to cover the entire surface of the liquid
crystal display device.
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[0046] The electrode substrates 6 and 7 are attached to
each other by a seal resin 15, and the space surrounded by
the electrode substrates 6 and 7 and the seal resin 15 is filled
with the liquid crystal layer 8. A voltage according to display
data is applied across the liquid crystal layer 8 from the
driving circuit 17 via the transparent electrodes 10 and 13.

[0047] The arrangement of the phase compensation ele-
ments 2 and 3 will be described with reference to FIG. 2.

[0048] The phase compensation elements 2 and 3 each
have three principal refractive indices, na, nb and nc, along
the three axes, a-axis, b-axis and c-axis, which are orthogo-
nal to one another (the principal axes of the index ellipsoid)
as illustrated in FIG. 2. The xyz coordinate system in FIG.
2 is defined with respect to the phase compensation elements
2 and 3 as they are arranged in the liquid crystal display
device 100, wherein the xy plane defines a plane parallel to
the layer plane of the liquid crystal layer 8 (which is
typically parallel to the substrate surface), and the z axis is
parallel to the layer normal of the liquid crystal layer 8
(which typically coincides with the normal to the display
plane). Typically, the phase compensation elements 2 and 3
are each in the form of a plate (thus referred to also as a
“phase compensation plate”) as illustrated in the figure, and
the principal plane thereof is arranged to be parallel to the
layer plane of the liquid crystal layer 8 (or to the substrate
surface). In the following description, a case where the
phase compensation plates 2 and 3 are arranged so that the
principal planes thereof are parallel to the layer plane of the
liquid crystal layer 8 will be discussed for the sake of
simplicity.

[0049] The phase compensation plates 2 and 3 are
arranged so that a-axis coincides with y-axis as illustrated in
FIG. 2, for example. In each of the phase compensation
plates 2 and 3, b-axis is inclined about a-axis by 0 from the
z-axis direction in a direction indicated by arrow A (the
counterclockwise direction in this example). The c-axis
direction is inclined about a-axis by 0 from the x-axis
direction in a direction indicated by arrow B (the counter-
clockwise direction in this example). In FIG. 2, D denotes
the direction of b-axis (which is inclined in such a direction
as to give an anisotropy to the phase compensation plates 2
and 3) as being projected onto the xy plane.

[0050] The three principal refractive indices, na, nb and
nc, of each of the phase compensation plates 2 and 3 used
in the liquid crystal display device 100 have a relationship
of na=nc>nb. Thus, the phase compensation plates 2 and 3
are each an uniaxial phase compensation plate having a
negativere fractive index anisotropy. The first retardation
value, which is expressed as the product of the difference
between the principal refractive indices na and nc of the
phase compensation plates 2 and 3 (the refractive index
anisotropy An) with the thickness d thereof, i.e., (nc-na)xd,
is substantially 0 nm because na=nc. The second retardation
value, which is expressed as the product of the difference
between the principal refractive indices na and nb of the
phase compensation plates 2 and 3 (the refractive index
anisotropy An) with the thickness d thereof, i.e., (na-nb)xd,
is preferably set to be equal to or greater than 80 nm and less
than or equal to 250 nm. By setting the second retardation
value in this range, it is possible to reliably obtain the phase
difference compensation function from the phase compen-
sation plates 2 and 3. The thickness of each of the phase
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compensation plates 2 and 3 herein denotes a thickness
thereof in the direction parallel to the layer normal of the
liquid crystal layer 8, i.e., the direction parallel to the normal
to the display plane and the principal planes of the phase
compensation plates 2 and 3.

[0051] In the liquid crystal display device 100 of the
present embodiment, the liquid crystal cell 1, the phase
compensation plates 2 and 3 and the polarizing plates 4 and
5 are arranged as illustrated in FIG. 3. The absorption axis
AX1 of the polarizing plate 4 is arranged so as to be parallel
to the rubbing direction P1 of the alignment film 11 which
is provided on the same side as the polarizing plate 4 with
respect to the liquid crystal layer 8. Similarly, the absorption
axis AX2 of the polarizing plate 5 is arranged so as to be
parallel to the rubbing direction P2 of the alignment film 14
which is provided on the same side as the polarizing plate 5
with respect to the liquid crystal layer 8.

[0052] The phase compensation plate 2 is arranged so that
the direction D1 (D in FIG. 2) is parallel to the rubbing
direction P1 of the alignment film 11, and the phase com-
pensation plate 3 is arranged so that the direction D2 (D in
FIG. 2) is parallel to the rubbing direction P2 of the
alignment film 14. The rubbing directions P1 and P2 are
orthogonal to each other, and the polarization axes AX1 and
AX2 are also orthogonal to each other.

[0053] For example, each of the phase compensation
plates 2 and 3 is made of a discotic liquid crystal material in
an inclined or hybrid orientation held in a matrix (referred to
also as a “support”) obtained by cross-linking a transparent
organic polymer. One of the most suitable matrix materials
for the phase compensation plates 2 and 3 is triacetylcellu-
lose (TAC), which is commonly used as a material of a
polarizing plate. With such a matrix material, a reliable
phase compensation plate can be obtained. Other materials
suitable for this purpose include an organic polymer film
which is excellent in terms of environment resistance and
chemical resistance, such as polycarbonate (PC) and poly-
ethylene terephthalate (PET).

[0054] Next, the structure and function of the antiglare
layer 16 will be described with reference to FIG. 4.

[0055] The antiglare layer 16 suppresses the occurrence of
a coloring (typically, yellowish coloring or bluish coloring)
phenomenon, i.e., the reduction in color reproducibility,
which is characteristic of an arrangement using a phase
compensation element. The antiglare layer 16 is designed so
that the specular reflection characteristic thereof for light
incident thereupon from the viewer side and the specular
transmission characteristic thereof for light transmitted there
through from the liquid crystal layer 8 to the viewer side
satisfy a predetermined relationship, thereby maintaining a
high clarity of an image formed by light transmitted in the
normal direction while suppressing the interobject reflection
of surrounding images due to specular reflection of ambient
light. As a result, the image coloring as viewed from an
inclined direction in a horizontal direction (a direction
perpendicular to the normal viewing direction) is sup-
pressed, thereby displaying an image with a wide viewing
angle and a high quality.

[0056] The antiglare layer 16 includes, for example, an
internal scattering layer 164 and a scattering surface 165 as
illustrated in FIG. 4. The internal scattering layer 16a is
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made of, for example, a material obtained by dispersing and
mixing in a polymer matrix minute particles (a filler) having
a refractive index which is different from that of the polymer
matrix, and scatters (or diffuse-reflects) light transmitted
through the internal scattering layer 16a. The scattering
surface 165 is a surface having concave/convex portions,
and scatters ambient light which is incident thereupon
primarily from the viewer side. The scattering surface 165
can be obtained by forming the concave/convex portions on
the surface of the internal scattering layer 16a. Alternatively,
the scattering surface 165 can be obtained by providing
another film on the surface of the internal scattering layer
16a and then forming the concave/convex portions on the
surface of the film as illustrated in FIG. 4.

[0057] The internal scattering layer 16a can be obtained,
for example, by curing a material which is obtained by
dispersing and mixing in a U curable resin (e.g., an acryla-
temonomer, a cellulose derivative, or a mixture thereof)
about 10 to 30 parts by weight of a filler (e.g., minute silica
particles having a uniform particle diameter).

[0058] As described above, the antiglare layer 16 having
the internal scattering layer 16a and the scattering surface
165 has a good balance between the specular reflection
characteristic for light incident thereupon from the viewer
side and the specular transmission characteristic for light
transmitted therethrough from the liquid crystal layer 8 to
the viewer side. When the intensity of specularly-reflected
light from the surface of the liquid crystal display device 100
is high, the viewer sees surrounding images formed by
ambient light thereon, as on a mirror surface. When the
intensity of specularly-transmitted light which is transmitted
through the liquid crystal layer 8 in parallel to the layer
normal is low, the display from the liquid crystal layer 8 is
blurred. A high display quality can be realized by controlling
the above-described characteristics of the antiglare layer 16
in a well-balanced manner.

[0059] The function of the antiglare layer 16 of the present
invention will now be described in greater detail.

[0060] The liquid crystal molecules in the liquid crystal
layer, excluding those in the vicinity of the inner surface of
the liquid crystal cell, are oriented at a certain angle with
respect to the inner surface of the liquid crystal cell whether
in the absence of an applied voltage or in the presence of an
appropriate applied voltage. “Being oriented at a certain
angle” as used herein refers to not only the state of being
inclined with respect to the inner surface of the liquid crystal
cell, but also a state of being oriented substantially parallel
or perpendicular to the inner surface of the liquid crystal
cell.

[0061] The viewer observes the liquid crystal layer from a
vertical angle a, which is a direction inclined from the
normal to the liquid crystal cell surface (a direction inclined
from the normal to the display plane). Without the antiglare
layer, the viewer only views a portion of light incident upon
the liquid crystal cell from the light source which passes
through the liquid crystal layer in a direction inclined from
the normal direction by the vertical angle a. Therefore, the
retardation value of the liquid crystal layer for the light
viewed by the viewer is constant. As a result, the coloring
phenomenon occurs due to the difference in wavelength
dispersion of retardation value between the phase compen-
sation element and the liquid crystal layer.
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[0062] In contrast, with the antiglare layer, light passing
through the liquid crystal layer is forwardly scattered by the
antiglare layer, whereby the viewer observing the liquid
crystal layer from a direction at the vertical angle a views not
only light passing through the liquid crystal layer in a
direction inclined from the normal direction by the vertical
angle a, but also views, at the same time, light passing
through the liquid crystal layer at various angles other than
the vertical angle a Since the retardation value of the liquid
crystal layer varies for different light beams passing through
the liquid crystal layer at different angles, the different light
beams passing at different angles have different color tones
(different chromaticity values in the chromraticity diagram).
Therefore, with the antig] are layer, the viewer, even when
viewing the liquid crystal layer from a fixed vertical angle a,
views a plurality of light beams passing through the liquid
crystal layer at different angles. As a result, the viewer
observes light having a color tone (a chromaticity value in
the chromaticity diagram) obtained by averaging different
color tones (different chromaticity values in the chromaticity
diagram).

[0063] Therefore, it is possible to realize a liquid crystal
display device having a desirable color reproducibility with
a good white balance whereby coloring does not occur in an
inclined direction (a direction inclined from the normal to
the display plane) while providing a high contrast and a wide
viewing angle characteristic, by appropriately selecting a
phase compensation element which can improve the viewing
angle characteristic of the liquid crystal display device
depending upon the display mode and the application
thereof, and by suitably setting the specular reflection char-
acteristic and the specular transmission characteristic of the
antiglare layer in view of the wavelength dispersion of the
retardation value of the selected phase compensation ele-
ment and that of the liquid crystal layer.

[0064] The antiglare laver 16 whose haze value is equal to
or greater than 15 has a specular reflection characteristic and
a specular transmission characteristic which are in a pre-
ferred range, and these characteristics of the antiglare layer
16 whose haze value is equal to or greater than 25 are even
more desirable. Particularly, it is possible to effectively
suppress the coloring phenomenon which is observed on a
TN or STN mode liquid crystal display device when the
vertical angle is inclined to a horizontal direction. Moreover,
with the antiglare layer 16 whose haze value is equal to or
greater than 40, it is possible to suppress the deterioration in
display quality (typically, the gray level inversion of a black
display) which is observed on a TN or STN mode liquid
crystal display device when the vertical angle is inclined in
the normal viewing direction. In order to suppress the
vertical angle dependence of the display quality in the
normal viewing direction, it is more preferred to use the
antiglare layer 16 whose haze value is equal to or greater
than 50.

[0065] The optical characteristics (the specular reflection
characteristic and the specular transmission characteristic as
described above) of the antiglare layer 16 suitably used in
the liquid crystal display device 100 are evaluated in terms
of transmitted image clarity which is measured with an
image clarity meter. When the value of transmitted image
clarity measured with an image clarity meter in which the
width of the optical comb is 0.5 mm is equal to or greater
than 10, the clarity of an image formed by light transmitted
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in the normal direction is maintained at a high level.
Particularly, with an antiglare layer for which the value of
transmitted image clarity is equal to or greater than 15, the
clarity of an image formed by light transmitted in the normal
direction is further improved.

[0066] The refractive index anisotropy An(550) of the
liquid crystal material of the liquid crystal layer 8 for light
having a wavelength of 550 nm is preferably in the range of
0.060<An(550)<0.120. When the refractive index anisotropy
An(550) of the liquid crystal material for light having a
wavelength of 550 nm (light of the highest visibility) is
outside the range, the inversion phenomenon or the reduc-
tion in contrast ratio may occur depending upon the vertical
angle. When the refractive index anisotropy An(550) of the
liquid crystal material for light having a wavelength of 550
nm is in the range of 0.060<An(550)<0.120, it is possible to
reduce the phase difference dependent upon the vertical
angle, whereby it is possible to more effectively suppress the
variation in contrast ratio or the inversion phenomenon in
the horizontal directions. Moreover, when the refractive
index anisotropy An(550) of the liquid crystal material for
light having a wavelength of 550 nm is in the range of 0.070
An(550) 0.095, it is possible to more effectively and reliably
reduce the phase difference dependent upon the vertical
angle, whereby it is possible to more reliably suppress the
variation in contrast ratio and the inversion phenomenon in
the horizontal directions and in the normal viewing direc-
tion.

[0067] The liquid crystal material used in the present
embodiment is a nematic liquid crystal material having a
positive dielectric anisotropy and a positive refractive index
anisotropy, and forms a liquid crystal layer of a horizontal
orientation type. A horizontal orientation liquid crystal layer
is a liquid crystal layer in which the liquid crystal molecules
are oriented parallel (ignoring slight pretilt angles) to the
surface of the substrate in the absence of an applied voltage,
and is not limited to the TN or STN mode described above.
Never the less, significant effects can be obtained when the
present invention is used with a liquid crystal display device
having a twist orientation liquid crystal layer such as those
of the TN or STN mode.

[0068] Ttis preferred that the inclination angle of b-axis of
the index ellipsoid of the phase compensation element with
respect to the layer normal of the liquid crystal layer is set
to be equal to or greater than 150 and less than or equal to
75°. By setting the inclination angle of the index ellipsoid in
this way, it is possible to effectively compensate for the
phase difference due to the liquid crystal molecules. It is
preferred that the product of the difference between the
principal refractive indices na and nb of the phase compen-
sation element with the thickness d thereof, i.e., (na-nb)xd,
is set to be equal to or greater than 80 nm and less than or
equal to 250 nm. By setting the product of the difference
between the principal refractive indices na and nb of the
phase compensation element with the thickness d thereof in
this way, it is possible to reliably obtain the compensation
effect from the phase compensation element.

[0069] The liquid crystal display device of the present
invention will now be described with more specific embodi-
ments.
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Embodiment 1

[0070] In Embodiment 1, Samples (specific examples)
A1l to Al4 were prepared. Each of Samples A1l to A14 was
obtained by providing the antiglare layer 16 having a haze
value as shown in Table 1 below on the viewer side of the
polarizing plate 4 in the liquid crystal display device 100 as
illustrated in FIG. 1. OPTMER AL manufactured by JSR
Corporation was used for the alignment films 11 and 14 of
the liquid crystal cell 1, and the thickness of the liquid
crystal cell 1 (the thickness of the liquid crystal layer 8) was
set to be 5 um. A liquid crystal material whose refractive
index anisotropy An(550) for light having a wavelength of
550 nm is 0.080 was used for the-liquid crystal layer 8. As
reference examples, Samples A201 and A202 were prepared
with the antiglare layer 16 thereof having the respective
values shown in Table 1 below. The haze value is herein
defined as a percentage of the diffused light transmittance
with respect to the total light beam transmittance. The values
shown herein were obtained with a hazemeter manufactured
by Nippon Denshoku Industries Co., Ltd.

[0071] A phase compensation plate in which a discotic
liquid crystal material was oriented in an inclined orientation
was used for the phase compensation plates 2 and 3. In the
produced phase compensation element, the first retardation
value (nc-na)xd was 0 nm, the second retardation value
(na-nb)xd was 100 nm, and the inclination angle 0 of the
index ellipsoid was about 20° (the direction of the principal
refractive index nb as shown in FIG. 2 was inclined by about
20° from the z-axis direction of the xyz coordinate system in
the direction indicated by arrow A, and the direction of the
principal refractive index nc was inclined by about 20° from
the x-axis direction in the direction indicated by arrow B).
The same phase compensation element was used in Embodi-
ments 2 and 3 to be described later.

TABLE 1

Sample

All Al2 Al3 Al4 A201 A202

Haze 155 25.0 30.3 38.7 0.40 9.05
value

[0072] Table 2 below shows the results of a visual obser-
vation of the anti-interobject reflection property and the
image coloring in the horizontal directions for Samples A11
to Al4 and Reference Samples A201 and A202.

TABLE 2

Sample

All  Al2 Al3 Al4 A201  A202

Anti-interobject 4 4 5 5 1 3
reflection property

Image coloring O ® ® ® X A
[0073] The evaluation criteria used in the visual observa-

tion of the anti-interobject reflection property and the image
coloring in Table 2 are as follows.

[0074]
[0075]
[0076]

<Anti-interobject reflection property>
5: Reflected image not observed at all

4: Reflected image not observed
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[0077] 3: Slight reflected image observed, though blurred
[0078] 2: Reflected image observed, though blurred
[0079] 1: Reflected image clearly observed

[0080] <Image coloring>

[0081] ©: No coloring observed

[0082] O: Slight coloring observed

[0083] A: Coloring observed

[0084] x: Significant coloring observed

[0085] Table 3 below shows the results of an evaluation of

the color reproducibility of a displayed image in terms of
chromaticity values (x, y) for the liquid crystal display
devices of Samples All and Al4 and Reference Sample
A202 when the vertical angle was inclined in a horizontal
direction by 50° and 60°. The chromaticity values were
measured with BM-7 manufactured by TOPCON Corpora-
tion.

TABLE 3

Sample

All Al4 A202
Chromaticity value

X y X y X y
50° 0.3581 03675 03558  0.3647  0.3609 0.3695
60° 0.3647 03650  0.3587  0.3612  0.3700 0.3696

[0086] Table 3 shows that Samples A1l and Al4 of the
present embodiment have smaller chromaticity values (x, y),
both x and y, than those of Reference Sample A202, as
measured when the vertical angle is inclined by 50° and 60°
in the horizontal direction. Since the direction in which the
values of x and y increase is the direction toward yellow in
the chromaticity diagram, and the direction in which the
values of x and y decrease is the direction toward blue in the
chromaticity diagram, it can be seen that the yellowish
coloring occurring when the vertical angle is inclined in a
horizontal direction is suppressed for the samples of the
present embodiment. This shows that the color reproduc-
ibility is not reduced when the vertical angle is inclined.

[0087] Tt can also be seen that the yellowish coloring is
more suppressed for Sample Al4 than for Sample All.
Since a human eye can perceive a difference in color tone
when there is a difference in the x and y values as much as
0.005. it can be said that the yellowish coloring occurring
when the vertical angle is inclined in a horizontal direction
is suppressed for Samples All and Al4 of the present
embodiment. It can be seen that the yellowish coloring is
even more suppressed for Sample Al4.

[0088] As can be seen from Tables 2 and 3, it was
confirmed through both visual observation and measurement
that the image coloring occurring when the liquid crystal
display device is viewed from a horizontal direction is
suppressed for Samples All to Al4 of Embodiment 1,
indicating that the samples provide a desirable display
quality. It can be seen that the image coloring is more
suppressed for Samples A12 to Al4, thereby displaying an
image with an even higher quality.
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[0089] Thus, it can be seen that the haze value of the
antiglare layer 16 provided on the surface of the upper
polarizing plate 4 is preferably equal to or greater than 15,
and more preferably equal to or greater than 25, in order to
suppress the image coloring (in the horizontal directions)
which is characteristic of an arrangement using a phase
compensation plate.

[0090] Tt will be shown below that the display quality in
the normal viewing direction can be improved by producing
the liquid crystal display device 100 with the antiglare layer
16 having a haze value equal to or greater than 40.

[0091] Samples B11 to B15 were prepared in a manner
similar to that described above except that the antiglare
layers 16 having respective haze values as shown in Table 4
below were used. For comparison, Reference Samples B201
and B202 were prepared with the antiglare layers 16 having
haze values less than or equal to 40.

TABLE 4

Sample

Bl1 B12 B13 B14 B15 B201 B202

Haze 41.0 455 50.1 63.7 70.8 10.5 353
value

[0092] Table 5 below shows the results of a visual obser-
vation of the image coloring for Samples B11 to B15 and
Reference Samples B201 and B202 when the vertical angle
was inclined in the normal viewing direction (the downward
direction) by 500, 600 and 700. Table 6 below shows the
results of an evaluation of the color reproducibility of a
displayed image in terms of chromaticity values (x, y) for a
vertical angle of 60°. In Table 5, symbol “O indicates “no
coloring observed”, symbol “A” indicates “coloring
observed, though within acceptable range”, and symbol “x”
indicates “coloring observed to degree over acceptable
range”. FIG. 5 shows applied voltage versus transmittance
characteristics (V-1 characteristics) for a vertical angle of
50° in the normal viewing direction for Samples B12, B15
and Reference Sample B201.

TABLE 5

Sample

Bl1 B12 B13 B14 B15 B201 B202

50° @] G O O @] X X
60° X A O @] O X X
70° X X O O @] X X
[0093]
TABLE 6
Sample

Bl B12 B13 Bl4 B15 B201  B202

0.3661
0.3703

X 03610 0.3602
y 0.3650  0.3643

0.3584 0.3543
0.3637 0.3600

03512 0.3696
0.3579  0.3710

[0094] Table 5 shows that no coloring was observed when
the vertical angle was inclined by 50° in the normal viewing
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direction for Samples BI11 to BIS, indicating that the
samples provide a desirable display quality. Particularly for
Samples B13 to B15, no coloring was observed even when
the vertical angle was inclined by 70°, and the vertical angle
characteristic in the normal viewing direction was very
good. In contrast, for Reference Samples B201 and B202,
significant coloring was observed when the vertical angle
was inclined by 50° indicating that the vertical angle
dependence of the display quality in the normal viewing
direction was not sufficiently suppressed for these reference
samples.

[0095] Table 6 shows that Samples B11 to B15 have
chromaticity values x and y smaller than those of Reference
Sample B201 by 0.0086 or more and 0.0060 or more,
respectively, indicating that the yellowish coloring is sup-
pressed for these samples. Samples B11l to B15 of the
present embodiment have chromaticity values x and y
smaller than those of Reference Sample B202 by 0.0051 or
more and 0.0053 or more, respectively, indicating that the
yellowish coloring is suppressed for these samples.

[0096] Particularly, Samples B13 to B15 have chromatic-
ity values x and y smaller than those of Reference Sample
B201 by 0.0112 or more and 0.0073 or more, respectively,
and have chromaticity values x and y smaller than those of
Reference Sample B202 by 0.0077 or more and 0.0066 or
more, respectively, indicating that the yellowish coloring is
even more suppressed for these samples.

[0097] Moreover, based on FIG. 5, it can be said that the
gray level inversion phenomenon in the normal viewing
direction is suppressed for Samples B12 and B15 as com-
pared to Reference Sample B201. Particularly for Sample
B15, substantially no rise (local increase) in transmittance
was observed in the presence of applied voltages ranging
from a voltage near an intermediate gray level voltage to a
voltage near a black display voltage, indicating that the gray
level inversion phenomenon is even more suppressed for the
sample.

[0098] Thus, by using the antiglare layer 16 having a haze
value equal to or greater than 40 (Samples B11 to B195), it
is possible to effectively suppress the vertical angle depen-
dence of the display quality in the normal viewing direction
(gray level inversion phenomenon or coloring). The haze
value is preferably equal to or greater than 50 (Samples B13
to B15), and more preferably equal to or greater than 70
(Sample B15).

Embodiment 2

[0099] As described above, by providing an antiglare layer
having a large haze value, it is possible to reduce the vertical
angle dependence of the display quality. However, a dis-
played image may appear blurred depending upon the anti-
glare layer used. In Embodiment 2, an antiglare layer with
which the image clarity can be maintained at a sufficiently
high level will be described.

[0100] As in Embodiment 1, Samples (specific examples)
A21 to A24 were prepared. Each of Samples A21 to A24 was
obtained by providing the antiglare layer 16 having a value
of transmitted image clarity as shown in Table 7 below on
the viewer side of the polarizing plate 4 in the liquid crystal
display device 100 as illustrated in FIG. 1. As reference
examples, Samples A301 and A302 were prepared with the
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antiglare layer 16 thereof having the respective values
shown in Table 7 below. All of the antiglare layers of these
samples and reference samples had a haze value equal to or
greater than 10 and less than 40.

[0101] The transmitted image clarity was measured with
an image clarity meter (manufactured by Suga Test Instru-
ments Co., Ltd.) in which the width of the optical comb was
0.5 mm. The measurement method will now be described.

[0102] The image clarity meter includes an optical device
for passing light through a slit to make parallel light beams
so that the parallel light beams are incident upon a sample
in the vertical direction so as to detect the transmitted light
through a moving optical comb, and a measurement device
for recording the fluctuations in the detected amount of light
as a waveform. The optical comb has a width ratio of 1:1
between the dark portion and the light portion. Five different
optical comb widths of 0.125 mm, 0.25 mm, 0.5 mm, 1.0
mm and 2.0 mm are used, and the speed thereof is set to
about 10 mm/min. Where M denotes the maximum value of
the intensity of light transmitted through the light portion of
the optical comb and m denotes the minimum value of the
intensity of light transmitted through the dark portion of the
optical comb, the transmitted image clarity C(%) can be
given by the following expression:

C={(M-m)/(M+m)}=100

[0103] The values of transmitted image clarity used herein
are those measured with an optical comb width of 0.5 mm.
It was experimentally confirmed that the such values were
most consistent with the results of a visual observation
performed by observing a liquid crystal panel with a mag-
nifying glass.

TABLE 7

Sample

A2l A22 A23 A24 A301  A302

Transmitted image 105 150 238 64.5 4.0 7.5
clarity

[0104] Table 8 shows the results of a visual observation of
the anti-interobject reflection property and the transmitted
image clarity in the normal direction for Samples A21 to
A24 and Reference Samples A301 and A302.

Dec. 7, 2006

[0106] <Transmitted image clarity>

[0107] The samples were evaluated based on the following
four criteria by observing a pixel of each liquid crystal
display device with a magnifying glass, or the like.

[0108] ®: Boundary of pixel can be recognized

[0109] O: Boundary of pixel can be recognized, though
slightly blurred
[0110] A: Boundary of pixel cannot be recognized, being

slightly blurred
[0111]

[0112] While the magnification used in such an observa-
tion depends upon the resolution of the liquid crystal display
device, a magnification of about 100 was used for XGA, for
example.

[0113] As can be seen from Table 8, for Samples A21 to
A24 of Embodiment 2, the boundary of a pixel can be
recognized by visually observing light transmitted in the
normal direction with a magnifying glass, or the like,
indicating that the clarity of an image formed by light
transmitted in the normal direction is maintained at a high
level. Particularly for Samples A22 to A24, the boundary of
a pixel can be recognized without being blurred by visually
observing light transmitted in the normal direction with a
magnifying glass, or the like, indicating that the clarity of an
image formed by light transmitted in the normal direction is
maintained at a higher level. This shows that in order to
maintain the clarity of an image formed by light transmitted
in the normal direction at a high level, the value of trans-
mitted image clarity of the antiglare layer as measured with
an image clarity meter in which the width of an optical comb
1s 0.5 mm is preferably equal to or greater than 10, and more
preferably equal to or greater than 15.

[0114] The results of a similar evaluation of the transmit-
ted image clarity with the antiglare layer 16 having a haze
value equal to or greater than 40 will be discussed below.
Samples B21 to B25 and Reference Sample B301 and B302
were prepared having the same structure as those of the
above-described samples except that the antiglare layers 16
having respective haze values as shown in Table 9 below
were used.

x: Boundary of pixel cannot be recognized

TABLE 9

Sample

B21 B22 B23 B24  B25 B301 B302

Transmitted 102 13.6 150 289 395 34 7.8

TABLE 8 imae
Sample clarity
A2 A2 A3 A24 A301 A302 .
[0115] Table 10 below shows the results of a visual

Anti-interobject 5 4 3 2 5 5
reflection property

Transmitted ) ©® ® ® X A
image clarity

[0105] The evaluation criteria used for the anti-interobject

reflection property in Table 8 are the same as those described
above in Embodiment 1. The evaluation criteria for the
visual observation of the transmitted image clarity are as
follows:

observation of the clarity of an image formed by light
transmitted in the normal direction for Samples B21 to B25
and Reference Samples B301 and B302.

[0116] The criteria for the visual observation were as
follows.

[0117] 6: Boundary of pixel can be recognized clearly
[0118] 5: Pixel can be recognized

[0119] 4: Boundary of pixel can be recognized, though
slightly blurred
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[0120] 3: Boundary of pixel cannot be recognized, being
slightly blurred

[0121] 2: Pixel cannot be recognized
[0122] 1:I Pixel cannot be recognized at all
TABLE 10
Sample
B2l B2 B23 B2 B25 B30l B3N

Transmitted 4 5 6 6 6 1 2
image
clarity
[0123] Table 10 shows that the boundary of a pixel can be

recognized and the transmitted image clarity is maintained at
a high level for Samples B21 to B25 of the present embodi-
ment. Particularly for Samples B23 to B25 of the present
embodiment, the boundary of a pixel can be recognized
clearly, indicating a high transmitted image clarity. In con-
trast, for Reference Samples B301 and B302, the boundary
of a pixel cannot be recognized, indicating a low transmitted
image clarity.

[0124] Thus, it can be seen that in order to maintain the
clarity of an image formed by light transmitted in the normal
direction at a high level, the value of transmitted image
clarity is preferably equal to or greater than 10, and more
preferably equal to or greater than 15, with an antiglare layer
having a haze value equal to or greater than 40.

Embodiment 3

[0125] In Embodiment 3, OPTMERAL manufactured by
ISR Corporation was used for the alignment films 11 and 14
of the liquid crystal cell 1 of the liquid crystal display device
100 illustrated in FIG. 1, and the thickness of the liquid
crystal cell 1 (the thickness of the liquid crystal layer 8) was
set to be 5 um. Three Samples A31, A32 and A33 were
produced in which the refractive index anisotropy An(550)
of the liquid crystal material of the liquid crystal layer 8 for
light having a wavelength of 550 nm was 0.070, 0.080 and
0.095, respectively. Samples A31, A32 and A33 used the
antiglare layers 16 having respective haze values and trans-
mitted image clarity values as shown in Table 11 below.

[0126] For comparison, Reference Samples A401 and
A402 were produced in which the refractive index anisot-
ropy An( 550) of the liquid crystal material of the liquid
crystal layer 8 of the liquid crystal display device 100 as
illustrated in FIG. 1 for light having a wavelength of 550 nm
was set to be 0.060 and 0.120, respectively. Reference
Samples A401 and A402 used the antiglare layers 16 having
respective haze values and transmitted image clarity values
as shown in Table 11 below.

TABLE 11
Sample
A3l A32 A33 Ad01 A402
Haze value 30.3 25.0 15.4 103 7.0
Transmitted 15.0 23.8 303 4.0 7.5

image clarity

[0127] For Samples A31 to A33 and Reference Samples
A401 and A402, the viewing angle characteristic of each of
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the liquid crystal display devices was evaluated with a
measurement system as illustrated in FIG. 6.

[0128] The viewing angle characteristic evaluation system
illustrated in FIG. 6 includes a light receiving element 18,
an amplifier 19 and are coding device 20. In this measure-
ment system, a viewer side surface 100« of the liquid crystal
display device 100 is arranged so as to be parallel to the xy
plane of the rectangular coordinate system xyz (the rectan-
gular coordinate system of this measurement system coin-
cides with the xyz coordinate system illustrated in FIG. 2).

[0129] The light receiving element 18 for receiving light at
a fixed light-receiving solid angle is arranged at a distance
from the origin of coordinates at an angle ¢ (vertical angle)
with respect to the z-axis direction, which is normal to the
viewer side surface 100a of the liquid crystal display device
100. In measurement, the opposite surface to the viewer side
surface 100q of the liquid crystal display device 100, placed
in the measurement system, is irradiated with monochro-
matic light having a wavelength of 550 nm. Thus, a portion
of the monochromatic light transmitted through the liquid
crystal display device 100 is incident upon the light receiv-
ing element 18. After the output of the light receiving
element 18 is amplified to a predetermined level in the
amplifier 19, the amplified output is recorded by the recod-
ing device 20 which is provided with a waveform memory,
a recorder, efc.

[0130] Samples A31 to A33 of Embodiment 3 and Refer-
ence Samples A401 and A402 were placed in the measure-
ment system for the measurement of the relationship
between the applied voltage to each liquid crystal display
device and the output level of the light receiving element 18
with the light receiving element 18 being fixed at the angle
¢. The light receiving element 18 was arranged so that the
angle ¢ was 50°. Assuming that the x-axis direction to be the
downward direction in the display plane (the normal view-
ing direction) and the y-axis direction to be the leftward
direction in the display plane, the measurement was per-
formed while moving the light receiving element 18 in the
upward direction (the counter normal viewing direction) and
in the horizontal directions.

[0131] FIG. 7A 1o FIG. 7C show the results of the
measurement for Samples A31 to A33 of the present
embodiment, and FIG. 8A to FIG. 8C show the results of
the measurement for Reference Samples A401 and A402.
Bach of FIG. 7A to FIG. 7C and FIG. 8A to FIG. 8C is a
graph illustrating the optical transmittance with respect to
the voltage applied to the liquid crystal display device (the
applied voltage versus transmittance characteristics). FIG.
7A and FIG. 8A show the results of a measurement from the
upward direction, FIG. 7B and FIG. 8B show the results of
a measurement from the rightward direction, and FIG. 7C
and FIG. 8C show the results of a measurement from the
leftward direction.

[0132] In FIG. 7A to FIG. 7C, one-dot-chain line curves
L31a, L315 and L31c¢ show the results for Sample A31
which uses a liquid crystal material of An(550)=0.070 for the
liquid crystal layer 8, solid line curves 1.32a, .32b and L.32¢
show the results for Sample A32 which uses a liquid crystal
material of An(550)=0.080 for the liquid crystal layer 8, and
broken line curves [.33a, L334 and .33¢ show the results for
Sample A33 which uses a liquid crystal material of
An(550)=0.095 for the liquid crystal layer 8. In FIG. 8A to
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FIG. 8C, solid line curves 1.401a, 1.4015 and L.401¢ show
the results for Reference Sample A401 which uses a liquid
crystal material of An(550)=0.060 for the liquid crystal layer
8, and broken line curves 1L.402a, L4025 and L.402¢ show the
results for Reference Sample A402 which uses a liquid
crystal material of A n(550)=0.120 for the liquid crystal
layer 8.

[0133] For the applied voltage versus transmittance char-
acteristics in the upward direction, it was confirmed that the
transmittance of Samples A31 to A33 of the present embodi-
ment sufficiently decreases as the voltage increases as indi-
cated by L31a, 1324 and L33« in FIG. 7A. In contrast, the
transmittance of Reference Sample A402 did not sufficiently
decrease as the voltage increases as indicated by 1.402q in
FIG. 8A, and the contrast ratio inversion phenomenon was
observed in Reference Sample A401, with the transmittance
thereof once decreasing and then increasing again as the
voltage increases as indicated by L401a in FIG. 8A.

[0134] Similarly, for the applied voltage versus transmit-
tance characteristics in the rightward direction, it was con-
firmed that the transmittance of Samples A31 to A33 of the
present embodiment decreases to a substantially zero value
as the voltage increases as indicated by 13154, 1325 and
L33b in FIG. 7B. The transmittance of Reference Sample
A401 decreases to a substantially zero value as the voltage
increases as indicated by 14015 in FIG. 8B. However, the
contrast ratio inversion phenomenon was observed in Ref-
erence Sample A402, with the transmittance thereof once
decreasing and then increasing again as the voltage increases
as indicated by 1.4025 in FIG. 8B.

[0135] Similarly, for the applied voltage versus transmit-
tance characteristics in the leftward direction, it was con-
firmed that the transmittance of Samples A31 to A33 of the
present embodiment decreases to a substantially zero value
as the voltage increases as indicated by [L31¢, [L32¢ and
L33c¢ in FIG. 7C. The transmittance of Reference Sample
A401 decreases to a substantially zero value as the voltage
increases as indicated by L401¢ in FIG. 5C. However, the
contrast ratio, inversion phenomenon was observed in Ref-
erence Sample A402, with the transmittance thereof once
decreasing and then increasing again as the voltage increases
as indicated by 1.402¢ in FIG. 5C.

[0136] It can be seen from the results shown above that in
the liquid crystal display devices of Reference Samples
A401 and A402 in which the refractive index anisotropy
An(550) of the liquid crystal material of the liquid crystal
layer 8 for light having a wave length of 550 nm was set to
be 0.060 and 0.120, respectively, the inversion phenomenon
occurs or the transmittance in the presence of an applied
voltage does not sufficiently decrease as shown in FIG. 8A
to FIG. 8C. Thus, with these liquid crystal display devices,
a practically sufficient display quality cannot be obtained.

[0137] The results of a study on the influence of the
retardation value of the liquid crystal layer 8 on the viewing
angle characteristic of the liquid crystal display device 100
using the antiglare layer 16 having a haze value equal to or
greater than 40 will be discussed below.

[0138] Samples B31 to B33 were produced in a manner
similar to that for Samples A31 to A33 of the embodiment
described above, and Reference Samples B401 and B402
were produced in a manner similar to that for Reference
Samples A401 and A402 described above, except that the
antiglare layer 16 was different from those used in the
previous samples. Table 12 shows the haze values and
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transmitted image clarity values of the antiglare layers 16 of
these samples.

TABLE 12
Sample

B31 B32 B33 B401 B402
Haze value 41.0 50.1 70.8 10.5 353
Transmitted 28.0 20.4 15.2 34 5.9
image clarity
nm 1.50 1.48 1.50 1.50 1.50
np 1.47 1.43 1.40 1.50 1.50
‘nm - np‘ 0.03 0.05 0.10 0.00 0.00

[0139] The antiglare layer 16 used herein is obtained by

dispersing plastic beads having a scattering center in a
polymer matrix. Table 12 shows the refractive index nm of
the polymer matrix of the antiglare layer 16 used in the
samples, the refractive index np of the plastic beads and the
absolute value of the difference therebetween.

[0140] For Samples B31 to B33 and Reference Samples
B401 and B402, the applied voltage versus transmittance
characteristics of the liquid crystal display devices were
measured in a manner similar to that described above with
the measurement system as illustrated in FIG. 6 so as to
evaluate the viewing angle characteristics of the samples.
For Samples B31 to B33, the results as shown in FIG. 7A
to FIG. 7C were obtained, as for Samples A31 to A33. For
Reference Samples B401 and B402, the results as shown in
FIG. 8A to FIG. 8C were obtained, as for Reference
Samples A401 and A402.

[0141] Tt can be seen from the results shown above that in
the liquid crystal display devices of Reference Samples
B401 and B402 in which the refractive index anisotropy
An(550) of the liquid crystal material of the liquid crystal
layer 8 for light having a wavelength of 550 nm is set to be
0.060 and 0.120, respectively, the inversion phenomenon
occurs or the transmittance in the presence of an applied
voltage does not sufficiently decrease as shown in FIG. 8A
to FIG. 8C, even though an antiglare layer having a haze
value equal to or greater than 40 is used. Thus, with these
liquid crystal display devices, a practically sufficient display
quality can not be obtained. In the liquid crystal display
devices of Samples B31 to B33 using an antiglare layer
having a haze value equal to or greater than 40, the gray
level inversion phenomenon was suppressed even in the
normal viewing direction, thereby exhibiting a desirable
viewing angle characteristic.

[0142] Table 13 below shows the results of a measurement
of chromaticity value for Samples B31 to B33 and Refer-
ence Sample B401. The chromaticity values were measured
with the apparatus mentioned above.

TABLE 13
Sample B31 B32 B33 B401
X 0.3606 03578 03504 0.369
y 0.3656 03649 03561 03710
[0143] As can be seen from Table 13, Samples B31 to B33

have chromaticity values x and y smaller than those of
Reference Sample B401by 0.0090 or more and 0.0054 or
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more, respectively, indicating that the yellowish coloring is
suppressed for these samples. Various studies have revealed
that the coloring phenomenon can be suppressed by employ-
ing an internal scattering layer which is obtained by dis-
persing particles having a scattering center in a matrix, with
the refractive index of the particles being different from that
of the matrix.

[0144] The dependence of the applied voltage versus
transmittance characteristics on the inclination angle 6 (see
FIG. 2) was examined using the liquid crystal display
devices 100 having respective antiglare layers whose haze
values were equal to or greater than 15 and equal to or
greater than 40, respectively. The dependence was examined
while changing the inclination angle 8 (see FIG. 2) of the
index ellipsoid of the phase compensation plates 2 and 3 of
each liquid crystal display device 100. As a result, it was
found that when the inclination angle 8 is in the range of
15°875, the optical compensation effect of the phase com-
pensation plates 2 and 3 on the liquid crystal layer 8 can be
reliably obtained, whereby it is possible to realize a liquid
crystal display device having a wide viewing angle. In
contrast, with a phase compensation plate in which the
inclination angle was less than 15° or greater than 75°, the
viewing angle could not be widened, and a sufficient view-
ing angle characteristic could not be obtained. It was found
that with a phase compensation plate in which the inclina-
tion angle was less than 15° or greater than 75°, the viewing
angle was narrow particularly in the counter normal viewing
direction.

[0145] The influence of the second retardation value,
(na-nb)xd, on the viewing angle characteristic was exam-
ined while changing the second retardation value of the
phase compensation plates 2 and 3 of the liquid crystal
display device 100. As a result, it was found that when the
value is equal to or greater than 80 nm and less than or equal
to 250 nm, the optical compensation effect of the phase
compensation plates 2 and 3 on the liquid crystal layer 8 can
be reliably obtained, whereby it is possible to realize a liquid
crystal display device having a wide viewing angle. In
contrast, it was found that with a phase compensation plate
in which the second retardation value (na-nb)xd was less
than 80 nm or greater than 250 nm, the viewing angle was
narrow particularly in the horizontal directions.

[0146] While two phase compensation plates 2 and 3 are
provided on opposing sides of the liquid crystal cell 1 in the
embodiments described above, it is possible to obtain a
viewing angle characteristic as described above even when
only one of the phase compensation plates 2 and 3 is
provided on one side of the liquid crystal cell 1. However,
if only one phase compensation plate is used, the viewing
angle characteristic in the horizontal direction may be asym-
metric, though the viewing angle characteristic in the ver-
tical direction is improved in a well-balanced manner. In
contrast, when two phase compensation plates are provided,
the viewing angle characteristic in the vertical direction is
improved as much as when only one phase compensation
plate is used, while the viewing angle characteristic in the
horizontal direction is symmetric, thereby improving the
viewing angle characteristic both in the horizontal direction
and in the vertical direction. Where two phase compensation
plates are provided, the phase compensation plates may
alternatively be provided on the same side of the liquid
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crystal cell 1 on top of each other. Alternatively, three or
more phase compensation plates may be used.

[0147] The phase compensation element capable of pro-
viding the effect of the present invention is not limited to any
particular phase compensation element illustrated in the
embodiments described above. While a phase compensation
element suitable for use with a liquid crystal layer having a
positive uniaxial optical anisotropy (TN or STN mode) is
described in the embodiments described above, any other
phase compensation element may be selected according to
the display mode of the liquid crystal display device to be
employed so that the vertical angle dependence can be
compensated for by the phase compensation element. For
example, a phase compensation element in which the prin-
cipal axis of the index ellipsoid is substantially parallel to the
direction normal to the surface of the phase compensation
element may be used. The phase compensation element
capable of providing the effect of the present invention is not
limited to a phase compensation element having a negative
uniaxial optical anisotropy. Alternatively, a phase compen-
sation element having a positive optical anisotropy, or a
phase compensation element having a biaxial optical anisot-
ropy may alternatively be used.

[0148] Moreover, the present invention is not limited to
the TN mode or the STN mode, and can alternatively be used
with any display mode in which an ON/OFF display opera-
tion is performed utilizing the electro-optical characteristics
of a liquid crystal material.

[0149] As described above, the present invention provides
a liquid crystal display device capable of displaying an
image with a wide viewing angle and a desirable color
reproducibility.

[0150] By providing an antiglare layer on the viewer side
of a liquid crystal display device, and setting the specular
reflection characteristic and the specular transmission char-
acteristic of the antiglare layer in a desired range, it is
possible to suppress the occurrence of coloring (yellowish
coloring or bluish coloring) as viewed from an inclined
direction, which is characteristic of an arrangement using a
phase compensation plate, while suppressing the interobject
reflection of reflected light and maintaining the clarity of an
image formed by light transmitted in the normal direction at
a high level. As a result, it is possible to realize a liquid
crystal display device capable of displaying an image with
a wide viewing angle and a high quality, and with no image
coloring being observed in any direction.

[0151] While the present invention has been described in
a preferred embodiment, it will be apparent to those skilled
in the art that the disclosed invention may be modified in
numerous ways and may assume many embodiments other
than that specifically set out and described above. Accord-
ingly, it is intended by the appended claims to cover all
modifications of the invention that fall within the true spirit
and scope of the invention.

1-19. (canceled)
20. A liquid crystal display device Which utilizes at least
light from backlight to display images, comprising:

a liquid crystal cell, the liquid crystal cell including a pair
of substrates and a liquid crystal layer provided
between the pair of substrates, liquid crystal cell receiv-
ing light from the backlight;
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apair of polarizers provided so as to oppose each other via
the liquid crystal cell therebetween;

a phase compensation element provided between the
liquid crystal cell and at least one of the pair of
polarizers; and

an antiglare layer provided on a viewer side of one of the
pair of polarizers which is provided closer to a viewer,

wherein the antiglare layer has an internal scattering layer
and a scattering surface, and

wherein a haze value of the antiglare layer is equal to or
greater than 15 and a value of transmitted image clarity
of the antiglare layer is equal to or greater than 15 as
measured with an image clarity meter in which a width
of an optical comb is 0.5 mm.

21. The liquid crystal display device of claim 20, wherein
the phase compensation element having a negative uniaxial
optical anisotropy.

22. The liquid crystal display device of claim 21, wherein
the phase compensation element has an index ellipsoid
which has three principal axes, a-axis, b-axis and c-axis,
which are orthogonal to one another and three principal
refractive indices, na, nb and nc, and wherein na>nb, nc>nb,
a-axis is substantially parallel to a layer plane of the liquid
crystal layer, and b-axis is inclined with respect to a layer
normal of the liquid crystal layer.

13
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23. The liquid crystal display device of claim 20, wherein
the internal scattering layer includes a polymer matrix and
particles dispersed in the polymer matrix, and a refractive
index of the particles and a refractive index of the polymer
matrix are different from each other.

24. The liquid crystal display device of claim 20, wherein
a refractive index anisotropy An(530) of a liquid crystal
material of the liquid crystal layer for light having a wave-
length of 550 nm is in a range of 0.060<An(550)<0.120.

25. The liquid crystal display device of claim 22, wherein
the phase compensation element is arranged so that b-axis
forms an angle in a range of 15° to 75° with respect to a layer
normal of the liquid crystal layer.

26. The liquid crystal display device of claim 22, wherein
(na-nb)xd is in a range of 80 nm to 250 nm, where d denotes
a thickness of the phase compensation element in a layer
normal direction of the liquid crystal layer.

27. The liquid crystal display device of claim 20, wherein
the phase compensation element comprises a discotic liquid
crystal material in an inclined or hybrid orientation held in
a matrix obtained by cross-linking a transparent organic
polymer.

28. The liquid crystal display device of claim 20, wherein
the liquid crystal layer is a twist orientation liquid crystal
layer.



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHRE
CPCHH%E

L 5E4X

S\EReERE

E)

RERARM—FEE

RBEREKE

US20060274246A1

US11/503261

EEHRA 4

EEHMAau

EEHRA a4

INOUE IICHIROU
YAMAHARA MOTOHIRO

INOUE, IICHIROU
YAMAHARA, MOTOHIRO

patsnap

G02F1/1335 G02B5/02 G02B5/30 G02F1/13363 GO9F9/00

G02F1/13363 G02F1/133502

2000393483 2000-12-25 JP
2000100036 2000-03-31 JP

Espacenet

EREARAANSEXBIMNEGNREER
KB, RRETREQERSBLET  REMBTHB KRR ETTRILE
M mIRER , REERS L TNED — Mrikas < BB IME TH
BRREEE ENHRE, RRFONRENRESERIINEE,

AT () B 2006-12-07
%A 2006-08-14
|7 o
| g
- 1016
N é,\ N\ N xH
Driving 1] Q: g N Sﬂ 0
Q) o
circuit % % % ™15
SRV
L IVAARRARARKRRANRAY }\\4/14
‘\_/flg 7
~1!



https://share-analytics.zhihuiya.com/view/366aa96f-e786-408c-9b1b-201ee7d6fe0b
https://worldwide.espacenet.com/patent/search/family/026589302/publication/US2006274246A1?q=US2006274246A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060274246%22.PGNR.&OS=DN/20060274246&RS=DN/20060274246

