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(7) ABSTRACT

The present invention provides a liquid crystal display
method capable of, when a screen thereof is observed
through a polarizer such as sunglasses, ensuring an excellent
visibility regardless of the angle of observation. In a liquid
crystal display device at least having a backlight light
source, a liquid crystal cell, and a polarizer disposed on a
viewing side of the liquid crystal cell, a white light-emitting
diode is used as the backlight light source; and a polymer
film having a retardation of from 3,000 nm to 30,000 nm is
used so as to be disposed on the viewing side of the polarizer
so that an angle between an absorption axis of the polarizer
and a slow axis of the polymer film becomes about 45
degrees.
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METHOD FOR IMPROVING VISIBILITY OF
LIQUID CRYSTAL DISPLAY DEVICE, AND
LIQUID CRYSTAL DISPLAY DEVICE USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is a continuation of co-
pending U.S. patent application Ser. No. 13/509,211, filed on
May 10, 2012, which is the U.S. national phase of Interna-
tional Patent Application No. PCT/TP2010/057956, filed
May 11, 2010, which claims the benefit of Japanese Patent
Application No. 2009-259054, filed Nov. 12, 2009, which
are incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] The present invention relates to a method of
improving the visibility of a liquid crystal display device, the
method capable of, when the screen of the liquid crystal
display device is observed through a polarizer such as
sunglasses, ensuring excellent visibility regardless of the
angle of observation, and the present invention also relates
to a liquid crystal display device using the same.

BACKGROUND ART

[0003] In recent years, liquid crystal display devices
(LCDs) have expanded applications, and LCDs are applied
even to various displays used outdoors. The applications of
LCDs have been expanded, for example, to instrument
panels of automobiles, ships, and airplanes; mobile devices
such as automobile-mounted navigation systems, digital
cameras, mobile phones, and personal computers; and digi-
tal signages used in buildings, supermarkets, and other
facilities.

[0004] An LCD performs display by causing a liquid
crystal panel, in which a liquid crystal cell is sandwiched
between two polarizers, to transmit or block the light from
outside or the light generated by a light source such as
frontlight or backlight. As the backlight light source, it is
ordinary to use fluorescent tubes such as cold-cathode tubes
or hot-cathode tubes. The spectral distribution of fluorescent
tubes such as cold-cathode tubes or hot-cathode tubes shows
an emission spectrum having two or more peaks. The
combination of colors in such a discontinuous emission
spectrum provides a white light source. Meanwhile, the
applications of light-emitting diodes, which consume low
powet, have been studied in view of energy conservation. In
particular, white light-emitting diodes (white LEDs) have a
more continuous and wider emission spectrum than that of
fluorescent tubes, and also have an excellent luminous
efficiency.

[0005] Incidentally, there is a case where, in an environ-
ment such as outdoors in the strong sunlight, an observer
views an LCD while wearing sunglasses having polarization
properties to eliminate the glare. In this case, the observer
views, through polarizers, linearly polarized light emitted
from the LCD. Therefore, the screen camnot be viewed
depending on the angle between the absorption axis of a
polarizer included in the LCD and the absorption axis of a
polarizer such as sunglasses.

[0006] To solve the above problem, for example, Patent
Document 1 proposes a method for performing depolariza-
tion by layering a retardation (one-quarter wavelength) film
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obliquely on the surface of an LCD to convert linearly
polarized light into circularly polarized light.

[0007] In addition, Patent Document 2 proposes the use of
a highly birefringent material, such as calcite or synthetic
quartz, as a depolarizing device to solve the above problem.
This solution makes use of the following properties: If a
highly birefringent material such as calcite or synthetic
quartz is inserted between crossed polarizers (i.e., crossed-
nicols), the light transmitted through the highly birefringent
material having a great retardation (e.g., a retardation of
higher than 100,000 nm) becomes light having various
wavelengths. Thus, the resulting light interferes with itself
due to the various wavelengths and presents white light.

PRIOR ART DOCUMENTS

[0008] Patent Document 1: Japanese Patent Laid-open
Publication No. 2005-352068
[0009] Patent Document 2: Japanese Patent Laid-open
Publication No. Hei 10-10522

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0010] However, even the retardation (one-quarter wave-
length) film merely achieves a phase difference of one-
quarter wavelength of light only in a specific wavelength
region, and there cannot have been obtained a material for
achieving a phase difference of one-quarter wavelength
uniformly over the wide visible-light region. Thus, the
method of Patent Document 1 cannot provide the effect of
sufficiently improving a visibility.

[0011] In addition, the method of Patent Document 2
requires the use of a highly birefringent material formed of
a special material such as calcite or synthetic quartz. This
complicates the structure of a liquid crystal display device,
and therefore, this makes it difficult to employ a structure
with a high degree of freedom for increasing the screen size
or reducing the weight. Thus, this method has little practi-
cality.

[0012] The present invention has been completed to solve
the above problem, and it is an object of the present
invention to provide a liquid crystal display device capable
of, when the screen thereof is observed through a polarizer
such as sunglasses, ensuring an excellent visibility to a high
degree regardless of the angle of observation.

Means for Solving the Problems

[0013] The present inventors have intensively studied to
attain the above object, and as a result, they have found that
the combined use of a specific backlight light source and a
polymer film having a specific retardation makes it possible
to solve the above problems, thereby leading to the comple-
tion of the present invention.

[0014] That is, the present invention includes the follow-
ing inventions set forth in (i) to (vi) below:

[0015] (i) A method for improving a visibility of a liquid
crystal display device at least comprising a backlight light
source, a liquid crystal cell, and a polarizer disposed on a
viewing side of the liquid crystal cell, which method com-
prises:

[0016] wusing a white light-emitting diode as the backlight
light source; and
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[0017] using a polymer film having a retardation of from
3,000 to 30,000 nm, which polymer film is disposed on the
viewing side of the polarizer so that an angle between an
absorption axis of the polarizer and a slow axis of the
polymer film becomes about 45 degrees.

[0018] (ii) The method for improving a visibility of a
liquid crystal display device as described above, wherein the
white light-emitting diode is a light-emitting device com-
prising a combination of an yttrium-aluminum-garnet yel-
low phosphor with a blue light-emitting diode using a
compound semiconductor.

[0019] (iii) The method for improving a visibility of a
liquid crystal display device as described above, wherein the
polymer film is an oriented polycarbonate film.

[0020] (iv) The method for improving a visibility of a
liquid crystal display device as described above, wherein the
polymer film is an oriented polyester film.

[0021] (v) Aliquid crystal display device using the method
for improving a visibility as described above.

[0022] (vi) A polymer film to be used in the method for
improving a visibility as described above.

Effects of the Invention

[0023] The method of the present invention efficiently
depolarizes linearly polarized light in a white light-emitting
diode light source having a continuous and wide emission
spectrum, and provides a spectrum approximated to that of
the light source. This makes it possible that even when the
screen of a liquid crystal display is observed through a
polarizer such as sunglasses, an excellent visibility is
ensured regardless of the angle of observation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0025] FIG. 1 shows the interference colors of a polycar-
bonate film, which were observed using a white LED light
source.

[0026] FIG. 2 shows the interference color chart for the
polycarbonate film, which was calculated using the emission
spectrum of the white LED light source.

[0027] FIG. 3 shows the calculation results of the emission
spectrum of the white LED light source, and the spectrum of
the light transmitted through crossed nicols when Re=8,000
nm.

[0028] FIG. 4 shows the images obtained when the screen
of a liquid crystal display obtained by the method of the
present invention was observed through sunglasses.

[0029] FIG. 5 shows the calculation results of the emission
spectrum of cold-cathode tubes of the prior art, and the
spectrum of the light transmitted through the crossed nicols
when Re=8,000 nm.

[0030] FIG. 6 shows the interference color chart for the
polycarbonate film, which was calculated using the emission
spectrum of the cold-cathode tubes of the prior art.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0031] In general, a liquid crystal panel comprises a back
module, a liquid crystal cell, and a front module in order,
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starting from the side opposing a backlight source to the side
on which an image is displayed (i.e., to the viewing side).
The back module and the front module each ordinarily
include a transparent substrate, a transparent conductive film
formed on the surface of the transparent substrate on the
liquid crystal cell side, and a polarizer disposed on the
opposite side. In this regard, the polarizer in the back module
is disposed on the side opposing the backlight source, and
the polarizer in the front module is disposed on the side on
which an image is displayed (i.e., on the viewing side).
[0032] The liquid crystal display device (LCD) of the
present invention comprises, as components, at least a
backlight source, a liquid crystal cell, and a polarizer dis-
posed on the viewing side of the liquid crystal cell. As
described above, it is ordinary that a liquid crystal cell is
disposed between two polarizers, i.e., one on the backlight
source side and the other on the viewing side. Therefore,
another polarizer may also be disposed on the liquid crystal
cell on the side opposite to the viewing side. Furthermore,
the liquid crystal display device (LCD) may appropriately
comprise other components, in addition to the above com-
ponents, such as a color filter, a lens film, an optical diffusion
sheet, and an antireflection film.

[0033] Inthe present invention, it is necessary to use white
light-emitting diodes (white LEDs) as the backlight source
of the liquid crystal display device (LCD). The white LEDs
refer to phosphor-based devices, that is, devices that emit
white light by the combined use of phosphors with light-
emitting diodes using compound semiconductors to emit
blue light or ultraviolet light. Among these devices, in
particular, white light-emitting diodes comprising light-
emitting devices obtained by the combined use of yttrium-
aluminum-garnet yellow phosphors with blue light-emitting
diodes using compound semiconductors are suitable as the
backlight source of the present invention. This is because the
white light-emitting diodes have a continuous and wide
emission spectrum and also have an excellent luminous
efficiency. Furthermore, the method of the present invention
enables a wide range of the applications of white LEDs,
which consume low power, and therefore, it can also attain
the effect of energy conservation.

[0034] In this connection, a method including the com-
bined use of red-emitting, green-emitting, and blue-emitting
LEDs as a white light source has also been put to practical
use. This method, however, is not preferred, because it
provides a narrow and discontinuous emission spectrum,
and therefore, it is expected to become difficult to obtain a
desired effect of the present invention.

[0035] In addition, the present invention cannot use fluo-
rescent tubes such as cold-cathode tubes or hot-cathode
tubes either, which have hitherto been widely used as
backlight sources. This is because the emission spectrum of
each of these light sources is a discontinuous emission
spectrum having peaks at specific wavelengths. Therefore,
to produce white light by interference colors from such an
emission spectrum, it is necessary to use a special inorganic
material having a retardation of higher than 100,000 nm.
This significantly restricts the design of liquid crystal dis-
play devices.

[0036] In the present invention, it is characterized that a
polymer film having a specific range of retardation is
disposed on the viewing side of the polarizer. The present
inventors have obtained the idea of the present invention by
focusing on the envelope curve shape of the interference
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color spectrum of the light transmitted through a birefringent
material. That is, the present inventors have found that a
visibility is significantly improved when the shape of the
emission spectrum of a light source becomes similar to the
envelope curve shape of the interference color spectrum of
the light transmitted through a birefringent material, thereby
leading to the completion of the present invention. More
specifically, the effect of improving a visibility with the
constituent features of the present invention is based on the
following technical idea.

[0037] If a polymer film having birefringent properties is
disposed between two mutually orthogonal polarizers, light
is transmitted in such a manner that linearly polarized light
emitted from the polarizers is disturbed when passing
through the polymer film. The transmitted light shows an
interference color specific to the retardation of the polymer
film, which is the product of the birefringence and the
thickness thereof. The present invention employs white
LEDs having a continuous emission spectrum as the light
source. This makes it possible to approximate the envelope
curve shape of the spectrum of transmitted light, showing an
interference color, to the emission spectrum of the light
source by controlling the retardation in a specific range
achievable also with a polymer film. The present invention
has thus led to an improvement in visibility (see FIG. 3).
[0038] To attain the above effect, the polymer film used in
the present invention needs to have a retardation of from
3,000 to 30,000 nm. If the retardation is lower than 3,000
nm, a strong interference color is presented when the screen
is observed through a polarizer such as sunglasses. This
makes the envelope curve shape dissimilar to the emission
spectrum of the light source, and therefore, it is not possible
to ensure an excellent visibility. The lower limit of the
retardation may preferably be 4,500 nm, more preferably
6,000 nm, still more preferably 8,000 nm, and further still
more preferably 10,000 nm.

[0039] On the other hand, the upper limit of the retardation
is 30,000 nm. A polymer film having a retardation of higher
than 30,000 nm is not preferred. This is because the use of
such a polymer film cannot substantially attain the effect of
further improving a visibility, but also leads to a consider-
able increase in the thickness of the film. This reduces the
handling ability of the film as an industrial material.
[0040] In this connection, the retardation of the present
invention can be determined by measuring refractive indices
in two mutually orthogonal directions and thickness, or can
also be determined using a commercially available auto-
matic birefringence analyzer such as KOBRA-21ADH (Oji
Scientific Instruments).

[0041] Inthe present invention, white LEDs having a wide
emission spectrum are used as the light source. Therefore,
the adjustment of the retardation of a polymer film to the
above range makes it possible to approximate the envelope
curve shape of the spectrum of transmitted light to the
emission spectrum of the light source only with a relatively
simple structure. That is, in the case of a conventional
technique, the use of a light source having a discontinuous
emission spectrum requires the use of a birefringent material
having a very high retardation (e.g., higher than 100,000
nm) for an improvement in visibility. In contrast, the present
invention can attain a unique effect of improving a visibility
with a relatively simple structure as described above, mak-
ing use of the property of a white LED light source having
a continuous emission spectrum.
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[0042] The polymer film used in the present invention is
disposed on the viewing side of the polarizer, which is
disposed on the viewing side of the liquid crystal cell, so that
an angle between the absorption axis of the polarizer and the
slow axis of the polymer film becomes about 45 degrees.
The method of disposing the polymer film on the viewing
side of the polarizer may be performed by layering the
polymer film directly on the outermost layer of the polarizer,
or may be performed by disposing the polymer film on the
polarizer via another transparent member. Alternatively, the
polymer film may be provided on and attached to the top
surface of the liquid crystal display device on the viewing
side. When the polymer film is disposed directly or via
another transparent member, the polymer film may prefer-
ably have a pressure-sensitive adhesive layer.

[0043] When the polymer film is disposed, it is desirable
that the angle between the absorption axis of the polarizer
and the slow axis of the polymer film should become about
45 degrees. This makes it possible to obtain highly trans-
mitted light, even if a polarizer such as sunglasses is at any
angle. In this connection, the above angle does not need to
be exactly 45 degrees, and may appropriately be adjusted, if
necessary, in the range where the effect of the present
invention is not impaired. The range of the angle may
preferably be from 30 to 60 degrees, and more preferably
from 40 to 50 degrees.

[0044] The material of the polymer film used in the
present invention is not particularly limited, but may be any
material. Examples of the material of the polymer film may
include polyesters such as polyethylene terephthalate and
polyethylene naphthalate, polycarbonates, polystyrenes,
polyether ether ketones, polyphenylene sulfides, and
cycloolefin polymers. Among these, examples of the par-
ticularly preferred material may include polycarbonates and
polyesters. The resins of these materials have excellent
transparencies and also have excellent thermal and mechani-
cal properties. This makes it possible to easily control the
retardations of the resins by stretching. In particular, poly-
esters typified by polyethylene terephthalate are the most
suitable materials, because they have high intrinsic birefrin-
gences, and therefore, they can relatively easily provide a
great retardation, even if the thickness of the film is small.

[0045] Next, the polymer film of the present invention has
specific birefringent properties, and therefore, it is desirable
that the polymer film should be an oriented film. The method
of producing the oriented film, however, is not particularly
limited, so long as the film properties defined in the present
invention are satisfied.

[0046] In the case of a polycarbonate film, an oriented
polycarbonate film having a specific retardation can be
obtained by stretching a non-oriented sheet in one direction
(or in two directions, if necessary) at a temperature equal to
or higher than the glass transition temperature thereof,
which non-oriented sheet is obtained by melting polycar-
bonate and extruding the melted polycarbonate into a sheet.
Suitable examples of the non-oriented polycarbonate sheet
may also include commercially available ones and those
which are produced by solution film formation.

[0047] Alternatively, in the case of a polyester film, as an
example, a method is performed, in which a non-oriented
polyester is stretched in the transverse direction by a tenter
at a temperature equal to or higher than the glass transition
temperature thereof, which non-oriented polyester is
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obtained by melting a polyester and extruding the melted
polyester into a sheet, followed by heat treatment.

[0048] More specifically, the temperature for stretching in
the transverse direction may preferably be from 80° C. to
130° C., and particularly preferably from 90° C. to 120° C.
Furthermore, the stretch ratio for stretching in the transverse
direction may preferably be from 2.5 to 6.0, and particularly
preferably from 3.0 to 5.5. If the stretch ratio is too high, the
transparency of the film to be obtained is likely to decrease.
On the other hand, it is not preferred that the stretch ratio
should be too low. This is because the stretch tension also
decreases, and therefore, the birefringence of the film to be
obtained decreases, which reduces the retardation. In the
subsequent heat treatment, the treatment temperature may
preferably be from 100° C. to 250° C., and particularly
preferably from 180° C. to 245° C.

[0049] It is possible to control the retardation of the
polymer film in a specific range by appropriately setting the
stretch ratio, the stretch temperature, and the thickness of the
polymer film. For example, the higher the stretch ratio, or
the lower the stretch temperature, or the greater the thickness
of the film, the more likely a great retardation is obtained. In
contrast, the lower the stretch ratio, or the higher the stretch
temperature, or the smaller the thickness of the film, the
more likely a small retardation is obtained.

[0050] The polymer film of the present invention may be
subjected to surface treatments, i.e., corona discharge treat-
ment (e.g., in air, nitrogen, or carbon dioxide gas) and
adhesion facilitating treatment, by known methods, for the
purpose of improving water resistance, chemical resistance,
and adhesiveness between the film and a layer to be formed
thereon, such as an adhesive layer, a release layer, and an
antistatic layer. The adhesion facilitating treatment may be
performed by various known methods. For example, a
method may suitably be employed of applying one of
various known adhesion facilitating agents to the film during
the production process thereof, or to the film that has been
uniaxially or biaxially stretched.

[0051] The polymer film used in the present invention may
have any thickness, but may preferably have a thickness in
the range of from 25 to 500 pm. Even a film having a
thickness of lower than 25 um can, in principle, provide a
retardation of 3,000 nm or higher. In this case, however, the
mechanical properties of the film become significantly
anisotropic. This causes the film to, for example, tear or
break, which significantly reduces the practicality of the film
as an industrial material. The lower limit of the thickness
may particularly preferably be 35 um. On the other hand, the
film having a thickness of higher than 500 pm is not
preferred, because such a film is very rigid, which reduces
flexibility inherent to a polymer film. This again reduces the
practicality of the film as an industrial material. The upper
limit of the film thickness may particularly preferably be 350
pm.

EXAMPLES

[0052] The present invention will hereinafter be described
more specifically by way of Examples, but the present
invention is not limited to the Examples described below.
The present invention can be put into practice after appro-
priate modifications or variations within a range meeting the
gist of the present invention, all of which are included in the
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technical scope of the present invention. In the following
Examples, the methods for the evaluation of physical prop-
erties are as follows:

[0053] <Retardation>

[0054] A retardation is a parameter defined by the product
(ANxd) of the anisotropy (AN=INx-Nyl) of the refractive
indices in two mutually orthogonal directions on a film and
the film thickness d (nm), and is a scale indicating optical
isotropy or anisotropy. The anisotropy (AN) of refractive
indices in two directions is obtained by the following
method. The directions of orientation axes of a film were
determined using two polarizers, and the film was cut into a
rectangle of 4 cmx2 cm so that the directions of orientation
axes are mutually orthogonal. The cut piece was used as a
sample for measurement. The sample was measured for the
refractive indices (Nx and Ny) in two mutually orthogonal
directions and the refractive index (Nz) in the thickness
direction by the use of an Abbe refractometer (NAR-4T
available from ATAGO Co., Ltd.). Then, the absolute value
(INx-Nyl) of the difference between the refractive indices in
two directions was defined as the anisotropy (AN) of the
refractive indices. The film thickness d (nm) was measured
using an electric micrometer (Millitron 1245D available
from Feinpruf GmbH), and was converted to the unit of nm.
The retardation (Re) was determined by the product (ANxd)
of the anisotropy (AN) of the refractive indices and the film
thickness d (nm). In this connection, of the orientation axes,
the axis indicating the greater refractive index is defined as
a slow axis.

Experimental Example 1

[0055] The following shows an example in which a poly-
carbonate film was used as the polymer film.

[0056] A polymer solution was prepared by dissolving
polycarbonate (available from Aldrich Chemical Co.) into
methylene chloride four times by weight. The polymer
solution was spread on a flat and smooth glass plate with a
knife coater, and was left at room temperature, and the
solvent was dried. Then, the polycarbonate sheet was peeled
from the glass plate, and was dried at 90° C. in a low-
pressure dryer for 24 hours. A sample was cut into a
dumbbell shape from the polycarbonate sheet obtained. The
cut sheet sample was heated to a temperature of about 160°
C. and uniaxially stretched using a tensilon (available from
Orientec Co., Ltd.). The stretch ratio and the stretch rate
during the stretching were adjusted, thereby obtaining an
oriented polycarbonate film having a desired retardation.
[0057] The interference color of the oriented polycarbon-
ate film obtained was observed. As a light source, white
light-emitting diodes (NSPW500CS available from Nichia
Corporation) were used, which included light-emitting
devices obtained by the combined use of yttrium-aluminum-
garnet yellow phosphors with blue light-emitting diodes.
[0058] FIG. 1 shows the relationship between the retarda-
tion and the interference color of the oriented polycarbonate
film, which relationship was actually measured as described
above.

[0059] Next, the interference color chart for the oriented
polycarbonate film was prepared by simulation.

[0060] In the case where a birefringent material is dis-
posed in a diagonal position between crossed nicols and a
white light source is used as a backlight, if the light
transmitted through the crossed nicols is defined as an
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interference color, the transmittance of the light is repre-
sented by the following formula (1):

i =Yasin(-Re/\) o)

where I, indicates the intensity of the light incident on the
crossed nicols; 1 indicates the intensity of the light trans-
mitted through the crossed nicols; and Re indicates the
retardation of the birefringent material. The transmittance
(I/1,) thus changes depending on the retardation and the
wavelength of the light, and therefore, an interference color
specific to the value of the retardation is observed.

[0061] However, the refractive indices of a polymer mate-
rial (particularly in the short-wavelength region of visible
light) have great wavelength-dispersive properties. Such
wavelength-dispersive properties may vary depending on
the polymer material. If the birefringence has wavelength
dependence, the birefringence changes depending on the
wavelength. Thus, when the above formula (1) was applied
to oriented polycarbonate, the following formula (2) was
applied in the experimental example, taking into consider-
ation wavelength-dispersive properties inherent to polycar-
bonate.

UI=Yersin® (@ f(N)Relh) o)

where f(}) is a function representing the wavelength-dis-
persive properties of the birefringence.

[0062] Based on the above formula (2), a program was
prepared for calculating an interference color, taking into
consideration the wavelength-dispersive properties of the
birefringence of the oriented polycarbonate film, and an
interference color chart was prepared, which represented the
relationship between the retardation and the interference
color. FIG. 2 shows the interference color chart for the
oriented polycarbonate film, which was calculated using the
emission spectrum of the white light-emitting diodes as
shown in FIG. 1. From FIGS. 1 and 2, colors coincided with
each other between the actual measurements and the simu-
lation. Thus, it was understood that a change in the inter-
ference color decreased significantly when retardation (Re)
23,000 nm, and the interference color was almost constant
when Rezabout 8,000 nm.

[0063] In addition, FIG. 3 shows the spectrum of the light
transmitted through the crossed nicols when Re=8,000 nm.
In FIG. 3, P()) is the emission spectrum of the light source
(white LEDs), and T()) is the spectrum of the transmitted
light. The envelope curve shape of the spectrum of the
transmitted light was similar to, and preserved, the shape of
the emission spectrum of the light source. Thus, it was
revealed that the constant interference color of the oriented
polycarbonate film was effectively formed from the emis-
sion spectrum of the light source. Furthermore, it was
confirmed that the intensity of the transmitted light was a
quarter of the intensity of the light source.

[0064] FIG. 4 shows the state where the oriented polycar-
bonate film (Re=9,087 nm) obtained by the above method
was placed on a liquid crystal display (having a structure in
which a liquid crystal cell was sandwiched between two
polarizers) that employed, as a backlight source, white LEDs
(NSPW500CS available from Nichia Corporation) having

Jan. 3, 2019

light-emitting devices obtained by the combined use of
yttrium-aluminum-garnet yellow phosphors with blue light-
emitting diodes, and the screen of the liquid crystal display
was viewed through polarized sunglasses. It was possible to
view displayed colors as unchanged regardless of the angle
between the liquid crystal display and the polarizer, i.e., the
polarized sunglasses. Thus, it was confirmed that the pro-
duced film was able to be used as a device for improving the
visibility of a liquid crystal display that employed white
LEDs as a backlight source.

[0065] In this connection, FIG. 5 shows the emission
spectrum of ordinary, prior art cold-cathode tubes, and the
spectrum of the light transmitted through the crossed nicols
when Re=8,000 nm. In FIG. 5, P(A) is the emission spectrum
of the light source, and T(\) is the spectrum of the trans-
mitted light. The spectrum of the transmitted light did not
preserve the shape of the emission spectrum of the light
source. Thus, it was implied that the transmitted light
presented a color different from that of the light source.
[0066] In addition, FIG. 6 shows the interference color
chart for the oriented polycarbonate film, which was calcu-
lated using the emission spectrum of the prior art cold-
cathode tubes as shown in FIG. 5. From comparison
between FIGS. 5 and 2, it was understood that a change in
the interference color relative to the retardation greatly
varied depending on the spectrum of the light source, and
therefore, the effect of improving a visibility according to
the present invention was not able to be obtained when
cold-cathode tubes were used as a backlight source.

Experimental Example 2

[0067] The following will show an example in which an
oriented polyethylene terephthalate (PET) film was used as
the polymer film.

[0068] First, 1,000 parts of dimethyl terephthalate, 700
parts of ethylene glycol, and 0.16 parts of manganese acetate
tetrahydrate were put in a transesterification reaction vessel,
transesterification reaction was performed at a temperature
of from 120° C. to 210° C., and the generated methanol was
distilled off. When the transesterification reaction was com-
pleted, 0.13 parts of antimony trioxide and 0.017 parts of
orthophosphoric acid were added, and the pressure in the
system was gradually reduced to 133 Pa for 75 minutes.
Simultaneously, the temperature was gradually increased to
280° C. Under these conditions, polycondensation reaction
was performed for 70 minutes, and the melted polymer was
extruded into water through a discharge nozzle, thereby
obtaining a PET resin having an intrinsic viscosity of 0.62
dl/g.

[0069] An unstretched film was produced by extruding the
PET resin having an intrinsic viscosity of 0.62 dl/g onto a
water-cooled rotary quenching drum through a film-forming
die. The unstretched film was stretched 4.0 times in the
transverse direction at 100° C., and then thermally fixed at
150° C., and further relaxed by 3% in the width direction
while being cooled from 130° C. to 100° C., thereby
obtaining an oriented PET film having a thickness of 38 pm
(PET film 1).
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[0070] In addition, an oriented PET film having a thick-
ness of 200 um (PET film 2) was obtained using a method
similar to that of PET film 1 and changing the thickness of
the unstretched film.

[0071] An unstretched film produced using a method
similar to that of PET film 1 was heated to 105° C. using
heated rolls and an infrared heater, and then stretched 3.4
times in the machine direction (i.e., in the running direction)
by rolls different from each other in peripheral speed,
thereby obtaining an oriented PET film having a thickness of
700 um (PET film 3).

[0072] Table 1 shows the properties of the oriented PET
films obtained by the above methods. Furthermore, Table 2
shows the state where each of the films was placed on a
liquid crystal display device (having the structure where a
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liquid crystal cell was sandwiched between two polarizers)
that employed, as a light source, white LEDs (NSPW500CS
available from Nichia Corporation) having light-emitting
devices obtained by the combined use of yttrium-aluminum-
garnet yellow phosphors with blue light-emitting diodes,
and each of the films was also placed on a liquid crystal
display device (having the structure where a liquid crystal
cell was sandwiched between two polarizers) that employed
cold-cathode tubes as a backlight source, and the screen of
each liquid crystal display device was viewed through
sunglasses.

[0073] From the above results, it was understood that each
of the produced films was able to provide the effect of
improving a visibility when white LEDs were used as the
backlight source, but was not able to provide the effect of
improving a visibility when cold-cathode tubes were used as
the backlight source.

TABLE 1
Thickness Retardation
(um) Nx Ny Nz An (nm)
PET film 1 38 1.5874 1.6854 15209  0.0980 3,724
PET film 2 200 1.5902 1.6978 1.5147  0.1076 21,520
PET film 3 700 1.6463 1.5831 1.5574  0.0630 44,100
TABLE 2
Visibility of liquid crystal display devices
Thickness Retardation LCD using white LEDs LCD using cold-cathode tubes
(um) (nm) as light source as light source
PET film 1 38 3,724  Interference color was slightly Different interference colors were
seen depending on direction of seen depending on direction of
sunglasses, but display screen was sunglasses. Irregularities of color
uniform and visibility having no  and brightness derived from
problems for practical use was irregularities of retardation of film
obtained. were also observed in display
screen.

PET film 1 76 7,448  Visibility was excellent. Different interference colors were

(used as seen depending on direction of

two-ply sunglasses. Irregularities of color

film) and brightness in screen were
slightly decreased, probably
because irregularities were
compensated by two films.

PET film 2 200 21,520 Visibility was very excellent. Gentle Moire fringes derived from
irregularities of retardation of film
were observed in screen. Shading
of Moire fringes was changed by
direction of sunglasses.

PET film 3 700 44,100 Visibility was very excellent, but ~ Many wood-grain Moire fringes

film was rigid and handling ability derived from irregularities of
Was poor. retardation of film were observed
in screen, and visibility was very

poor.
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INDUSTRIAL APPLICABILITY

[0074] The method for improving the visibility of a liquid
crystal display according to the present invention can pref-
erably be applied to liquid crystal display devices used
outdoors, for example, instrument panels of automobiles,
ships, and airplanes; mobile devices such as automobile-
mounted navigation systems, digital cameras, mobile
phones, and personal computers; and digital signages used
in buildings, supermarkets, and other facilities.

1. A method for improving a visibility of a liquid crystal
display device at least comprising a backlight light source,
a liquid crystal cell, and a polarizer disposed on a viewing
side of the liquid crystal cell, which method comprises:

using a white light-emitting diode as the backlight light

source; and

using a polymer film having a retardation of from 3,000

nm to 30,000 nm, which polymer film is disposed on
the viewing side of the polarizer so that an angle
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between an absorption axis of the polarizer and a slow
axis of the polymer film becomes about 45 degrees.

2. The method for improving a visibility of a liquid crystal
display device according to claim 1, wherein the white
light-emitting diode is a light-emitting device comprising a
combination of an yttrium-aluminum-garnet yellow phos-
phor with a blue light-emitting diode using a compound
semiconductor.

3. The method for improving a visibility of a liquid crystal
display device according to claim 1, wherein the polymer
film is an oriented polycarbonate film.

4. The method for improving a visibility of a liquid crystal
display device according to claim 1, wherein the polymer
film is an oriented polyester film.

5. A liquid crystal display device using a method for
improving a visibility according to claim 1.

6. A polymer film to be used in a method for improving
a visibility according to claim 1.
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