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(57) ABSTRACT

There is provided a display device exhibiting a good color
reproducibility, even when observed through polarized sun-
glasses. A display device comprises a polarizer a and an
optical film X on a surface on a light emitting surface side
of a display element, wherein L,, which is the light incident
vertically on the optical film X, among light incident on the
optical film X from the display element side, satisfies a
specific condition, and L.,, which is the light emitting
vertically from the light emitting surface side of the optical
film X, and passing through a polarizer b having the absorp-
tion axis parallel to the absorption axis of the polarizer a,
satisfies a specific condition.
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DISPLAY DEVICE AND METHOD FOR
SELECTING OPTICAL FILM OF DISPLAY
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device
and a method of selecting an optical film of the display
device.

BACKGROUND ART

[0002] In display devices represented by liquid crystal
display devices, the performance, such as luminance, reso-
Iution, and a color gamut, is rapidly progressing. Addition-
ally, in proportion to the progress in the performance,
display devices assuming the outdoor use, such as personal
digital assistants and car navigation systems, are increasing.
[0003] In environments such as an outdoor environment
with strong sunlight, there are cases where display devices
are observed through sunglasses (hereinafter referred to as
“the polarized sunglasses™) having a polarizing function in
order to reduce the glare.

[0004] When a display device includes a polarization
plate, there is a problem (hereinafter referred to as “the
blackout”) that a screen becomes dark and hard to see when
the absorption axis of polarization of the display device
becomes orthogonal to the absorption axis of polarization of
the polarized sunglasses.

[0005] In order to solve the above-mentioned problem, the
means of PTL1 has been proposed.

CITATION LIST

Patent Literature

[0006] PTL1:JP 2011-107198 A
SUMMARY OF INVENTION
Technical Problem
[0007] PTL1 is characterized by arranging a polymer film

having a 3000 to 30000 nm retardation at a specific angle on
the visual recognition side of a polarization plate in a liquid
crystal display device using a white light emitting diode
(white LED) as a backlight source. The problem of the
blackout can be solved by the means of PTL1.

[0008] Additionally, in PTL1, the interference color (rain-
bow unevenness) peculiar to a retardation value is prevented
in the liquid crystal display device using a white light
emitting diode (white LED) as a backlight source.

[0009] On the other hand, recently, in order to improve
luminance, resolution, a color gamut, etc., the light sources
and display elements of display devices have been diversi-
fied. For example, as the light source of the backlight of a
liquid crystal display device, a white LED, which is used in
PTL1, is widely used. However, recently, liquid crystal
display devices are beginning to be proposed that use a
quantum dot as the light source of the backlight. Addition-
ally, though the mainstream of the present display element
is a liquid crystal display element, the utilization of an
organic EL element is spreading recently.

[0010] When these recent display devices are observed
through the polarized sunglasses, even if the above-men-
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tioned problems (the blackout and the rainbow unevenness)
do not occur, another problem may take place in the color
reproducibility.

[0011] The present invention aims to provide a display
device having a good color reproducibility, and a method of
selecting an optical sheet of the display device.

Solution to Problem

[0012] In order to solve the above-mentioned problems,
the inventors focused on the difference between the liquid
crystal display device using the white LED, which was the
conventional mainstream, and the display device, which is
currently under development. As a result, it was found that,
compared with the liquid crystal display devices using white
LEDs, the recent display devices have a sharper optical
spectrum of RGB and a wider color gamut (the width of a
reproducible color), and that, due to the wide color gamut,
a problem tends to occur in the color reproducibility when
light passes through an optical film having a retardation and
the absorption axis of polarization.

[0013] Additionally, as a result of further study by the
inventors, it was found that, in the display devices having a
wide color gamut, the longer the wavelength becomes, the
color reproducibility problem is more likely to occur, and
that mere consideration of the optical spectrum of a light
source as in PTL1 cannot solve the problem, and it is
necessary to consider the optical spectrum of a display
element, which resulted in solving the above-mentioned
problems.

[0014] The present invention provides a display device
and a method of selecting an optical film of the display
device as follows.

[0015] [1] A display device including a polarizer a and an
optical film X on a surface on a light emitting surface side
of'a display element, and satisfying the condition 1-1 and the
condition 2-1 as follows:

<Condition 1-1>

[0016] Let L, represent the light incident vertically on the
optical film X, among light incident on the optical film X
from the display element side. The intensity of the L, is
measured every 1 nm. It is assumed that the blue wavelength
band range from 400 nm to less than 500 nm, the green
wavelength band range from 500 nm to less than 600 nm,
and the red wavelength band range from 600 nm to 780 nm.
Let B,,,. represent the maximum intensity of the blue
wavelength band of the L, G,,,, represent the maximum
intensity of the green wavelength band of the L;, and R, .
represent the maximum intensity of the red wavelength band
of the L,.

[0017] Let L Ay represent the wavelength showing the
B,,.wo 1A represent the wavelength showing the G, and
L, A, represent the wavelength showing the R,,, ..

[0018] Let +o represent the minimum wavelength show-
ing a % or less of the intensity of the B,, ., and located in
the plus direction side of L, Az, —a. represent the maximum
wavelength showing a %2 or less of the intensity of the G,,, .,
and located in the minus direction side of L A5 +0g
represent the minimum wavelength showing a 2 or less of
the intensity of the G,,,., and located in the plus direction
side of L, A, and —a, represent the maximum wavelength
showing a %2 or less of the intensity of the R, .., and located
in the minus direction side of L, A.

max?

Tnaxs
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[0019] L Az L Ag Lihg, +05, -0, +0s and —o, satisfy
the following relationships (1) to (4).
+0p<Lihe ®
Lihp<-ag ()]
+0e<Lihg 3
Lihg<-ag @

<Condition 2-1>

[0020] Let L, represent the light that emits vertically from
the light emitting surface side of the optical film X, and
passes through a polarizer b having the absorption axis
parallel to the absorption axis of the polarizer a. The
intensity of the L, is measured every 1 nm. The wavelength
at which the inclination of the optical spectrum of the L,
changes from negative to positive is assumed to be a bottom
wavelength, and the wavelength at which the inclination of
the optical spectrum of the L, switches from positive to
negative is assumed to be a peak wavelength.

[0021] Let —p, represent the maximum wavelength show-
ing a % or less of the intensity of the R, ., and located in
the minus direction side of LAz, and +3; represent the
minimum wavelength showing a %4 or less of the intensity
of the R,, ., and located in the plus direction side of L A,.
[0022] A wavelength band ranging from —f; to +f in the
range of 600 nm to 780 nm includes one or more bottom
wavelengths and one or more peak wavelengths.

[0023] A method of selecting an optical film of a display
device including a polarizer a and the optical film on a
surface on a light emitting surface side of a display element,
wherein, when incident light being incident on the optical
film satisfies the above condition 1-1, the optical film
satisfying the above condition 2-1 is selected.

Advantageous Effects of Invention

[0024] The display device of the present invention can
suppress the reduction of the color reproducibility when
observed through the polarized sunglasses. Additionally, the
method of selecting the optical film of the display device of
the present invention can efficiently select the optical film
that can suppress the reduction of the color reproducibility
when observed through the polarized sunglasses.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a cross-sectional view showing one
embodiment of a display device of the present invention.
[0026] FIG.2 is an example of an optical spectrum of light
(L,) incident on an optical film from the display element side
in a display device that includes a polarizer a and the optical
film on a three-color independent type organic EL display
element having a micro-cavity structure.

[0027] FIG. 3 is an example of an optical spectrum of light
(L,) incident on an optical film from the display element side
in a display device in which a display element is a liquid
crystal display element, a light source of a backlight is a cold
cathode fluorescent tube (CCFL), and that includes a polar-
izer a and the optical film on the display element.

[0028] FIG. 4 is an example of an optical spectrum of light
(L,) incident on an optical film from the display element side
in a display device in which a display element is a liquid
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crystal display element, a light source of a backlight is a
white LED, and that includes a polarizer a and the optical
film on the display element.

[0029] FIG. 5 is an example of an optical spectrum of light
(L,) incident on an optical film from the display element side
in a display device in which a display element is a liquid
crystal display element, a primary light source of a backlight
is ablue LED, a secondary light source is a quantum dot, and
that includes a polarizer a and the optical film on the display
element.

[0030] FIG. 6 is an example of an optical spectrum of light
(L,) that is emitted from an optical film of a display device
that includes a polarizer a and the optical film on a three-
color independent type organic EL display element having a
micro-cavity structure, and passes through a polarizer b
having the absorption axis parallel to the absorption axis of
the polarizer a.

[0031] FIG. 7 is an example of an optical spectrum of light
(L,) that is emitted from an optical film of a display device
in which a display element is a liquid crystal display
element, a light source of a backlight is a cold cathode
fluorescent tube (CCFL), and that includes a polarizer a and
the optical film on the liquid crystal display element, and
passes through a polarizer b having the absorption axis
parallel to the absorption axis of the polarizer a.

[0032] FIG. 8 is an example of an optical spectrum of light
(L,) that is emitted from an optical film of a display device
in which a display element is a liquid crystal display
element, a light source of a backlight is a white LED, and
that includes a polarizer a and the optical film on the liquid
crystal display element, and passes through a polarizer b
having the absorption axis parallel to the absorption axis of
the polarizer a.

[0033] FIG. 9 is an example of an optical spectrum of light
(L,) that is emitted from an optical film of a display device
in which a display element is a liquid crystal display
element, a primary light source of a backlight is a blue LED,
a secondary light source is a quantum dot, and that includes
a polarizer a and the optical film on the display element, and
passes through a polarizer b having the absorption axis
parallel to the absorption axis of the polarizer a.

[0034] FIG. 10 is a diagram in which the optical spectrum
of FIG. 2 and the optical spectrum of FIG. 6 are superim-
posed on each other.

[0035] FIG. 11 is a diagram in which the optical spectrum
of FIG. 3 and the optical spectrum of FIG. 7 are superim-
posed on each other.

[0036] FIG. 12 is a diagram in which the optical spectrum
of FIG. 4 and the optical spectrum of FIG. 8 are superim-
posed on each other.

[0037] FIG. 13 is a diagram in which the optical spectrum
of FIG. 5 and the optical spectrum of FIG. 9 are superim-
posed on each other.

[0038] FIG. 14 is another example of an optical spectrum
of light (L,) incident on an optical film from the display
element side in a display device in which a display element
is a liquid crystal display element, a primary light source of
a backlight is a blue LED, a secondary light source is a
quantum dot, and that includes a polarizer a and the optical
film on the display element.

DESCRIPTION OF EMBODIMENTS

[0039] Hereinafter, embodiments of the present invention
are described.



US 2019/0011620 Al

[Display Device]

[0040] A display device of the present invention includes
a polarizer a and an optical film X on a surface on the light
emitting surface side of a display element, and satisfies the
following conditions 1-1 and 2-1.

<Condition 1-1>

[0041] Let L, represent the light incident vertically on the
optical film X, among light incident on the optical film X
from the display element side. The intensity of the L, is
measured every 1 nm. It is assumed that the blue wavelength
band range from 400 nm to less than 500 nm, the green
wavelength band range from 500 nm to less than 600 nm,
and the red wavelength band range from 600 nm to 780 nm.
Let B,,,. represent the maximum intensity of the blue
wavelength band of the L,, G,,,. represent the maximum
intensity of the green wavelength band of the L, and R,,, .
represent the maximum intensity of the red wavelength band
of the L,.

[0042] Let L Ay represent the wavelength showing the
B, L1 represent the wavelength showing the G,,,,,,, and
L, A represent the wavelength showing the R,,, ...

[0043] Let +o, represent the minimum wavelength show-
ing a Y or less of the intensity of the B, ., and located in
the plus direction side of L; Az, —a represent the maximum
wavelength showing a %2 or less of the intensity of the G,,, .,
and located in the minus direction side of L A5 +0g
represent the minimum wavelength showing a 2 or less of
the intensity of the G,,,,, and located in the plus direction
side of LA, and —a, represent the maximum wavelength
showing a %4 or less of the intensity of the R, ., and located
in the minus direction side of L, Ap.

maxs

max?

[0044] L.rz L Ag L Az, +05 -0, +0; and —ay satisfy
the following relationships (1) to (4).
+ap<Lihe (6]
Lihg<-ag @
+0e<Lihg 3
Lihg<-ag @

<Condition 2-1>

[0045] Let L, represent the light that emits vertically from
the light emitting surface side of the optical film X, and
passes through a polarizer b having the absorption axis
parallel to the absorption axis of the polarizer a. The
intensity of the L, is measured every 1 nm. The wavelength
at which the inclination of the optical spectrum of the L,
changes from negative to positive is assumed to be a bottom
wavelength, and the wavelength at which the inclination of
the optical spectrum of the L, switches from positive to
negative is assumed to be a peak wavelength.

[0046] Let —f; represent the maximum wavelength show-
ing a % or less of the intensity of the R, ., and located in
the minus direction side of L;A,, and +PR represent the
minimum wavelength showing a %4 or less of the intensity
of the R,,,., and located in the plus direction side of L, A,.
[0047] A wavelength band ranging from —f to +; in the
range of 600 nm to 780 nm includes one or more bottom
wavelengths and one or more peak wavelengths.

[0048] FIG. 1 is a cross-sectional view showing an
embodiment of a display device of the present invention. A
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display device (100) of FIG. 1 includes a polarizer a (40) and
an optical film X (20) on a light emitting surface of a display
element (10). In the display device (100) of FIG. 1, an
organic EL display element (10a) is used as the display
element. Additionally, the display device (100) of FIG. 1 has
another optical film (30) provided between the polarizer a
(40) and the optical film X (20).

[0049] Further, though the other optical film (30) is pro-
vided between the polarizer a (40) and the optical film X
(20) in FIG. 1, the position of the other optical film (30) may
be between the display element and the polarizer a, or may
be closer to an observer than the optical film X. Additionally,
when the display element of the display device is a liquid
crystal display element, a backlight, which is not shown, is
required behind the liquid crystal display element.

(Condition 1-1)

[0050] The condition 1-1 is a condition indicating that the
optical spectrum of RGB (red, green, blue) of the display
device is sharp. The condition 1-1 will be described in more
detail, referring to the drawings.

[0051] FIG. 2 is an example of the optical spectrum at the
time of measuring the intensity of light (L,) incident verti-
cally on an optical film from the display element side every
1 nm, when a display element outputs white light, in a
display device that includes a polarizer a and the optical film
on a three-color independent type organic EL display ele-
ment having a micro-cavity structure. Further, in the optical
spectrum of FIG. 2, the intensity of each wavelength is
standardized by setting the maximum intensity to 100.
[0052] InFIG.2,B,,,, indicates the maximum intensity in
a blue wavelength band (from 400 nm or more to less than
500 nm), G,,,, indicates the maximum intensity in a green
wavelength band (from 500 nm or more to less than 600
nm), and R, indicates the maximum intensity in a red
wavelength band (from 600 nm or more to 780 nm or less).

[0053] Additionally, in FIG. 2, L, A; indicates the wave-
length showing B, ., L, A indicates the wavelength show-
ing G,,,,, and L, A, indicates the wavelength showing R, ...
[0054] In addition, in FIG. 2, +a indicates the minimum

wavelength that shows a Y2 or less of the intensity of B, .,
and is located on the plus direction side of LAy -0
indicates the maximum wavelength that shows a ¥ or less
of the intensity of G,,,,, and is located on the minus
direction side of L,;As. +0 indicates the minimum wave-
length that shows a %2 or less of the intensity of G, and
is located on the plus direction side of L, Ag. -0z indicates
the maximum wavelength that shows a %2 or less of the
intensity of R and is located on the minus direction side
of L Ag.

[0055] In the optical spectrum of FIG. 2, each spectrum of
RGB is sharp, and L Az, L Ag, LAz, +0z —0g, +as and
-0 satisfy the following relationships (1) to (4).

Tnaxs

+ap<L g (1)
Lihg<-ag @
+ao<Lhg 3)
Lihg<-ag @

[0056] FIG. 3 is an example of the optical spectrum at the

time of measuring the intensity of light (L,) incident verti-
cally on an optical film from the display element side every
1 nm, when a display element outputs white light, in a
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display device in which the display element is a liquid
crystal display element, a light source of a backlight is a cold
cathode fluorescent tube (CCFL), and that includes a polar-
izer a and the optical film on the display element. Also in
FIG. 3, each optical spectrum of RGB is sharp, and satisfies
the above-mentioned relationships (1) to (4). Further, in the
optical spectrum of FIG. 3, the intensity of each wavelength
is standardized by setting the maximum intensity to 100.

[0057] FIG. 4 is an example of an optical spectrum of light
(L,) incident vertically on an optical film from the display
element side, when a display element outputs white light, in
a display device in which the display element is a liquid
crystal display element, a light source of a backlight is a
white LED, and that includes a polarizer a and the optical
film on the display element. In FIG. 4, the optical spectrum
of B (blue) is sharp, and the optical spectrum of G (green)
is comparatively sharp. Therefore, though the above-men-
tioned relationships (1) to (3) are satisfied, the above-
mentioned relationship (4) is not satisfied, since the optical
spectrum of R (red) is broad. Further, in the optical spectrum
of FIG. 4, the intensity of each wavelength is standardized
by setting the maximum intensity to 100.

[0058] FIG. 5 is an example of an optical spectrum at the
time of measuring the intensity of light (L,) incident verti-
cally on an optical film from the display element side every
1 nm, when a display element outputs white light, in a
display device in which the display element is a liquid
crystal display element, a primary light source of a backlight
is ablue LED, a secondary light source is a quantum dot, and
that includes a polarizer a and the optical film on the display
element. Also in FIG. 5, each optical spectrum of RGB is
sharp, and satisfies the above-mentioned relationships (1) to
(4). Further, in the optical spectrum of FIG. 5, the intensity
of each wavelength is standardized by setting the maximum
intensity to 100.

[0059] Next, the relationship between the optical spectrum
of RGB and the width of color gamut is described.

[0060] The color gamut that can be reproduced by mixing
three colors of RGB is shown by a triangle on a CIE-xy
chromaticity diagram. The triangle defines the apex coordi-
nates of each color of RGB, and is formed by connecting
each apex. In the CIE-xy chromaticity diagram, when each
optical spectrum of RGB is sharp, as for the apex coordi-
nates of R, the value of x becomes large and the value of y
becomes small, as for the apex coordinates of G, the value
of'x becomes small and the value of y becomes large, and as
for the apex coordinates of B, the value of x becomes small
and the value of 'y becomes small. That is, when each optical
spectrum of RGB is sharp, the area of the triangle made by
connecting the apex coordinates of each of the RGB colors
in the CIE-xy chromaticity diagram becomes large, and the
width of a reproducible color gamut becomes wide. Further,
widening the width of color gamut leads to the improvement
of impressiveness and sense of presence of a moving image.

[0061] As a standard for representing the color gamut,
there is “ITU-R Recommendation BT. 2020 (hereinafter
referred to as “BT. 2020”)” etc. ITU-R is the abbreviation
for “International Telecommunication Union—Radiocom-
munication Sector”, and ITU-R Recommendation BT. 2020
is an international standard for the color gamut of Super
Hi-Vision. When the cover rate of BT. 2020 based on the
CIE-xy chromaticity diagram represented by the following
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formula is within a range described later, it is possible to
more easily improve the impressiveness and sense of pres-
ence of a moving image.

<The Formula Representing the Cover Rate of BT. 2020>
[0062]

[The overlapping area in the area of the CIE-xy
chromaticity diagram of L, with the area of the
CIE-xy chromaticity diagram of BT. 2020/the
area of the CIE-xy chromaticity diagram of BT.
2020]x100(%)

[0063] Next, the problem of the color reproducibility is
described.
[0064] In a display device having a wide color gamut

satisfying the condition 1-1, when an image is observed
through the polarized sunglasses, the problem of the color
reproducibility (especially, the problem of the color repro-
ducibility caused by red) tends to occur. It seems that this is
because the cycle of change of the intensity of the optical
spectrum of L, becomes large, due to the influence of the
retardation value and the wavelength dependency of the
birefringence index of the optical film.

[0065] FIGS. 6 to 9 are optical spectra of light (L,) that is
obtained by causing L,, having the optical spectra of FIGS.
2 to 5, to enter an optical film, having a retardation value:
11,000 nm, so as to emit vertically from the light emitting
surface side of the optical film, and to pass through a
polarizer b having the absorption axis parallel to the absorp-
tion axis of the polarizer a. The optical spectrum of L, can
be considered as an optical spectrum that is visually recog-
nized through the polarized sunglasses. Referring to the
optical spectra of FIGS. 6 to 9, the larger the wavelength
becomes, the larger the cycle of change of the intensity of
the optical spectrum of L, becomes. Further, in the optical
spectra of L, in FIGS. 6 to 9, the intensity of each wave-
length is standardized by setting the maximum intensity of
the optical spectra of L; to 100. Additionally, L., in FIGS. 6
to 9 is the light of P polarization (the polarization in the
vertical direction with respect to the optical film X).
[0066] FIG. 10 is a diagram in which FIG. 2 and FIG. 6 are
superimposed on each other, FIG. 11 is a diagram in which
FIG. 3 and FIG. 7 are superimposed on each other, FIG. 12
is a diagram in which FIG. 4 and FIG. 8 are superimposed
on each other, and FIG. 13 is a diagram in which FIG. 5 and
FIG. 9 are superimposed on each other.

[0067] L, in FIG. 12 does not satisty the condition 1-1. In
FIG. 12, much of the optical spectrum of L, is included in
the optical spectrum of L,. That is, as shown in FIG. 12,
when the optical spectrum of L, is not sharp, the problem of
the color reproducibility hardly occurs, since a big difference
is hardly produced between the optical spectrum of I, and
the optical spectrum of L,, though the color gamut is narrow.
[0068] On the other hand, as shown in FIGS. 10, 11 and
13, when the optical spectrum of L, is sharp, the problem of
the color reproducibility easily occurs, since the optical
spectrum of L, is hardly included in the optical spectrum of
L,. Especially, in the red (R) wavelength band, the optical
spectrum of L, is hardly included in the optical spectrum of
L,. This is because the cycle of change of the intensity of the
optical spectrum of L., becomes large with the increase in the
wavelength, due to the influence of the retardation value and
the wavelength dependency of the birefringence index, etc.
of the optical film.
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[0069] In the present invention, it is preferable that the
optical spectra of L., and L, be the optical spectra at the time
of causing the display element to output white light. These
optical spectra can be measured by using a spectrophotom-
eter. At the time of measurement, the photodetector of the
spectrophotometer is placed to be perpendicular to the light
emitting surface of the display device, and the viewing angle
is set to 1 degree. Additionally, it is preferable that the light
to be measured be the light passing through the center of an
effective display area of the display device. The optical
spectra can be measured by a spectroradiometer CS-2000
made by KONICA MINOLTA, INC., for example.

[0070] In addition, “the area of the CIE-xy chromaticity
diagram of L,”, which is needed when the cover rate of BT.
2020 is calculated, can be calculated by measuring the x
values and the y values of the CIE-Yxy color system at the
time of outputting red (R) light, green (G) light, and blue (B)
light, respectively, and using “the apex coordinates of red
(R)”, “the apex coordinates of green (G)”, and “the apex
coordinates of blue (B)”, which are obtained from the
measurement results. The x value and the y value of the
CIE-Yxy color system can be measured by a spectroradi-
ometer CS-2000 made by KONICA MINOLTA, INC., for
example.

(Condition 2-1)

[0071] The condition 2-1 represents the condition for
preventing the problem of the color reproducibility from
being produced.

[0072] Further, in the condition 2-1, “the polarizer b”
substantially means “the polarizer of the polarized sun-
glasses”. That is, in the condition 2, “the light (L,) that emits
vertically from the optical film X, and passes through a
polarizer b having the absorption axis parallel to the absorp-
tion axis of the polarizer a” means “the light that emits from
the optical film X, and passes through the polarizer of the
polarized sunglasses (the light recognized by a human
through the polarized sunglasses)”.

[0073] Additionally, in the condition 2-1, the definition as
“a wavelength band ranging from -z to +f in the range of
600 nm to 780 nm” means that, for the wavelength band of
less than 600 nm or more than 780 nm, even if this
wavelength is in a range from -f; to +fz, the bottom
wavelength and the peak wavelength are not counted.
[0074] The solid line in FIG. 10 corresponds to that in
FIG. 2, and the broken line in FIG. 10 corresponds to that in
FIG. 6.

[0075] InFIG. 10, - indicates the maximum wavelength
showing a %5 or less of the intensity of R,,, ., and is located
in the minus direction side of L., A;. Additionally, in FIG. 10,
+P5 indicates the minimum wavelength showing a ¥4 or less
of the intensity of R,,,,, and is located in the plus direction
side of L, A;. When the wavelength at which the inclination
of the optical spectrum of L, changes from negative to
positive is assumed to be the bottom wavelength, and the
wavelength at which the inclination of the optical spectrum
of L, switches from positive to negative is assumed to be the
peak wavelength, the broken line in FIG. 10 includes one or
more bottom wavelengths and one or more peak wave-
lengths in a wavelength band ranging from - to +f in the
range of 600 nm to 780 nm, and satisfies the condition 2-1.
[0076] When the condition 2-1 is satisfied, it means that
one or more crests of the wavelength band of the red (R) of
L, are included in the crest near the maximum intensity of
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the red (R) of L,. That is, when the condition 2-1 is satisfied,
it is possible to suppress the problem of the color reproduc-
ibility due to red (R), since there is less difference between
the optical spectrum of the wavelength band of the red (R)
of L, and the optical spectrum of the wavelength band of the
red (R) of L,.

[0077] On the other hand, when the condition 2-1 is not
satisfied, it means that no crest of the wavelength band of the
red (R) of L, is included in the crest near the maximum
intensity of the red (R) of L,. For this reason, when the
condition 2-1 is not satisfied, the color reproducibility is
deteriorated due to the red (R).

[0078] In the wavelength band of the red (R) of L,, while
red (R) is high next to green (G) with respect to human
visibility, the cycle of the optical spectrum becomes long
due to the wavelength dispersion property of the retardation.
For this reason, when the optical spectrum of L; is sharp, the
condition 2-1 cannot be satisfied with a usual design, and the
color reproducibility is deteriorated due to red (R) of which
human visibility is high. The present invention enables the
suppression of deterioration of the color reproducibility in
consideration of the wavelength dispersion property of the
retardation (especially, the wavelength dispersion property
of the retardation influenced by the wavelength dependency
of the birefringence index).

[0079] Further, in the liquid crystal display device using
the white LED as the light source of the backlight, which
was conventionally the mainstream, the optical spectrum of
the red (R) of L, is broad as shown in FIG. 4. Therefore, the
crest of the wavelength band of the red (R) of L, can be
easily included in the crest near the maximum intensity of
the red (R) of L,. That is, the deterioration of the color
reproducibility due to red (R) during observation through the
polarized sunglasses is a problem that cannot occur in the
liquid crystal display device using the white LED, which
was the conventional mainstream.

[0080] In the condition 2-1, L, is polarized, and may be P
polarization or may be S polarization. Further, many of the
usual polarized sunglasses cut S polarization. For this rea-
son, it is preferable that the condition 2-1 be satisfied when
L, is P polarization.

[0081] In the condition 2-1, it is preferable that a wave-
length band ranging from —f; to +f 5 in the range of 600 nm
to 780 nm include two or more above-mentioned bottom
wavelengths and two or more above-mentioned peak wave-
lengths.

[0082] Additionally, it is preferable for the display device
of the present invention to satisfy one or more of the
following conditions 2-2 to 2-4, in order to suppress the
problem of the color reproducibility more. By satisfying one
or more of the conditions 2-2 to 2-4, it is possible to suppress
the deterioration of the color reproducibility due to red (R)
even more.

<Condition 2-2>

[0083]

0.40<[the total intensity of the L, in the wavelength
band ranging from -f4 to +P in the range of
600 nm to 780 nm/the total intensity of the L,
in the wavelength band ranging from -z to
+P5 in the range of 600 nm to 780 nm]

[0084] Regarding the condition 2-2, it is more preferable
to satisty 0.45=<the right-hand side, and it is still more
preferable to satisfy 0.47<the right-hand side.
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[0085] Further, in the condition 2-2, the definition as “the
wavelength band ranging from -f; to +f; in the range of
600 nm to 780 nm” means that the wavelength band of less
than 600 nm or more than 780 nm is not used for obtaining
the total intensity, even if this wavelength band ranges from
—Pr to +fg.

[0086] In the condition 2-2 and the condition 2-4
described below, it is preferable that the total intensity of L,
and L, be calculated by assuming the angle 0 between the
absorption axis (the vibrating direction of linear polariza-
tion) of the polarizer of polarizer a and the slow axis of the
optical film X to be 45 degrees.

<Condition 2-3>

[0087] Let —a, represent the maximum wavelength show-
ing a % or less of the intensity of the R, ., and located in
the minus direction side of L,A,, and +a, represent the
minimum wavelength showing a 4 or less of the intensity
of the R,,,., and located in the plus direction side of L, A,.
[0088] A wavelength band ranging from -0, to +04 in the
range of 600 nm to 780 nm includes one or more above-
mentioned bottom wavelengths of the L., and one or more
peak wavelengths of the L,.

[0089] Further, in the condition 2-3, the definition as “a
wavelength band ranging from -0, to +0; in the range of
600 nm to 780 nm” means that, for the wavelength band of
less than 600 nm or more than 780 nm, even if this
wavelength band is in a range from -o to +0z, the bottom
wavelength and the peak wavelength are not counted.
[0090] In the conditions 2-3, it is more preferable that a
wavelength band ranging from —c; to +0; in the range of
600 nm to 780 nm include two or more above-mentioned
bottom wavelengths and two or more above-mentioned peak
wavelengths.

<Condition 2-4>

[0091]

0.40<[the total intensity of the L, in the wavelength
band ranging from -0z to +0 in the range of
600 nm to 780 nm/the total intensity of the L;
in the wavelength band ranging from -, to
+0p in the range of 600 nm to 780 nm]

[0092] Regarding the condition 2-4, it is more preferable
to satisty 0.45=<the right-hand side, and it is still more
preferable to satisfy 0.47<the right-hand side.

[0093] Further, in the condition 2-4, the definition as “the
wavelength band ranging from -0, to +0; in the range of
600 nm to 780 nm” means that the wavelength band of less
than 600 nm or more than 780 nm is not used for obtaining
the total intensity, even if this wavelength band is in a range
from —a, to +0i.

[0094] The conditions 2-1 to 2-4 are the conditions for the
wavelength band of the red (R) of L,. For this reason, it is
preferable to satisfy the conditions similar to the conditions
2-1 to 2-4, also in the wavelength bands of the green (G) and
blue (B) of L,. Further, as described above, the shorter the
wavelength becomes, the shorter the cycle of the optical
spectrum becomes, due to the influence of the retardation
value, and the wavelength dependency of the birefringence
index of the optical film, etc. Therefore, usually, when the
conditions 2-1 to 2-4 are satisfied, the similar conditions are
also satisfied in the wavelength bands of the green (G) and
blue (B).
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(Preferable Mode of L))

[0095] As described above, in the display device of the
present invention, though the problem of the color repro-
ducibility tends to occur with a usual design, since the
condition 1-1 (the optical spectrum of L, is sharp) is satis-
fied, the problem of the color reproducibility is suppressed
by satisfying the condition 2-1.

[0096] Additionally, in the display device of the present
invention, even if the optical spectrum of L, is very sharp,
when the condition 2-1 is satisfied, it is possible to suppress
the problem of the color reproducibility. Recently, in order
to extend the color gamut, display devices have been devel-
oped in which the optical spectrum of L., becomes very
sharp. The display device of the present invention is pref-
erable in that it is possible to suppress the problem of the
color reproducibility, even in display devices having a very
sharp optical spectrum of L,.

[0097] For example, the display device of the present
invention is preferable in that it is possible to suppress the
problem of the color reproducibility for the display device
satisfying one or more of the following condition 1-2 to the
condition 1-5 (the display device having a very sharp optical
spectrum of L, and having a very wide color gamut). The
conditions 1-1 to 1-4 mainly contribute to expansion of the
color gamut by increasing the color purity, and the condition
1-5 mainly contributes to the expansion of the color gamut
in consideration of brightness.

[0098] Further, it becomes easy to suppress the rainbow
unevenness by satisfying the condition 1-2.

<Condition 1-2>

[0099] Based on the optical spectrum of L; obtained by the
measurement of the condition 1-1, an average value B, of
the intensities of the optical spectra in the blue wavelength
band, an average value G, of the intensities of the optical
spectra in the green wavelength band, and an average value
R,,. of the intensities of the optical spectra in the red
wavelength band are calculated. Let B, represent the wave-
length band in which the intensities of L, continuously
exceed B, in the blue wavelength band, G, represent the
wavelength band in which the intensities of L; continuously
exceed G, in the green wavelength band, and R, represent
the wavelength band in which the intensities of L, continu-
ously exceed R ,,,, in the red wavelength band. The numbers
of wavelength bands indicating B,,, G, and R, are all 1.
[0100] In the optical spectra of FIGS. 2, 4 and 5, the
numbers of wavelength bands indicating B,,, G, and R,, are
all 1, and the condition 1-2 is satisfied. On the other hand,
in the optical spectrum of FIG. 3, there are two wavelength
bands for each of B, and G, and the condition 1-2 is not
satisfied.

<Condition 1-3>

[0101] The above-mentioned +ay, the above-mentioned
-0, the above-mentioned +a, and the above-mentioned
-0 satisfy the following relationships (5) to (6).

+0p<—0g ®)
+0G<-0p (6)
[0102] The optical spectra of FIGS. 2, 3 and 5 satisty the

relationships (5) and (6), and satisfy the condition 1-3. On
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the other hand, the optical spectrum of FIG. 4 does not
satisfy the relationship (6), and does not satisfy the condition
1-3.

<Condition 1-4>

[0103] Let +f; represent the minimum wavelength show-
ing a % or less of the intensity of the B,, ., and located in
the plus direction side of L A5, —f3 ; represent the maximum
wavelength showing a %5 or less of the intensity of the G,
and located in the minus direction side of L ,Ag +PG
represent the minimum wavelength showing a ¥4 or less of
the intensity of the G,,,,, and located in the plus direction
side of L A, and —f represent the maximum wavelength
showing a %4 or less of the intensity of the R, ., and located
in the minus direction side of L A.

[0104] The above-mentioned +PB, the above-mentioned
-B g, the above-mentioned +PG, and the above-mentioned
—Px satisfy the following relationships (7) to (8).

+Ba<—Po M
+HBo<-Pr ®
[0105] The optical spectra of FIGS. 2, 3 and 5 each satisfy

the relationships (7) and (8), and satisfy the condition 1-4.
On the other hand, the optical spectrum of FIG. 4 does not
satisfy the relationship (8), and does not satisfy the condition
1-4.

<Condition 1-5>

[0106] LetL,,,,, represent the maximum intensity among
the above-mentioned B,, ., the above-mentioned G,,,,., and
the above-mentioned R,,,.- B,.../Limaxs Gmar Limars a0d
R,/ L1 max @re €ach 0.27 or more.

[0107] In the optical spectra of FIGS. 2, 3 and 5, B,,../
L1 aes Gmad Limar a0d R, /L, are each 0.27 or more,
and the condition 1-5 is satisfied. On the other hand, in the
optical spectrum of FIG. 4, R, /L, ... is each less than
0.27, and the condition 1-5 is not satisfied.

[0108] In the condition 1-5, it is more preferable that
B,.oi/Limars Gmard Limae a0d R, /L, are each 0.30 or
more.

[0109] Further, while it is preferable that the optical spec-
trum of L, be sharp from the viewpoint of extending the
color gamut, it is preferable that the optical spectrum of L,
be not extremely sharp from the viewpoint of easily satis-
fying the condition 2-1. For this reason, the difference
between the above-mentioned +f; and the above-mentioned
—-Bz [+Pr=(=Pz)] is preferably 15 to 90 nm, more preferably
30 to 85 nm, and still more preferably 50 to 80 nm.
[0110] Additionally, for the balance between the view-
point of extending the color gamut and the viewpoint of
easily satisfying the condition 2-3, the difference between
the above-mentioned +a; and the above-mentioned —o,
[+oz—(—az)] is preferably 10 to 70 nm, more preferably 20
to 60 nm, and still more preferably 30 to 55 nm.

[0111] As display devices having a very sharp optical
spectrum of L, there are a three-color independent type
organic EL display device, a liquid crystal display device
using a quantum dot for a backlight, etc.

(Display Element)

[0112] As display elements, there are a liquid crystal
display element, an organic EL display element, an inor-
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ganic EL display element, a plasma display element, etc.
Further, the liquid crystal display element may be an in-cell
touch-panel liquid crystal display element provided with a
touch-panel function in the element.

[0113] Among these display elements, in the three-color
independent type organic EL display element, the optical
spectrum of L, easily becomes sharp, and the effect of the
present invention is effectively demonstrated. However, in
organic EL. display elements, there is a problem of the
optical extraction efficiency. Thus, in order to improve the
optical extraction efficiency, three-color independent type
organic EL elements are provided with a micro-cavity
structure. In the three-color independent type organic EL.
elements provided with this micro-cavity structure, the opti-
cal spectrum of [; tends to become sharper as the optical
extraction efficiency is more improved, and the effect of the
present invention is effectively demonstrated.

[0114] Additionally, when the display element is a liquid
crystal display element, and a quantum dot is used as a
backlight, the optical spectrum of L, easily becomes sharp,
and the effect of the present invention is effectively dem-
onstrated.

[0115] As for the display element, the cover rate of BT.
2020 based on the CIE-xy chromaticity diagram represented
by the above-mentioned formula is preferably 60% or more,
and more preferably 65% or more.

(Polarizer a)

[0116] The polarizer a is placed on the emitting surface of
the display element, and is located closer to the display
element than the optical film X.

[0117] As polarizers a, there are, for example, a polyvinyl
alcohol film dyed with iodine etc. and oriented, a sheet-type
polarizer such as a polyvinyl-formal film, a polyvinyl-acetal
film, and an ethylene-vinyl acetate copolymer based saponi-
ficated film, a wire grid type polarizer composed of many
metal wires arranged in parallel, a coating type polarizer to
which a lyotropic liquid crystal or a dichroic guest-host
material is applied, a multilayer thin film type polarizer, etc.
Further, these polarizers a may be reflection-type polarizers
provided with the function of reflecting the polarization
component that is not transmitted.

[0118] It is preferable to cover both sides of the polarizer
a with a transparent protective plate, such as a plastic film
and glass. It is also possible to use the optical film X as the
transparent protective plate.

[0119] The polarizer a is used, for example, in order to add
an antireflection property by combination with a YA plate.
Additionally, when the display element is a liquid crystal
display element, a backside polarizer is provided on the light
entering surface side of the liquid crystal display element,
and is used for adding the function of a liquid crystal shutter
by arranging the absorption axis of the polarizer a located on
the upper side of the liquid crystal display element to be
orthogonal to the absorption axis of the backside polarizer.
[0120] In principle, the polarized sunglasses absorb the S
polarization. Thus, in principle, the direction of the absorp-
tion axis of the polarizer of the polarized sunglasses is also
horizontal. For this reason, it is preferable to provide the
polarizer a such that the angle of the direction of the
absorption axis of the polarizer a is within the range less than
%10 degrees with respect to the horizontal direction of the
display device. It is more preferable that the angle be within
the range less than +5 degrees.
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[0121] When there are two or more polarizers between the
display element and the optical film X, the polarizer located
farthest from the display element is assumed to be the
polarizer a.

(Optical Film X)

[0122] The optical film X is on a surface on the light
emitting surface side of the display element, and is provided
farther from the light emitting surface than the polarizer a.
Additionally, when the display device includes a plurality of
polarizers, the optical film X is provided farther from the
light emitting surface than the polarizer (the polarizer a)
located farthest from the light emitting surface.

[0123] When a plurality of optical films is provided on the
display element, it is preferable to provide the optical film X
farthest from the display element (on the viewer side).

[0124] The optical film X has a role of changing the light
before it transmits through the optical film X, and making
the relationship between L, and L, satisfy the condition 2-1.

[0125] Let “I,” represent the intensity of L, incident
vertically on the optical film X, “Ress,” represent the
retardation value of a wavelength of 550 nm of the optical
film X, “N(A\)” represent [the birefringence index of the
material forming the optical film X with respect to each of
wavelengths ranging from 400 to 780 nm/the birefringence
index of the material forming the optical film X with respect
to the wavelength of 550 nm], and “6” represent the angle
formed between the absorption axis (the vibrating direction
of linear polarization) of polarizer of the polarizer a and the
slow axis of the optical film X. In this case, the intensity I
of the light (L,) that emits vertically from the light emitting
surface side of the optical film X, and passes through the
polarizer b having the absorption axis parallel to the absorp-
tion axis of the polarizer a can be represented by the
following formula (A). Further, it is assumed that L, is the
linear polarization that passes through the polarizer a located
closer to the display element than the optical film X.

I=Iy-Iysin?(2°)sin?(s-N(A)-Resso/M) (A)

[0126] The configuration of the optical film X can be
determined based on the above formula (A). Specifically,
first, the optical spectrum of L, before being transmitted
through the optical film X is measured. Then, based on the
measurement result of the optical spectrum of L; and the
above formula (A), the simulation is performed for the
optical spectrum of L, in accordance with the retardation
value of the optical film X. Then, the optical spectrum of I,
is compared with the optical spectrum of L, obtained in the
simulation, and the optical film having the retardation that
satisfies the condition 2-1 is determined as the optical film
X. By determining the configuration of the optical film X in
this manner, it is possible to achieve a good color reproduc-
ibility, without increasing the retardation of the optical film
X more than necessary.

[0127] Further, the value of I shows the maximum value
when the angle 6 formed between the absorption axis (the
vibrating direction of linear polarization) of polarizer of the
polarizer a and the slow axis of the optical film X is 45
degrees. For this reason, it is preferable to perform the above
simulation with the following formula (B) assuming 6 to be
45 degrees.

I=Iy-Iysin® (- N(h) Resso/N) (B)
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[0128] When a plurality of optical films is provided on the
display element, as described above, it is preferable to
provide the optical film X farthest from the display element
(the viewer side). In this case, the above simulation may be
performed by the interaction between the optical film X and
the optical film located closer to the display element than
optical film X. For example, in a case where the slow axis
direction of the optical film X is arranged to be the same as
the slow axis direction of the optical film located closer to
the display element than the optical film X, when both of the
optical films are formed from the same material, the above
simulation can be performed by calculating Res;,, based on
the total thickness of both of the optical films.

[0129] When the retardation value of the optical film X is
increased, it becomes easy to satisfy the condition 2-1.
However, a mere increase of the retardation value may not
satisfy the condition 2-1. Additionally, when the retardation
value of the optical film X is too large, the thickness of the
optical film X may become too large, or it may be necessary
to use a special material having a bad handleability as the
material of the optical film X. In addition, when the retar-
dation value is too small, when observed through the polar-
ized sunglasses, the blackout or the rainbow unevenness
may easily occur.

[0130] For this reason, it is preferable to use the optical
film X that satisfies the condition 2-1 in the range from 3,000
nm to 100,000 nm for the retardation value. The retardation
value of the optical film X more preferably ranges from
4,000 nm to 30,000 nm, still more preferably ranges from
5,000 nm to 20,000 nm, still further preferably ranges from
6,000 nm to 15,000 nm, and especially preferably ranges
from 7,000 nm to 12,000 nm. Further, the retardation value
herein is a retardation value at the wavelength of 550 nm.
[0131] The retardation value of the optical film X is
represented by the following formula (C) by using a refrac-
tive index n_ in the slow axis direction, which is the direction
having the largest refractive index in the surface of the
optical film, a refractive index n,, in the fast axis direction,
which is the direction orthogonal to the above-mentioned
slow-axis direction in the surface of an optically transparent
film, and a thickness d of the optical film.

Retardation Value (Re)=(n,~n,)xd (®)]

[0132] The above retardation value can be measured by
“KOBRA-WR” and “PAM-UHR100” that are product
names and made by Oji Scientific Instruments Co., Ltd., for
example.

[0133] Additionally, after the orientation axis direction
(the direction of the main axis) of the optical film X is
obtained using two or more polarizers, the refractive index
(n,, n,) of the two axes (the refractive index of the oriented
axis, and the axis orthogonal to the orientation axis) is
obtained with an Abbe refractive-index meter (NAR-4T,
made by ATAGO CO., LTD). Here, the axis showing a larger
refractive index is defined as the slow axis. The thickness d
of'the optical film is measured with, for example, a microm-
eter (the brand name: Digimatic Micrometer, made by
Mitutoyo Corporation), and the unit is converted to nm. The
retardation may also be calculated from the product of the
birefringence index (n,-n,) and the thickness d of the film
(nm).

[0134] As for the optical film X, there is the optical film
X mainly formed from an optically transparent base mate-
rial, such as a plastic film.
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[0135] As the optically transparent base materials, there
are oriented plastic films, such as a polyester film, a poly-
carbonate film, a cycloolefin polymer film, and an acrylic
film. Among these, from the viewpoint of being easy to
increase the birefringence index, a oriented polyester film
and a oriented polycarbonate film are preferable. Addition-
ally, among the optically transparent base materials, those
exhibiting the positive dispersion property (the property in
which the shorter the wavelength becomes, the larger the
birefringence index becomes) are preferable. Especially, the
polyester film that is oriented (the oriented polyester film)
has a strong positive dispersion property, and has the prop-
erty in which the shorter the wavelength becomes, the larger
the birefringence index becomes (the longer the wavelength
becomes, the smaller the birefringence index becomes).
Therefore, even if the retardation value is equivalent to those
of the other plastic films, the oriented polyester film is
preferable in that the above condition 2-1 can be easily
satisfied. In other words, it is preferable to use the oriented
polyester film as the base material of the optical film X, since
the above condition 2-1 can be easily satisfied without
increasing the thickness of the base material more than
necessary.

[0136] As the polyester film, a polyethylene terephthalate
film (PET film), a polyethylene naphthalate film (PEN film),
etc. are preferred.

[0137] As for the orienting, there are longitudinal uniaxial
orienting, tenter orienting, successive biaxial orienting, and
simultaneous biaxial orienting, etc.

[0138] Additionally, among the optically transparent base
materials, those exhibiting a positive birefringence property
are preferable from the viewpoint of mechanical strength.
The optically transparent base material exhibiting a positive
birefringence property means an optically transparent base
material in which a refractive index n, of the orientation axis
direction (the direction of the main axis) of the optically
transparent base material, and a refractive index n, of the
direction orthogonal to the orientation axis direction satisfy
the relationship of n,>n,. As the optically transparent base
material exhibiting a positive birefringence property, there
are polyester films, such as a PET film and a PEN film,
aramid films, etc.

[0139] From the viewpoints of handleability and reduction
of film thickness, the thickness of the optically transparent
base material preferably ranges from 5 to 300 um, more
preferably ranges from 10 to 200 pm, and still more pref-
erably ranges from 15 to 100 pum.

[0140] The optical film X may include a function layer on
the optically transparent base material. As the functional
layer, there are a hard coat layer, an anti-glare layer, an
antireflection layer, an antistatic layer, an antifouling layer,
etc.

(Other Optical Films)

[0141] The display device of the present invention may
include other optical films, such as a phase difference film,
a hard coat film, and a gas barrier film. Further, it is more
preferable that the other optical films be provided closer to
the display element than the optical film X.

(Touch Panel)

[0142] The display device of the present invention may be
a display device with a touch panel, in which the touch pane
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is provide between the display element and the optical film
X. Although the positional relationship between the polar-
izer a and the touch panel on the display element is not
particularly limited, it is preferable to arrange the polarizer
(the polarizer a) located farthest from the light emitting
surface between the touch panel and the optical film X.

[0143] As the touch panel, there are a resistance film type
touch panel, a capacitance type touch panel, an in-cell touch
panel, an electromagnetic induction type touch panel, an
optical touch panel, an ultrasonic type touch panel, etc.

(Backlight)

[0144] When the display device is a liquid crystal display
device, a backlight is disposed behind the display element.
[0145] As the backlight, any of an edge light type back-
light and a directly under type backlight can be used.
[0146] As the light source of the backlight, there are an
LED, a CCFL, etc. However, in the backlight using a
quantum dot as the light source, the optical spectrum of [,
easily becomes sharp, and the effect of the present invention
is effectively demonstrated.

[0147] The backlight using a quantum dot as the light
source includes at least a primary light source that emits
primary light, and a secondary light source composed of the
quantum dot that absorbs the primary light and emits sec-
ondary light.

[0148] When the primary light source emits the primary
light having a wavelength corresponding to blue, it is
preferable that the quantum dot, which is the secondary light
source, include at least one of a first quantum dot that
absorbs the primary light and emits the secondary light
having a wavelength corresponding to red, and a second
quantum dot that absorbs the primary light and emits the
secondary light having a wavelength corresponding to
green, and it is more preferable that the quantum dot include
both of the above-mentioned first quantum dot and the
above-mentioned second quantum dot.

[0149] A quantum dot is a nanometer-sized semiconductor
particle, exhibits specific optical and electric properties by
the quantum confinement effect (the quantum size effect)
with which electrons and excitons are confined in a nano-
meter-sized small crystal, and is also called a semiconductor
nanoparticle and a semiconductor nanocrystal.

[0150] The material of the quantum dot is not particularly
limited as long as the material is a nanometer-sized semi-
conductor particle, and produces the quantum confinement
effect (the quantum size effect).

[0151] Quantum dots may be contained in the optical film
that constitutes the backlight.

[Method of Selecting Optical Film of Display Device]

[0152] A method of selecting the optical film of the
display device of the present invention is a method of
selecting the optical film of the display device including the
polarizer a and the optical film on a surface on the light
emitting surface side of the display element, and when the
light incident on the optical film satisfies the above condition
1-1, the method selects the optical film that satisfies the
above condition 2-1.

[0153] The optical spectra of L, and L, can be measured
by using a spectrophotometer. At the time of measurement,
the photodetector of the spectrophotometer is placed to be
perpendicular to the light emitting surface of the display
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device, and the viewing angle is set to 1 degree. Addition-
ally, it is preferable that the light to be measured be the light
passing through the center of the effective display area of the
display device. Further, it is preferable to calculate the
optical spectrum of L, based on a simulation as described
later.

[0154] It is preferable that the optical film satisfying the
conditions 2-1 to 2-4 be selected by the following proce-
dures (a) and (b).

[0155] (a) Based on the measurement result of the optical
spectrum of [, measured in the condition 1-1, and the above
formula (A), the optical spectrum of L, in accordance with
the retardation value of the optical film X is calculated by the
simulation. Further, instead of the above formula (A), the
above formula (B) may be used.

[0156] (b) The optical spectrum of L, is compared with the
optical spectrum of L, calculated by the simulation, and the
optical film having the retardation that satisfies the condition
2-1 is selected as the optical film X.

[0157] According to the method of selecting the optical
film of the display device of the present invention, it is
possible to efficiently select the optical film that can suppress
the deterioration of the color reproducibility during obser-
vation through the polarized sunglasses, and to improve the
working efficiency.

[0158] The method of selecting the optical film of the
display device of the present invention is especially effective
when the optical spectrum of L, is very sharp. Specifically,
when the optical spectrum of L, satisfies the above-men-
tioned conditions 1-2 to 1-5, since the problem of the color
reproducibility are more aggravated, the method of selecting
the optical film of the display device of the present invention
is very useful.

[0159] Additionally, from the viewpoint of making the
color reproducibility better, it is preferable for the method of
selecting the optical film of the display device of the present
invention to have one or more conditions that are chosen
from the above-mentioned conditions 2-2 to 2-4, and it is
more preferable to have all of the above-mentioned condi-
tions 2-2 to 2-4.

Example

[0160] Next, the present invention is described in more
detail with examples. However, the present invention is not
limited in any way by these examples. Further, “part” and
“%” are based on a mass basis, unless otherwise specified.

1. Fabrication of Optical Film

[0161] An non-oriented film was fabricated by melting
polyethylene terephthalate at 290° C., causing the polyeth-
ylene terephthalate to pass through a film forming die to be
extruded in a sheet-like shape, and cooling the polyethylene
terephthalate by pressing the polyethylene terephthalate on
a rotating quenching drum that was water-cooled. This
non-oriented film was preheated for 1 minute at 120° C. in
a biaxial orient test apparatus (TOYO SEIKI Co., Litd), and
was thereafter subjected to a fixed-end uniaxial orienting of
4.0 times at 120° C., to fabricate the optical film having a
birefringence property in a surface. The refractive indices
are n,=1.701 and n,=1.6015, and the difference between
them is An=0.0995 at a wavelength of 550 nm.
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[0162] The film thickness of this optical film was adjusted,
and optical films i to vii having the following retardation
values (Re) were obtained.

[0163] optical film i: Re=3,000 nm
[0164] optical film i: Re=4,000 nm
[0165] optical film iii: Re=6,000 nm
[0166] optical film iv: Re=7,000 nm
[0167] optical film v: Re=8,000 nm
[0168] optical film vi: Re=11,000 nm
[0169] optical film vii: Re=15,000 nm

2. Measurement of Optical Spectrum of [,

[0170] The intensity of light (L,) incident vertically on the
optical film from the display element side was measured
every 1 nm by using a spectrophotometer while the viewing
angle was set to 1 degree, when the following display
devices A to E outputted white light. In the display devices
A to E, the angle formed between the absorption axis (the
vibrating direction of linear polarization) of the polarizer a
and the slow axis of the optical film X was set to 45 degrees.
Additionally, the measurement position was the center of the
effective display area of the display device. FIG. 2 shows the
optical spectrum of I, of the display device A, FIG. 3 shows
the optical spectrum of L, of the display device B, FIG. 4
shows the optical spectrum of L, of the display device C,
FIG. 5 shows the optical spectrum of L., of the display
device D, and FIG. 14 shows the optical spectrum of L, of
the display device E. In addition, the numerical values about
the conditions 1-1 to 1-5 calculated based on the measure-
ment results are shown in Table 1. Additionally, those that
satisfies the conditions 1-1 to 1-5 are indicated by “O”,
those that does not satisfy them are indicated by “x”, and
both of them are also shown in Table 1.

<Display Device A>

[0171] A commercially available display device including
the polarizer a and the optical film on the three-color
independent type organic EL display element having a
micro-cavity structure. The cover rate of BT. 2020 based on
the CIE-xy chromaticity diagram: 77%.

<Display Device B>

[0172] A commercially available display device in which
the display element is a liquid crystal display element with
a color filter, and the light source of the backlight is a cold
cathode fluorescent tube (CCFL), and that includes the
polarizer a and the optical film on the display element.

<Display Device C>

[0173] A commercially available display device in which
the display element is a liquid crystal display element with
a color filter, and the light source of the backlight is a white
LED, and that includes the polarizer a and the optical film
on the display element. The cover rate of BT. 2020 based on
the CIE-xy chromaticity diagram: 49%.

<Display Device D (Display Device 1 Using Quantum
Dot)>

[0174] A commercially available display device in which
the display element is a liquid crystal display element with
a color filter, the primary light source of the backlight is a
blue LED, and the secondary light source is a quantum dot,
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and that includes the polarizer a and the optical film on the
display element. The cover rate of BT. 2020 based on the
CIE-xy chromaticity diagram: 68%.

<Display Device E (Display Device 2 Using Quantum Dot)>

[0175] A commercially available display device in which
the display element is a liquid crystal display element with
a color filter, the primary light source of the backlight is a
blue LED, and the secondary light source is a quantum dot,
and that includes the polarizer a and the optical film on the
display element. The cover rate of BT. 2020 based on the
CIE-xy chromaticity diagram: 52%.

TABLE 1

Display Display Display

Device Device Device Display Display
A B C Device D Device E
B e 100.0 54.3 100.0 100.0 100.0
G, 72.0 100.0 39.5 46.8 83.3
R 42.0 50.9 19.7 31.6 46.2
Lihg 455 nm 435 nm 450 nm 449 nm 448 nm
Lihg 525nmm 545 nm 532nm 536 nm 548 nm
LAz 620nm 610 nm 640 nm 632 nm 611 nm
—ap 448 nm 431 nm 436 nm 441 nm 440 nm
+ap 467 nm 440 nm 460 nm 459 nm 459 nm
-0 514nm 541 nm 502nm 516 nm 531 nm
+0; 538 nm 549 nm 568 nm 556 nm 564 nm
—ag 590 nm 607 nm 429 nm 606 nm 593 nm
+az 636 nm 615nm 695 nm 661 nm 635 nm
Bz 446 nm 429 nm 436 nm 438 nm 437 nm
+Bz 471 nm 472 nm 466 nm 464 nm 464 nm
-Be 508 nm 539 nm 490 nm 510 nm 526 nm
+Be 545 nm 550 nm 680 nm 563 nm 569 nm
Bz 575nm 606 nm 427 nm 598 nm 588 nm
+Br 645nm 620 nm 712nm 669 nm 643 nm
Number of 1 2 1 1 1

Wavelength Bands

Indicating B,

Number of 1 2 1 1 1
Wavelength Bands
Indicating G,
Number of
Wavelength Bands
Indicating R,
Condition 1-1
Condition 1-2
Condition 1-3
Condition 1-4
Condition 1-5
Cover Rate of BT.
2020

—
—
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—
—
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3. Fabrication of Display Devices A-i to A-vii, Display
Devices B-i to B-vii, Display Devices C-i to C-vii, Display
Devices D-i to D-vii, and Display Devices E-i to E-vii

[0176] Display devices A-i to A-vii, display devices B-i to
B-vii, display devices C-i to C-vii, display devices D-i to
D-vii, and display devices E-i to E-vii were obtained by
arranging optical films i to vii as the optical film of the
display devices A to E.

4. Simulation of L,, and Measurement of Optical Spectrum
of L,

[0177] Based on the optical spectrum of [, measured by
above 2 and the above formula (B), the intensity I of light
(L,) was calculated by simulation. The light (L) is light that
emits vertically from the light emitting surface side of the
optical film of the display devices A-i to A-vii, the display
devices B-i to B-vii, the display devices C-i to C-vii, the
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display devices D-i to D-vii, and the display devices E-i to
E-vii, and that passes through the polarizer b having the
absorption axis parallel to the absorption axis of the polar-
izer a. The numerical values about the conditions 2-1 to 2-4
calculated based on the simulation results are shown in
Tables 2 to 6. Additionally, those that satisfies the conditions
2-1 to 2-4 are indicated by “O~, those that does not satisfy
them are indicated by “x”, and both of them are also shown
in Tables 2 to 6.

[0178] Further, the similar results were obtained when the
numerical values about the conditions 2-1 to 2-4 were
calculated based on actual measurement values.

5. Evaluation

[0179] As described below, the display devices A-i to
A-vii, the display devices B-i to B-vii, the display devices
C-i to C-vii, the display devices D-i to D-vii, and the display
devices E-i to E-vii were evaluated. The results are shown in
Tables 2 to 6.

5-1. Blackout

[0180] The screen of the display device was made white or
substantially white. The screen was observed from various
angles via the polarized sunglasses, and it was visually
evaluated whether there is any part in which the screen
becomes dark.

[0181] O: There is no part in which the screen becomes
dark.

x: There is a part in which the screen becomes dark.

5-2. Rainbow Unevenness

[0182] The screen of the display device was made white or
substantially white. The screen was observed from various
angles via the polarized sunglasses, and it was visually
evaluated whether a rainbow pattern unevenness is visually
recognized.

[0183] O: A rainbow pattern is not visually recognized.
[0184] A: A rainbow pattern is slightly visually recog-
nized.

[0185] x: A rainbow pattern is visually recognized.

5-3. Color Reproducibility

[0186] The screen of the display device was made in color.
The screen was observed from the front through the polar-
ized sunglasses (state 1), and through a glass plate dyed the
same color as that of the polarized sunglasses placed on the
screen without the polarized sunglasses (state 2), and the
color reproducibility with polarized sunglasses was visually
evaluated.

[0187] Given 2 points for the case where the difference of
color between the state 1 and the state 2 (the difference of
color based on red) is not noticeable, 1 point for the case
where the difference of color between the state 1 and the
state 2 (the difference of color based on red) is slightly
noticeable, and 0 points for the case where the difference of
color between the state 1 and the state 2 (the difference of
color based on red) is very noticeable, 20 people made
evaluations, and the average point was calculated.

[0188] O: The average point is 1.7 or more
[0189] O: The average point ranges from 1.5 to less than
1.7
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[0190] A: The average point ranges from 1.0 to less than TABLE 3-continued
1.5
[0191] x: The average point is less than 1.0 Display Device
5-4. Sense of Presence of Moving Image B  Bui  Biii Biv Bw  Bwvi Bwii
[0.192] The screen of the dlspla}{ device was gbserved Blackout 6 0 060 0 0 0 0
without the polarized sunglasses while the screen displays a i
. . Rainbow Unevenness X X X X X X X
color moving image, and the sense of presence of the L
. . . Color Reproducibility X X X X X A A
moving image was visually evaluated.
. Sense of Presence of A A A A A A A
[0193] O: The sense of presence is felt strong. Moving Image
[0194] A: The sense of presence is felt. & mas
[0195] x: The sense of presence is unsatisfactory.
TABLE 2 TABLE 4
Display Device Display Device
A1 A-iD AL A-iv Av o Avi A-vii C-i  C-i  CHil C-iv C-v C-vi C-vii
Number of Bottom 0 0 0 1 1 2 2 Number of 1 1 2 3 2 3 5
Wavelengths of Bottom
Condition 2-1 Wavelengths of
Number of Peak 0 1 1 1 1 1 2 Condition 2-1
Wavelengths of Number of Peak 1 1 2 3 2 3 5
Condition 2-1 Wavelengths of
Condition 2-1 X X X O O O O Condition 2-1
Right-hand Side of 044 0.71 0.62 048 047 045 0.51 Condition 2-1 O O O O O O O
Condition 2-2 Right-hand Side  0.57 0.55 052 054 045 047 0.51
Condition 2-2 O O O O O O O of Condition 2-2
Number of Bottom 0 0 0 1 1 2 1 Condition 2-2 O O O O O O O
Wavelengths of Number of 1 1 2 2 2 3 4
Condition 2-3 Bottom
Number of Peak 0 1 1 1 1 1 2 Wavelengths of
Wavelengths of Condition 2-3
Condition 2-3 Number of Peak 1 1 2 2 2 3 4
Condition 2-3 X X X O O O O Wavelengths of
Right-hand Side of 038 0.77 0.66 046 049 045 0.54 Condition 2-3
Condition 2-4 Condition 2-3 O O O O O O O
Condition 2-4 X O O O O O O Right-hand Side 0.61 0.52 0.54 0.50 047 049 0.50
Blackout O O O O O O O of Condition 2-4
Rainbow X A O O O O O Condition 2-4 O O O O O O O
Unevenness Blackout O O O O O O O
Color X X X O O O © Rainbow O O O O O O O
Reproducibility Unevenness
Sense of Presence O O O O O O O Color O O © © © © ©
of Moving Image Reproducibility
Sense of X X X X X X X
Presence of
Moving Image
TABLE 3
Display Device
TABLE 5
B-i B-ii B-iii B-iv B-v  B-vi B-vii
Display Device
Number of Bottom 0 0 0 0 1 1 1
Wavelengths of D-i  D-ii D-ii D-iv. D-v  D-vi D-vii
Condition 2-1
Number of Peak 0 1 0 0 0 1 1 Number of Bottom 0 1 1 1 2 3 3
Wavelengths of Wavelengths of
Condition 2-1 Condition 2-1
Condition 2-1 X X X X X O O Number of Peak 1 1 1 2 1 2 3
Right-hand Side of 023 096 0.66 065 014 045 051 Wavelengths of
Condition 2-2 Condition 2-1
Condition 2-2 X O O O X O O Condition 2-1 X O O O O O O
Number of Bottom 0 0 0 0 1 0 0 Right-hand Side of 0.69 042 048 053 047 048 0.50
Wavelengths of Condition 2-2
Condition 2-3 Condition 2-2 O O O O O O O
Number of Peak 0 1 0 0 0 0 1 Number of Bottom 0 1 1 1 2 2 3
Wavelengths of Wavelengths of
Condition 2-3 Condition 2-3
Condition 2-3 X X X X X X X Number of Peak 1 1 1 1 1 2 3
Right-hand Side of 0.19 099 059 075 005 032 0.61 Wavelengths of
Condition 2-4 Condition 2-3
Condition 2-4 X O O O X X O Condition 2-3 X O O O O O O
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TABLE 5-continued

Display Device

D-ii  D-iii D-iv. D-v D-vi D-vii

Right-hand Side of
Condition 2-4
Condition 2-4
Blackout

Rainbow
Unevenness

Color
Reproducibility
Sense of Presence
of Moving Image

049 0.52 0.51

O O POO
o O 00O
o O 00O
O © 000
O © 000

TABLE 6

Display Device

E-i E-ii E-iii E-iv E-v  E-vi E-vii

Number of 0 0 0 1 1 1 2
Bottom

Wavelengths

of Condition 2-1

Number of 0 0 1 1 1 1 2
Peak
Wavelengths

of Condition 2-1
Condition 2-1
Right-hand

Side of
Condition 2-2
Condition 2-2
Number of
Bottom
Wavelengths

of Condition 2-3
Number of 0 0 1 1 1 1 2
Peak
Wavelengths

of Condition 2-3
Condition 2-3
Right-hand

Side of
Condition 2-4
Condition 2-4
Blackout
Rainbow
Unevenness
Color
Reproducibility
Sense of
Presence of
Moving Image

O
0.51

O
0.45

O
0.43

X
0.74

X

0.40 0.61 0.51

<
<
<
—_
—_
Ko
—_

0.80 049 045 044 0.55

MO

> 00
X 000
O 000
O 000
O 000
© 000

>
>
>
>
>
>

[0196] Referring to the results of Tables 1 to 6, in the
display devices satisfying the condition 1-1 and the condi-
tion 2-1 (the display devices A-iv to A-vii, the display
devices B-vi to B-vii, the display devices D-ii to D-vii, and
the display devices E-iv to E-vii), since the color gamut is
wide, excellent sense of presence for the moving image was
demonstrated, and the problem of the color reproducibility,
which tends to occur when the color gamut is wide, could
also be suppressed.

[0197] Additionally, among the display devices satisfying
the condition 1-1 and the condition 2-1, in the display
devices further satisfying the conditions 1-2 to 1-5 and
having the cover rate of BT. 2020 based on the CIE-xy
chromaticity diagram of 60% or more (the display devices
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A-iv to A-vii, the display devices D-ii to D-vii), more
excellent sense of presence for the moving image was
demonstrated.

[0198] In addition, among the display devices satisfying
the condition 1-1 and the condition 2-1, in the display
devices whose numbers of bottom wavelength and peak
wavelength of the condition 2-3 are each one or more (the
display devices A-iv to A-vii, D-ii to D-vii, E-iv to E-vii),
more excellent color reproducibility was demonstrated.
Among these, in the display devices whose numbers of
bottom wavelength and peak wavelength of the condition
2-1 are each two or more (the display devices A-vii, D-vi,
D-vii, E-vii), still more excellent color reproducibility was
demonstrated.

REFERENCE SIGNS LIST

[0199] 10: display element

[0200] 10a: organic EL display element
[0201] 20: optical film X

[0202] 30: other optical films

[0203] 40: polarizer a

[0204] 100: display device

1. A display device comprising a display element, and a
polarizer a and an optical film X on a surface on a light
emitting surface side of the display element, and satisfying
the following condition 1-1 and condition 2-1:

<Condition 1-1>

let L, represent light incident vertically on the optical
film X, among light incident on the optical film X
from a display element side; an intensity of the L, is
measured every 1 nm; it is assumed that a blue
wavelength band range from 400 nm to less than 500
nm, a green wavelength band range from 500 nm to
less than 600 nm, and a red wavelength band range
from 600 nm to 780 nm; let B, represent a maxi-
mum intensity of the blue wavelength band ofthe L,
G,,. represent a maximum intensity of the green
wavelength band of the L.,, and R,,,. represent a
maximum intensity of the red wavelength band of
the L,;

let L.,A; represent a wavelength showing the B
L, A represent a wavelength showing the G,
L, A represent a wavelength showing the R,,, .

let +a; represent a minimum wavelength showing %4 or
less of the intensity of the B,,, , and located in a plus
direction side of L;Az, -0 represent a maximum
wavelength showing 2 or less of the intensity of the
G,,..» and located in a minus direction side of LA,
+0.; represent a minimum wavelength showing 2 or
less of the intensity of the G, ., and located in a plus
direction side of LA, and —oj represent a maxi-
mum wavelength showing V2 or less of the intensity
of the R,,,., and located in a minus direction side of
L,Ag; and

L Ag, LiAg, L Ag, +05, —04, +a and —a satisfy the
following relationships (1) to (4),

maxs

and

+0z<Lihg

M
Likg<-ag ()]
+06<L hg

3

Lihg<-ag

s
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<Condition 2-1>
let L, represent light that emits vertically from the light
emitting surface side of the optical film X, and passes
through a polarizer b having an absorption axis
parallel to an absorption axis of the polarizer a; an
intensity of the L, is measured every 1 nm; a wave-
length at which an inclination of an optical spectrum
of the [, changes from negative to positive is
assumed to be a bottom wavelength, and a wave-
length at which the inclination of the optical spec-
trum of the L, switches from positive to negative is
assumed to be a peak wavelength;
let -4 represent a maximum wavelength showing %3 or
less of the intensity of the R, , and located in the
minus direction side of LAz, and +f; represent a
minimum wavelength showing %5 or less of the
intensity of the R, ., and located in a plus direction
side of L;A,; and
a wavelength band ranging from -f; to +p in the
range of 600 nm to 780 nm includes one or more
bottom wavelengths and one or more peak wave-
lengths.
2. The display device according to claim 1, wherein the
following condition 1-2 is satisfied:
<Condition 1-2>
based on an optical spectrum of L, obtained by the
measurement of the condition 1-1, an average value
B,,. of intensities of an optical spectrum in the blue
wavelength band, an average value G, of intensi-
ties of an optical spectrum in the green wavelength
band, and an average value R, of intensities of an
optical spectrum in the red wavelength band are
calculated; let B, represent a wavelength band in
which the intensities of L, continuously exceed B,
in the blue wavelength band, G, represent a wave-
length band in which the intensities of L; continu-
ously exceed G, in the green wavelength band, and
R, represent the wavelength band in which the inten-
sities of L., continuously exceed R, in the red
wavelength band; and the numbers of wavelength
bands indicating B,, G, and R, are all 1.
3. The display device according to claim 1, wherein the
following condition 1-3 is satisfied:
<Condition 1-3>
the +az, the -0, the +o; and the —oy satisty the
following relationships (5) to (6),

+05<-0g (5)

+0e<—0p (6).

4. The display device according to claim 1, wherein the
following condition 1-4 is satisfied:
<Condition 1-4>
let +f5 represent a minimum wavelength showing a %3
or less of the intensity of the B,,,,., and located in the
plus direction side of L;A5, —p 5 represent a maxi-
mum wavelength showing a V5 or less of the intensity
of the G,, ., and located in the minus direction side
of Lihg +Ps represent a minimum wavelength
showing a 5 or less of the intensity of the G,,,,., and
located in the plus direction side of LA, and -fz
represent a maximum wavelength showing a %4 or
less of the intensity of the R,,,,., and located in the
minus direction side of L, Az; and
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the +fz, the —ps, the +f5 and the —f, satisfy the
following relationships (7) to (8),

+Pz<-Pe M
+HBo<-Pr (8).

5. The display device according to claim 1, wherein the
following condition 1-5 is satisfied:
<Condition 1-5>
let L, .. represent the maximum intensity among the
B, the G,,,. and R,,,.; and B, /L. G
L,weand R, /L, are each 0.27 or more.
6. The display device according to claim 1, wherein the
following condition 2-2 is satisfied:
<Condition 2-2>

0.40<[a total intensity of the Z, in the wavelength
band ranging from -f4 to +P in the range of
600 nm to 780 nm/a total intensity of the Z, in
the wavelength band ranging from —pz to +fz
in the range of 600 nm to 780 nmy].

7. The display device according to claim 1, wherein the
following condition 2-3 is satisfied:
<Condition 2-3>
let —o, represent a maximum wavelength showing a %4
or less of the intensity of the R .., and located in the
minus direction side of L;A,, and +a, represent a
minimum wavelength showing a %2 or less of the
intensity of the R, , and located in the plus direc-
tion side of L;Az; and a wavelength band ranging
from —a to +0; in the range of 600 nm to 780 nm
includes one or more bottom wavelengths of the L,
and one or more peak wavelengths of the L.
8. The display device according to claim 1, wherein the
following condition 2-4 is satisfied:
<Condition 2-4>

0.40<[a total intensity of the Z, in the wavelength
band ranging from —ap to +05 in the range of
600 nm to 780 nm/a total intensity of the Z, in
the wavelength band ranging from -0 to +oz
in the range of 600 nm to 780 nmy].

9. The display device according to claim 1, wherein a
retardation value of the optical film X is 4,000 nm or more.

10. The display device according to claim 1, wherein the
optical film X comprises an optically transparent base mate-
rial exhibiting a positive birefringence property.

11. The display device according to claim 1, wherein the
optically transparent base material exhibiting the positive
birefringence property is a polyester film.

12. A method of selecting an optical film of a display
device comprising a display element, and a polarizer a and
the optical film on a surface on a light emitting surface side
of the display element, wherein, when light incident on the
optical film satisfies the following condition 1-1, the optical
film satisfying the following condition 2-1 is selected:

<Condition 1-1>

let L, represent light incident vertically on the optical
film X, among light incident on the optical film X
from a display element side; an intensity of the L, is
measured every 1 nm; it is assumed that a blue
wavelength band range from 400 nm to less than 500
nm, a green wavelength band range from 500 nm to
less than 600 nm, and a red wavelength band range
from 600 nm to 780 nm; let B, represent a maxi-
mum intensity of the blue wavelength band ofthe L,
G,,. represent a maximum intensity of the green
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wavelength band of the L,, and R, represent a
maximum intensity of the red wavelength band of
the L;;

let LA represent a wavelength showing the B, .,
L, A represent a wavelength showing the G, ., and
L, Ay represent a wavelength showing the R, ,.;

let +0,; represent a minimum wavelength showing %4 or
less of the intensity of the B,,,,., and located in a plus
direction side of LAz, —a, represent a maximum
wavelength showing V2 or less of the intensity of the
G,, .- and located in a minus direction side of LA,
+0.; represent a minimum wavelength showing 2 or
less of the intensity of the G, ., and located in a plus
direction side of L, and -0 represent a maximum
wavelength showing V2 or less of the intensity of the
R,,..» and located in a minus direction side of L, Az;
and

L Ag, LiAg, LAz, +05, —04, +a and —oy satisfy the
following relationships (1) to (4),

+ap<Lihe (6]
Lihp<-ag ()]
+0e<Lihg 3

Lihg<-ag @)

Jan. 10, 2019

<Condition 2-1>

let L, represent light that emits vertically from the light
emitting surface side of the optical film X, and passes
through a polarizer b having an absorption axis
parallel to an absorption axis of the polarizer a; an
intensity of the L, is measured every 1 nm; a wave-
length at which an inclination of an optical spectrum
of the [, changes from negative to positive is
assumed to be a bottom wavelength, and a wave-
length at which the inclination of the optical spec-
trum of the L, switches from positive to negative is
assumed to be a peak wavelength;

let -4 represent a maximum wavelength showing %3 or
less of the intensity of the R,,,., and located in the
minus direction side of L, A;, and +8; represent a
minimum wavelength showing %5 or less of the
intensity of the R, ., and located in a plus direction
side of L, Ag; and

a wavelength band ranging from -f; to +f; in the
range of 600 nm to 780 nm includes one or more
bottom wavelengths and one or more peak wave-
lengths.



