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DISPLAY DEVICE AND APPARATUS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a Continuation of International 
Patent Application No. PCT / JP2020 / 043558 , filed Nov. 24 , 
2020 , which claims the benefit of Japanese Patent Applica 
tion No. 2019-216772 filed Nov. 29 , 2019 and No. 2020 
161443 filed Sep. 25 , 2020 , which are hereby incorporated 
by reference herein in their entirety . 

TECHNICAL FIELD 
a 

[ 0002 ] The present invention relates to a display device . 
BACKGROUND ART 

range of greater than or equal to 650 nm and less than or 
equal to 700 nm , the second type unit exhibits a maximum 
luminance at a second wavelength in a range of greater than 
or equal to 500 nm and less than 600 nm , and a highest 
spectral radiance of the first type unit at the first wavelength 
is higher than a highest spectral radiance of the second type 
unit at the second wavelength . 
[ 0011 ] A third aspect of the present disclosure is a display 
device configured to perform display in a plurality of display 
units by using a light source . In the display device , the 
plurality of display units include a first type unit and a 
second type unit having different structures ; the first type 
unit exhibits a maximum luminance at a first wavelength in 
a range of greater than or equal to 650 nm and less than or 
equal to 700 nm ; the second type unit exhibits a maximum 
luminance at a second wavelength in a range of greater than 
or equal to 480 nm and less than 650 nm ; the first type unit 
exhibits a spectral radiance of greater than or equal to 
1 / ( 683 * VAL ) ) [ W / sr / m / nm ) at the first wavelength , where 
AL [ nm ] is the first wavelength and VaL ) is a standard 
spectral luminous efficiency for photopic vision at the first 
wavelength ; and the second type unit exhibits a spectral 
radiance of greater than or equal to 5 / ( 683 * V ( AS ) ) [ W / sr / 
m ? / nm ] at the second wavelength , where as [ nm ] is the 
second wavelength and Vas ) is a standard spectral lumi 
nous efficiency for photopic vision at the second wave 
length . 
[ 0012 ] Further features of the present invention will 
become apparent from the following description of exem 
plary embodiments with reference to the attached drawings . 

[ 0003 ] Color vision that many humans have is referred to 
as normal color vision . Color vision that a few humans have , 
and that differs from normal color vision , is referred to as 
abnormal color vision . People with abnormal color vision 
( colorblind people ) are said to be at least 1 % ( e.g. , about 3 % ) 
of the world's population . It is not always easy for color 
blind people to distinguish colors . 
[ 0004 ] Patent Literature 1 discloses an image display 
device that reduces variation in color perception among 
individuals with different color matching functions . 
[ 0005 ] Patent Literature 2 discloses an electronic water 
mark information display device that provides electronic 
watermark display to prevent unauthorized copies from 
being made by taking an image again . 
[ 0006 ] The image display device disclosed in Patent Lit 
erature 1 and the information display device disclosed in 
Patent Literature 2 are not thoroughly thought out about 
allowing colorblind people to easily distinguish colors . 

BRIEF DESCRIPTION OF DRAWINGS 

CITATION LIST 

Patent Literature 

[ 0007 ] PTL 1 Japanese Patent Laid - Open No. 2014 
174361 
[ 0008 ] PTL 2 Japanese Patent Laid - Open No. 2003 
304508 

SUMMARY OF INVENTION a 

a 

[ 0013 ] FIG . 1A is a schematic diagram for explaining a 
display device and an apparatus . 
[ 0014 ] FIG . 1B is a schematic diagram for explaining the 
display device and the apparatus . 
[ 0015 ] FIG . 1C is a schematic diagram for explaining the 
display device and the apparatus . 
[ 0016 ] FIG . 2A is a schematic diagram for explaining the 
display device . 
[ 0017 ] FIG . 2B is a schematic diagram for explaining the 
display device . 
[ 0018 ] FIG . 3A is a schematic diagram for explaining the 
display device and the apparatus . 
[ 0019 ] FIG . 3B is a schematic diagram for explaining the 
display device and the apparatus . 
[ 0020 ] FIG . 3C is a schematic diagram for explaining the 
display device and the apparatus . 
[ 0021 ] FIG . 3D is a schematic diagram for explaining the 
display device and the apparatus . 
[ 0022 ] FIG . 4 is a schematic diagram for explaining the 
display device . 
[ 0023 ] FIG . 5A is a schematic diagram for explaining the 
display device . 
[ 0024 ] FIG . 5B is a schematic diagram for explaining the 
display device . 
[ 0025 ] FIG . 5C is a schematic diagram for explaining the 
display device . 
[ 0026 ] FIG . 5D is a schematic diagram for explaining the 
display device . 
[ 0027 ] FIG . 5E is a schematic diagram for explaining the 
display device . 
[ 0028 ] FIG . 6A is a schematic diagram for explaining the 
display device . 

[ 0009 ] Accordingly , an object of the present invention is to 
provide a display device that allows a colorblind person to 
easily distinguish colors . A first aspect of the present dis 
closure is a display device configured to perform display in 
a plurality of display units by using a light source . In the 
display device , the plurality of display units include a first 
type unit and a second type unit , a peak wavelength of the 
first type unit is a first wavelength in a range of greater than 
or equal to 650 nm and less than or equal to 700 nm , a peak 
wavelength of the second type unit is a second wavelength 
in a range of greater than or equal to 520 nm and less than 
650 nm , and the first type unit and the second type unit 
exhibit a luminance of greater than or equal to 0.04 cd / m² . 
[ 0010 ] A second aspect of the present disclosure is a 
display device configured to perform display in a plurality of 
display units by using an electroluminescent light source . In 
the display device , the plurality of display units include a 
first type unit and a second type unit , the first type unit 
exhibits a maximum luminance at a first wavelength in a 

a 

a 
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First Embodiment 

a 

a 

a 

a 

[ 0029 ] FIG . 6B is a schematic diagram for explaining the 
display device . 
[ 0030 ] FIG . 6C is a schematic diagram for explaining the 
display device . 
[ 0031 ] FIG . 7 is a schematic diagram for explaining the 
display device . 
[ 0032 ] FIG . 8 is a schematic diagram for explaining the 
display device . 
[ 0033 ] FIG . 9A is a schematic diagram for explaining the 
display device . 
[ 0034 ] FIG . 9B is a schematic diagram for explaining the 
display device . 
[ 0035 ] FIG . 9C is a schematic diagram for explaining the 
display device . 
[ 0036 ] FIG.9D is a schematic diagram for explaining the 
display device . 
[ 0037 ] FIG . 9E is a schematic diagram for explaining the 
display device . 
[ 0038 ] FIG . 9F is a schematic diagram for explaining the 
display device . 
[ 0039 ] FIG . 10 is a schematic diagram for explaining the 
display device . 
[ 0040 ] FIG . 11A is a schematic diagram for explaining the 
display device . 
[ 0041 ] FIG . 11B is a schematic diagram for explaining the 
display device . 
[ 0042 ] FIG . 11C is a schematic diagram for explaining the 
display device . 
[ 0043 ] FIG . 11D is a schematic diagram for explaining the 
display device . 
[ 0044 ] FIG . 11E is a schematic diagram for explaining the 
display device . 
[ 0045 ] FIG . 11F is a schematic diagram for explaining the 
display device . 
[ 0046 ] FIG . 116 is a schematic diagram for explaining the 
display device . 
[ 0047 ] FIG . 11H is a schematic diagram for explaining the 
display device . 
[ 0048 ] FIG . 12A is a schematic diagram for explaining 
human vision . 
[ 0049 ] FIG . 12B is a schematic diagram for explaining 
human vision . 
[ 0050 ] FIG . 12C is a schematic diagram for explaining 
human vision . 
[ 0051 ] FIG . 12D is a schematic diagram for explaining 
human vision . 
[ 0052 ] FIG . 13A is a schematic diagram for explaining the 
display device . 
[ 0053 ] FIG . 13B is a schematic diagram for explaining the 
display device . 

[ 0055 ] FIG . 1A illustrates an example of an apparatus 
EQP that includes a display device 1. The display device 1 
includes an element unit 10 for performing display . The 
display device 1 includes at least one of a light source 11 and 
a light source 12. The light source 11 and the light source 12 
are used to perform display intended by the display device 
1. The light source 11 constitutes a part of the element unit 
10. The light source 12 is a component separate from the 
element unit 10. For example , the light source 12 does not 
need to be provided when the element unit 10 includes the 
light source 11. For example , the light source 12 is provided 
when the element unit 10 does not include the light source 
11 . 
[ 0056 ] The display device 1 may include a drive unit 60 
that sends a drive signal DRV to the element unit 10. The 
display device 1 may include a power supply unit 70 that 
supplies power to the element unit 10 and the drive unit 60 . 
The display device 1 may include a controller 40 that sends 
a control signal CTRL for controlling the drive unit 60. The 
apparatus EQP including the display device 1 may include 
a signal generating device 2 that sends an image signal SIG 
to the display device 1. The apparatus EQP may include an 
information generating device 3 that generates image infor 
mation IMG on which the image signal SIG generated by the 
signal generating device 2 is based . The signal generating 
device 2 may include , for example , a computing unit , such 
as a graphics processing unit ( GPU ) . The information gen 
erating device 3 may include , for example , a computing unit , 
such as a central processing unit ( CPU ) . The devices 1 , 2 , 
and 3 may each include a memory unit where appropriate . 
The configuration of the display device 1 and the apparatus 
EQP is not limited to this . Some components may be 
removed or other components may be added . 
[ 0057 ] FIG . 1B schematically illustrates an image 15 
displayed by the element unit 10 and / or the display device 
1. The element unit 10 includes a plurality of elements 110 . 
The plurality of elements 110 may include a type a element 
111 and a type B element 112. The plurality of elements 110 
may also include a type y element 113 and a type d element 
114. The plurality of elements 110 include four types of 
elements in this example , and may include at least two types 
of elements . The plurality of elements 110 may include a 
type ? element ( not shown ) , as well as the four types of 
elements 111 , 112 , 113 , and 114. The plurality of elements 
110 may include five or more types of elements 110 . 
[ 0058 ] As illustrated in FIG . 1B and FIG . 1C , the image 15 
displayed by the display device 1 includes a plurality of 
pixels 120. The plurality of pixels 120 may include a type a 
pixel 121 and a type B pixel 122. The plurality of pixels 120 
may also include a type y pixel 123 and a type d pixel 124 . 
The plurality of pixels 120 may include at least two types of 
pixels . The plurality of pixels 120 include four types of 
pixels in this example . The plurality of pixels 120 may 
include a type E pixel ( not shown ) , as well as the four types 
of pixels 121 , 122 , 123 , and 124. The plurality of pixels 120 
may include five or more types of pixels 120. The image 15 
illustrated in FIG . 1B includes a plurality of types of pixels 
120 in one screen . On the other hand , the image 15 illus 
trated in FIG . 1C is constituted by a plurality of screens , 
each having pixels 120 of the same type alone . 
[ 0059 ] The element 110 and the pixel 120 may be collec 
tively referred to as a display unit 100. That is , a plurality of 
display units 100 are a plurality of elements 110 and / or a 

a 

a 

DESCRIPTION OF EMBODIMENTS 

[ 0054 ] Hereinafter , embodiments of the present invention 
will be described with reference to the drawings . In the 
following description and drawings , the same components 
appearing in a plurality of drawings are denoted by the same 
reference numerals . The same components will therefore be 
described by cross - reference to the plurality of drawings , 
and the description of the components denoted by the same 
reference numerals will be omitted where appropriate . 
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integrated radiance Le defined as a radiant quantity . The 
photometric quantity is expressed by multiplying the radiant 
quantity by a spectral luminous efficiency and integrating 
the resulting values over the wavelength range from the 
wavelength amin to the wavelength 2max . The unit of the 
integrated photometric luminance Lv is “ cd / m2 ” or “ nt ” , or 
may be expressed as " Im / sr / m2 " . The integrated photometric 
luminance Lv is typically referred to as “ luminance ” , but is 
referred to as the integrated photometric luminance Lv in the 
following description , in distinction from the spectral radi 
ance L ( a ) or the integrated radiance Le . The relation 
between the integrated photometric luminance Lv and the 
spectral radiance L ( a ) is given by equation ( 3 ) below . 

2 

V = max ( 3 ) Lv = Km * L ( 1 ) * V ( A ) da 
JA = min 

plurality of pixels 120. For example , one display unit 100 is 
one of the plurality of elements 110. For example , one 
display unit 100 is one of the plurality of pixels 120. Of the 
plurality of display units 100 , a type a unit 101 is the type 
a element 111 and / or the type a pixel 121. Of the plurality 
of display units 100 , a type B unit 102 is the type B element 
112 and / or the type B pixel 122. Of the plurality of display 
units 100 , a type y unit 103 is the type y element 113 and / or 
the type y pixel 123. Of the plurality of display units 100 , a 
type d unit 104 is the type d element 114 and / or the type a 
pixel 124. Of the plurality of display units 100 , a type & unit 
is the type ? element and / or the type ? pixel . 
[ 0060 ] The display units 100 and the elements 110 and / or 
pixels 120 are categorized into different types by the wave 
length of exhibited light . Light exhibited by the display units 
100 of each type has a predetermined spectral characteristic . 
[ 0061 ] First , a spectral radiance characteristic will be 
described . The spectral radiance characteristic is a relation 
between the wavelength and the spectral radiance , and the 
spectral radiance with respect to any wavelength 2 serving 
as a variable is defined by a function La ) of the wavelength 
^ [ nm ] . For example , the display unit 100 exhibits a prede 
termined spectral radiance L ( A ) at a specific wavelength 1 
( 2 = A ) . Since the spectral radiance is a radiant quantity per 
specific wavelength , the unit of the spectral radiance L ( a ) is 
[ W / sr / m² / nm ] . The unit of the spectral radiance L ( 2 ) may be 
abbreviated as [ W / sr / m² ] . The display unit 100 may also 
exhibit light of a wavelength different from the specific 
wavelength , and light exhibited by the display unit 100 
may include light of a plurality of wavelengths in a prede 
termined wavelength band from a wavelength amin to a 
wavelength 2max . In this case , the total radiance of the light 
of all wavelengths in the predetermined wavelength band , 
exhibited by the display unit 100 , is referred to as integrated 
radiance Le . The unit of the integrated radiance Le is 
[ W / sr / m² ] . The integrated radiance Le is typically referred to 
as “ radiance ” , but is referred to as integrated radiance in the 
following description , in distinction from the spectral radi 
ance L ( a ) . The relation between the integrated radiance Le 
and the spectral radiance L ( a ) is given by equation ( 1 ) 
below . 

a 

[ 0064 ] Note that V ( a ) is a standard spectral luminous 
efficiency for photopic vision and a function of the wave 
length . V ( a ) has a value greater than or equal to 0 and less 
than or equal to 1. The standard spectral luminous efficiency 
V ( a ) is also referred to as a standard relative luminosity . Km 
is a maximum luminous efficacy and a value ( Km = 683 
[ lm / W ] ) that associates the photometric quantity with the 
radiant quantity at a wavelength ( N = 555 nm ) where V ( ̂  ) = 1 . 
The wavelength band for determining the integrated photo 
metric luminance Lv is specifically a visible light range , and 
amin is from 360 nm to 380 nm and amax is from 750 nm 
to 830 nm . When the predetermined wavelength band is 
from 360 nm to 830 nm , the relation between the integrated 
photometric luminance Lv and the spectral radiance L ( a ) is 
given by equation ( 4 ) below . 

( 4 ) = 830nm 
Lv = 683 * L ( A ) * Valda 

Ja = 360nm 

( 1 ) CA = max 
Les 

JA = Amin 
Lada 

[ 0062 ] The wavelength band for determining the inte 
grated radiance Le is specifically a visible light range , and 
amin is from 360 nm to 380 nm and a max is from 750 nm 
to 830 nm . When the predetermined wavelength band is 
from 360 nm to 830 nm , the relation between the integrated 
radiance Le and the spectral radiance L ( a ) is given , for 
example , by equation ( 2 ) below . 

[ 0065 ] A spectral photometric luminance characteristic 
exhibited by the display unit 100 will now be described . The 
spectral photometric luminance characteristic is a relation 
between the wavelength and the spectral photometric lumi 
nance , and the spectral photometric luminance with respect 
to any wavelength à serving as a variable is defined by a 
function F ( a ) of the wavelength a The display unit 100 
exhibits a predetermined spectral photometric luminance 
F ( A ) at a specific wavelength 1 ( 2 = 1 ) . The spectral 
photometric luminance F ( a ) is a physical quantity obtained 
by assigning the weight of the impact of radiation of light in 
the visible light range on human vision to the spectral 
radiance L ( a ) defined as a radiant quantity . Since the spec 
tral photometric luminance is a photometric quantity per 
specific wavelength , the unit of the spectral photometric 
luminance F ( a ) is ( cd / m² / nm ] . The unit of the spectral 
photometric luminance F ( 2 ) may be abbreviated as ( cd / m² ] . 
When the unit ( cd / m² ) is used in association with a specific 
wavelength in the following description , the unit ( cd / m² ) 
used to express the spectral photometric luminance may be 
read as ( cd / m² / nm ) on the assumption that the unit ( cd / m² ) 
is used to express the spectral photometric luminance . On 
the other hand , when the unit [ cd / m² ] is used in the follow 
ing description , if the unit [ cd / m² ] is used to express the 
integrated photometric luminance , it will be described 

( 2 ) Y = 830nm 
Le = Lada 

J2 = 360nm 

[ 0063 ] An integrated photometric luminance Lv exhibited 
by the display unit 100 will now be described . The integrated 
photometric luminance Lv is a photometric quantity 
obtained by assigning the weight of the impact of radiation 
of light in the visible light range on human vision to the 
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accordingly . The relation between the spectral photometric 
luminance Fa ) and the spectral radiance L ( a ) is given by 
equation ( 5 ) below . 

F ( 1l ) = 683 * L ( 1 ) * V ( 1 ) ( 5 ) 

[ 0066 ] As can be seen from equations ( 3 ) and ( 4 ) and 
equation ( 5 ) , the spectral photometric luminance F ( 2 ) is an 
indefinite integral of the spectral radiance La ) . 
[ 0067 ] When the display unit 100 having a predetermined 
spectral characteristic exhibits the spectral radiance L ( 1 ) at 
the wavelength A , the integrated radiance Le of the display 
unit 100 is greater than or equal the spectral radiance 
L ( 1 ) ( Le > L ( A ) ) . That is , exhibiting the spectral radiance 
L ( A ) or greater at the wavelength / is a sufficient condition 
that the integrated radiance Le of the display unit 100 is 
greater than or equal to L ( A ) . The relation Le = L ( 1 ) is 
satisfied when the spectral radiance L ( a ) = 0 holds true for all 
the wavelengths except the wavelength / , that is , when the 
display unit 100 exhibits light of only a single wavelength . 
When the display unit 100 having a predetermined spectral 
characteristic exhibits the spectral photometric luminance 
F ( A ) at the wavelength 1 , the integrated photometric lumi 
nance Lv of the display unit 100 is greater than or equal to 
the spectral photometric luminance F ( 1 ) ( Lv > F ( \ ) ) . That 
is , exhibiting the spectral photometric luminance F ( 1 ) or 
greater at the wavelength 1 is a sufficient condition that the 
integrated photometric luminance Lv of the display unit 100 
is greater than or equal to F ( A ) . The relation Lv = F ( A ) is 
satisfied when the spectral photometric luminance F ( 2 ) = 0 
holds true for all wavelengths except the wavelength , that 
is , when the display unit 100 exhibits light of only a single 
wavelength . 
[ 0068 ] In the light of the description above , when the 
spectral radiance L ( A ) is exhibited at the wavelength 1 , it 
can be seen from equation ( 5 ) that the integrated photomet 
ric luminance Lv of the display unit 100 is greater than or 
equal to 683 * L ( A ) * V ( A ) ( Lv2683 * L ( A ) * V ( A ) ) . That is , 
exhibiting the spectral radiance L ( N ) or greater at the 
wavelength 1 is a sufficient condition that the integrated 
photometric luminance Lv of the display unit 100 is greater 
than or equal to 683 * L ( A ) * V ( A ) . 
[ 0069 ] When the spectral photometric luminance F ( a ) is 
exhibited at the wavelength athe spectral radiance L ( a ) at 
the wavelength à can be determined by the following 
equation ( 6 ) obtained by modifying equation ( 5 ) . By thus 
using equation ( 5 ) or equation ( 6 ) , the spectral radiance La ) 
and the spectral photometric luminance F ( 2 ) can be con 
verted to each other . When the spectral photometric lumi 
nance F ( a ) is described by using the unit ( cd / m² ] or [ cd / 
? ] m / nm ) in the following description , the spectral 
photometric luminance F ( 2 ) may be converted to the spec 
tral radiance L ( 2 ) by using equation ( 5 ) or equation ( 6 ) . 

to F ( ̂  ) / ( 683 * V ( ̂  ) ) [ W / sr / m² / nm ] . In other words , when 
spectral radiance at the wavelength [ nm ] is greater than or 
equal to F ( A ) / ( 683 * V ( A ) [ W / sr / m² / nm ) , the integrated 
photometric luminance Lv greater than or equal to F ( 1 ) 
[ cd / m² ] can be achieved regardless of whether the light is of 
single wavelength . Referring to the graph of FIG . 13A , the 
horizontal axis represents the wavelength ? . The vertical 
axis on the right side of the graph of FIG . 13A ( linear axis ) 
represents the standard spectral luminous efficiency V ( a ) for 
photopic vision . The vertical axis on the left side of the 
graph of FIG . 13A ( logarithmic axis ) represents the spectral 
radiance L ( a ) . The graph of FIG . 13A shows the spectral 
radiance L ( a ) = 0.04 / ( 683 * V ( a ) ) obtained by substituting the 
spectral photometric luminance F ( a ) = 0.04 cd / m² into equa 
tion ( 6 ) . Similarly , the graph of FIG . 13A shows the spectral 
radiance L ( 2 ) = 1 / ( 683 * V ( ) ) obtained by substituting the 
spectral photometric luminance F ( X ) = 1 cd / m² into equation 
( 6 ) , and the spectral radiance L ( a ) = 5 / ( 683 * V ( 2 ) ) obtained 
by substituting the spectral photometric luminance F ( 2 ) = 5 
cd / m² into equation ( 6 ) . 
[ 0071 ] For example , the standard spectral luminous effi 
ciency V ( a ) at a wavelength of 600 nm is 0.69 . Substituting 
F ( a ) = 5 and V ( ̂  ) = 0.69 into equation ( 6 ) yields 5 / ( 683 * 0.69 ) 
-0.011 . Accordingly , to achieve the integrated photometric 
luminance Lv greater than or equal to 5 cd / m² with light of 
a single wavelength of 600 nm alone , the spectral radiance 
at a wavelength of 600 nm needs to be greater than or equal 
to 0.011 W / sr / m² / nm . In other words , if the spectral radiance 
at a wavelength of 600 nm is simply greater than or equal to 
0.011 W / sr / m² / nm , the integrated photometric luminance Lv 
greater than or equal to 5 cd / m² can be achieved regardless 
of whether the light is of single wavelength . Also , for 
example , the standard spectral luminous efficiency V ( a ) at a 
wavelength of 650 nm is 0.12 . Substituting F ( a ) = 1 and 
V ( A ) = 0.12 into equation ( 6 ) yields 1 / ( 683 * 0.12 ) -0.0123 . To 
achieve the integrated photometric luminance Lv greater 
than or equal to 1 cd / m2 with light of a single wavelength of 
650 nm alone , the spectral radiance at a wavelength of 650 
nm needs to be greater than or equal to 0.0123 W / sr / m² / nm . 
In other words , if the spectral radiance at a wavelength of 
650 nm is simply greater than or equal to 0.0123 W / sr / m²1 

the integrated photometric luminance Lv greater than or 
equal to 1 cd / m² can be achieved regardless of whether the 
light is of single wavelength . Also , for example , the standard 
spectral luminous efficiency V ( a ) at a wavelength of 700 nm 
is 0.0042 . Substituting F ( 2 ) = 0.04 and V ( ̂ ) = 0.0042 into 
equation ( 6 ) yields 0.04 / ( 683 * 0.0042 ) -0.014 . To achieve the 
integrated photometric luminance Lv greater than or equal to 
0.04 cd / m² with light of a single wavelength of 700 nm 
alone , the spectral radiance at a wavelength of 700 nm needs 
to be greater than or equal to 0.014 W / sr / m² / nm . In other 
words , if the spectral radiance at a wavelength of 700 nm is 
simply greater than or equal to 0.014 W / sr / m² / nm , the 
integrated photometric luminance Lv greater than or equal to 
0.04 cd / m² can be achieved regardless of whether the light 
is of single wavelength . 
[ 0072 ] Similarly , if the spectral radiance at a wavelength 
of 520 nm is greater than or equal to 0.0001 W / sr / m² / nm , the 
integrated photometric luminance Lv greater than or equal to 
0.04 cd / m² can be achieved . If the spectral radiance at a 
wavelength of 600 nm is greater than or equal to 0.0001 
W / sr / m² / nm , the integrated photometric luminance Lv 
greater than or equal to 0.04 cd / m² can be achieved . If the 
spectral radiance at a wavelength of 650 nm is greater than 

nm , 

L ( 1 ) = F ( 1 ) / ( 683 * V ( A ) ) ... ( 6 ) 

[ 0070 ] To achieve the integrated photometric luminance 
Lv greater than or equal to F ( \ ) [ cd / m² ] with light of the 
single wavelength 1 [ nm ] alone , the spectral radiance L ( 4 ) 
at the wavelength 1 [ nm ] needs to be greater than or equal 
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or equal to 0.0005 W / sr / m² / nm , the integrated photometric 
luminance Lv greater than or equal to 0.04 cd / m² can be 
achieved . Also , if the spectral radiance at a wavelength of 
480 nm is greater than or equal to 0.082 W / sr / m² / nm , the 
integrated photometric luminance Lv greater than or equal to 
1 cd / m² can be achieved . If the spectral radiance at a 
wavelength of 600 nm is greater than or equal to 0.0021 
W / sr / mº / nm , the integrated photometric luminance Lv 
greater than or equal to 1 cd / m² can be achieved . If the 
spectral radiance at a wavelength of 700 nm is greater than 
or equal to 0.3489 W / sr / m² / nm , the integrated photometric 
luminance Lv greater than or equal to 1 cd / m² can be 
achieved . If the spectral radiance at a wavelength of 480 nm 
is greater than or equal to 0.041 W / sr / m² / nm , the integrated 
photometric luminance Lv greater than or equal to 5 cd / m² 
can be achieved . If the spectral radiance at a wavelength of 
520 nm is greater than or equal to 0.010 W / sr / m² / nm , the 
integrated photometric luminance Lv greater than or equal to 
5 cd / m² can be achieved . If the spectral radiance at a 
wavelength of 650 nm is greater than or equal to 0.061 
W / sr / m² / nm , the integrated photometric luminance Lv 
greater than or equal to 5 cd / m² can be achieved . 
[ 0073 ] FIG . 2A shows a spectral characteristic L of the 
luminance of light exhibited by the type a unit 101 ( type a 
element 111 and / or type a pixel 121 ) . The type a unit 101 
exhibits a maximum luminance PL greater than or equal to 
0.04 cd / m² at a wavelength NL in a range of greater than or 
equal to 650 nm and less than or equal to 700 nm . That is , 
the wavelength - luminance characteristic ( spectral lumi 
nance characteristic ) of the type a unit 101 is characterized 
in that the luminance monotonously increases as the wave 
length increases from the wavelength aL - Aì toward the 
wavelength al , whereas the luminance monotonously 
decreases as the wavelength increases from the wavelength 
al toward the wavelength QL + A2 . When the wavelength is 
assumed to increase , the luminance on the rise starts to 
decrease at the wavelength aL . Note that since luminance at 
a wavelength outside the vicinity of the wavelength NL may 
be any value , FIG . 2A only shows the spectral luminance 
characteristic at and around the wavelength NL and does not 
show luminance at wavelengths outside the vicinity of the 
wavelength XL . 
[ 0074 ] In FIG . 2A , which shows a spectral luminance 
characteristic , the axis on the left gives the spectral lumi 
nance characteristic represented by spectral photometric 
luminance , and the axis on the right gives the spectral 
luminance characteristic represented by spectral radiance . 
Note that the standard spectral luminous efficiency VL ) 
for photopic vision at the wavelength aL in a range of 
greater than or equal to 650 nm and less than or equal to 700 
nm is applicable to FIG . 2A when V ( AL ) = 0.05 is used as a 
typical example , but the value of the maximum luminance 
PL is applicable even when VaL ) is not 0.05 . 
[ 0075 ] The maximum luminance PL simply needs to be 
greater than or equal to 0.04 cd / m² . In this case , the 
integrated photometric luminance of the type a unit 101 is 
greater than or equal to 0.04 cd / m² . When the maximum 
luminance PL at the wavelength Nis greater than or equal to 
0.04 cd / m² in terms of spectral photometric luminance , the 
spectral radiance at the wavelength aL is greater than or 
equal to 0.04 / ( 683 * V ( AL ) ) [ W / sr / m² / nm ) . Although the 
maximum luminance PL may be less than 1 cd / m² , it is 
preferable that the maximum luminance PL be greater than 
or equal to 1 cd / m² . In this case , the integrated photometric 

luminance of the type a unit 101 is greater than or equal to 
1 cd / m² . When the maximum luminance PL at the wave 
length aL is greater than or equal to 1 cd / m² in terms of 
spectral photometric luminance , the spectral radiance at the 
wavelength his greater than or equal to 1 / ( 683 * V ( AL ) ) 
[ W / sr / m² / nm ) . Although the maximum luminance PL may 
be less than 5 cd / m² , it is preferable that the maximum 
luminance PL be greater than or equal to 5 cd / m² . In this 
case , the integrated photometric luminance of the type a unit 
101 is greater than or equal to 5 cd / m2 . When the maximum 
luminance PL at the wavelength NL is greater than or equal 
to 5 cd / m² in terms of spectral photometric luminance , the 
spectral radiance at the wavelength NL is greater than or 
equal to 5 / ( 683 * V ( L ) ) [ W / sr / mº / nm ) . Although the maxi 
mum luminance PL may be less than 35 cd / m² , the maxi 
mum luminance PL is more preferably greater than or equal 
to 35 cd / m² . In this case , the integrated photometric lumi 
nance of the type a unit 101 is greater than or equal to 35 
cd / m² . Although the maximum luminance PL may be less 
than 100 cd / m² , the maximum luminance PL is still more 
preferably greater than or equal to 100 cd / m² . In this case , 
the integrated photometric luminance of the type a unit 101 
is greater than or equal to 100 cd / m² . Although the maxi 
mum luminance PL may be greater than or equal to 1000 
cd / m² , the maximum luminance PL may be less than 1000 
cd / m² . The integrated photometric luminance of the type a 
unit 101 may be less than 1000 cd / m² in terms of spectral 
photometric luminance . Although the maximum luminance 
PL may be greater than or equal to 500 cd / m² , the maximum 
luminance PL may be less than 500 cd / m² . The integrated 
photometric luminance of the type a unit 101 may be less 
than 500 cd / m2 in terms of spectral photometric luminance . 
The type a unit 101 may exhibit the maximum luminance 
PL greater than or equal to 5 cd / m² at the wavelength aL in 
a range of greater than or equal to 600 nm ( preferably greater 
than or equal to 650 nm ) and less than or equal to 700 nm . 
The maximum luminance PL may be a peak luminance 
exhibited by the type a unit 101. Here , the peak luminance 
is the highest value ( maximum value ) of luminance in the 
spectral characteristic of a given display unit 100. The 
maximum wavelength NL may be a peak wavelength of the 
type a unit 101. Here , the peak wavelength is the wave 
length of light exhibiting a peak luminance in the range 
( spectrum distribution ) of light exhibited by the display unit 
100 having a predetermined wavelength - luminance charac 
teristic ( spectral luminance characteristic ) . Accordingly , at 
wavelengths outside the peak wavelength , the display unit 
100 has a luminance less than the peak luminance . The term 
" dominant wavelength ” has a meaning different from “ peak 
wavelength ” . The dominant wavelength is a wavelength 
corresponding to a color perceived when the eye actually 
sees light produced by combining light of a plurality of 
wavelengths in the range of light exhibited by the display 
unit 100 having a predetermined spectral luminance char 
acteristic . That is , the dominant wavelength is determined in 
accordance with the spectrum distribution of light exhibited 
by the display unit 100. The peak wavelength may differ 
from the dominant wavelength with the same spectral lumi 
nance characteristic . The peak wavelength is associated with 
the spectrum distribution of a radiant quantity ( spectral 
radiance La ) ) , and the dominant wavelength is associated 
with the spectrum distribution of a photometric quantity 
( spectral photometric luminance F ( a ) ) . Accordingly , the 
peak wavelength and the peak luminance are defined by the 

2 
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spectrum distribution of spectral radiance . However , the 
peak luminance can be expressed by spectral radiance , and 
can also be expressed by spectral photometric luminance 
using equation ( 5 ) as described above . 
[ 0076 ] FIG . 2B shows a spectral characteristic S of the 
luminance of light exhibited by the type ß unit 102 ( type B 
element 11 and / or type ( ß pixel 122 ) . The type ß unit 102 
exhibits a maximum luminance PS greater than or equal to 
0.04 cd / m² at a wavelength as in a range of greater than or 
equal to 400 nm and less than 650 nm . That is , the wave 
length - luminance characteristic of the type B unit 102 is 
characterized in that the luminance monotonously increases 
as the wavelength increases from the wavelength aS - A 
toward the wavelength às , whereas the luminance monoto 
nously decreases as the wavelength increases from the 
wavelength as toward the wavelength 2S + A2 . When the 
wavelength is assumed to increase , the luminance on the rise 
starts to decrease at the wavelength as . Note that since 
luminance at a wavelength outside the vicinity of the wave 
length 2S may be any value , FIG . 2B only shows the spectral 
luminance characteristic at and around the wavelength AS 
and does not show luminance at wavelengths outside the 
vicinity of the wavelength as . 
[ 0077 ] In FIG . 2B , which shows a spectral luminance 
characteristic , the axis on the left gives the spectral lumi 
nance characteristic represented by spectral photometric 
luminance , and the axis on the right gives the spectral 
luminance characteristic represented by spectral radiance . 
Note that the standard spectral luminous efficiency V ( as ) for 
photopic vision at the wavelength NL in a range of greater 
than or equal to 400 nm and less than or equal to 650 nm is 
applicable to FIG . 2B when V ( as ) 0.5 is used as a typical 
example , but the value of the maximum luminance PS is 
applicable even when V ( as ) is not 0.5 . 
[ 0078 ] The maximum luminance PS simply needs to be 
greater than or equal to 0.04 cd / m² . In this case , the 
integrated photometric luminance of the type ß unit 102 is 
greater than or equal to 0.04 cd / m2 . When the maximum 
luminance PS at the wavelength aS is greater than or equal 
to 0.04 cd / m² , the spectral radiance at the wavelength AS is 
greater than or equal to 0.04 / ( 683 * V ( S ) [ W / sr / mº / nm ) . 
Although the maximum luminance PS may be less than 1 
cd / m² , it is preferable that the maximum luminance PS be 
greater than or equal to 1 cd / m2 . In this case , the integrated 
photometric luminance of the type ß unit 102 is greater than 
or equal to 1 cd / m2 . When the maximum luminance PS at the 
wavelength 2S is greater than or equal to 1 cd / m² in terms 
of spectral photometric luminance , the spectral radiance at 
the wavelength 2.S is greater than or equal to 1 / ( 683 * V ( AL ) ) 
[ W / sr / m / nm ] . Although the maximum luminance PS may 
be less than 5 cd / m² , it is preferable that the maximum 
luminance PS be greater than or equal to 5 cd / m² . In this 
case , the integrated photometric luminance of the type ß unit 
102 is greater than or equal to 5 cd / m2 . When the maximum 
luminance PS at the wavelength àis greater than or equal to 
5 cd / m² , the spectral radiance at the wavelength ÀS is greater 
than or equal to 5 / ( 683 * V ( as ) ) [ W / sr / m² / nm ] . As can be 
understood from FIG . 13A , Va = 468nm ) = Va = 650 nm ) = 0 . 
12 holds true . Accordingly , in a range of greater than or 
equal to 470 nm ( or greater than or equal to 480 nm ) and less 
than 650 nm , a spectral photometric luminance of greater 
than or equal to 5 cd / m² can be achieved by a spectral 
radiance of less than or equal to 0.06 W / sr / m² / nm . It is not 
difficult to achieve a spectral radiance of less than or equal 

to 0.06 W / sr / m ? / nm by a light source , such as an electrolu 
minescent , photoluminescent , or cathodoluminescent light 
source , typically used in display devices . Additionally , when 
Va = 519 nm ) = V ( a = 600 nm ) = 0.69 holds true and the wave 
length is in a range of greater than or equal to 520 nm and 
less than 600 nm , a spectral photometric luminance of 
greater than or equal to 5 cd / m2 can be achieved by a spectral 
radiance of less than or equal to 0.01 W / sr / m² / nm . That is , 
for the type ß unit 102 exhibit a high luminance , the 
wavelength as is preferably in a range of greater than or 
equal to 470 nm ( or greater than or equal to 480 nm ) and less 
than 650 nm , and more preferably in a range of greater than 
or equal to 520 nm and less than 600 nm . Although the 
maximum luminance PS may be less than 35 cd / m² , the 
maximum luminance PS is more preferably greater than or 
equal to 35 cd / m2 . In this case , the integrated photometric 
luminance of the type ß unit 102 is greater than or equal to 
35 cd / m² . Although the maximum luminance PS may be less 
than 100 cd / m² , the maximum luminance PS is still more 
preferably greater than or equal to 100 cd / m² . In this case , 
the integrated photometric luminance of the type ß unit 102 
is greater than or equal to 100 cd / m² . Although the maxi 
mum luminance PS may be greater than or equal to 1000 
cd / m² , the maximum luminance PS may be less than 1000 
cd / m2 . The integrated photometric luminance of the type B 
unit 102 may be less than 1000 cd / m² . Although the maxi 
mum luminance PS may be greater than or equal to 500 
cd / m² , the maximum luminance PS may be less than 500 
cd / m2 . The integrated photometric luminance of the type B 
unit 102 may be less than 500 cd / m² . The maximum 
luminance PS may be a peak luminance exhibited by the 
type ß unit 102. The maximum wavelength as may be a 
peak wavelength of the type ß unit 102 . 
[ 0079 ] FIG . 2B also illustrates a concept of the spectral 
characteristic S of the luminance of light exhibited by the 
type y unit 103 ( type y element 113 and / or type ß pixel 123 ) . Y 
The type y unit 103 ( type y element 113 and / or type y pixel 
123 ) also exhibits a maximum luminance of greater than or 
equal to 0.04 cd / m² in terms of spectral photometric lumi 
nance at a wavelength in a range of greater than or equal to 
400 nm and less than 650 nm . Accordingly , the type y unit Y 
103 ( type y element 113 and / or type y pixel 123 ) exhibits an Y 
integrated photometric luminance of greater than or equal to 
0.04 cd / m² . However , a wavelength at which the type y unit 
103 exhibits the maximum luminance may differ from a 
wavelength at which the type B unit 102 exhibits the 
maximum luminance . The maximum luminance exhibited 
by the type y unit 103 may also differ from the maximum 
luminance exhibited by the type B unit 102 . 
[ 0080 ] FIG . 2B also illustrates a concept of the spectral 
characteristic S of the luminance of light exhibited by the 
type d unit 104 ( type d element 114 and / or type d pixel 124 ) . 
The type d unit 104 ( type d element 114 and / or type d pixel 
124 ) also exhibits a maximum luminance of greater than or 
equal to 0.04 cd / m2 in terms of spectral photometric lumi 
nance at a wavelength in a range of greater than or equal to 
400 nm and less than 650 nm . Accordingly , the type d unit 
104 ( type d element 114 and / or type d pixel 124 ) exhibits an 
integrated photometric luminance of greater than or equal to 
0.04 cd / m² . However , a wavelength at which the type d unit 
104 exhibits the maximum luminance may differ from a 
wavelength at which the type B unit 102 exhibits the 
maximum luminance . A wavelength at which the type d unit 

2 
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104 exhibits the maximum luminance may also differ from 
a wavelength at which the type y unit 103 exhibits the 
maximum luminance . 
[ 0081 ] The maximum luminance PS exhibited by the type 
y unit 103 and the type d unit 104 simply needs to be greater 
than or equal to 0.04 cd / m² . In this case , the integrated 
photometric luminance of the type y unit 103 and the type d 
unit 104 is greater than or equal to 0.04 cd / m² . When the 
maximum luminance PL is greater than or equal to 0.04 
cd / m² , the spectral radiance at the wavelength where the 
maximum luminance is reached is greater than or equal to 
0.04 / ( 683 * V ( AL ) ) [ W / sr / m < / nm ] . Although the maximum 
luminance exhibited by the type y unit 103 and the type d 
unit 104 may be less than 5 cd / m² , it is preferable that the 
maximum luminance exhibited by the type y unit 103 and 
the type d unit 104 be greater than or equal to 5 cd / m² . In 
this case , the integrated photometric luminance of the type 
y unit 103 and the type d unit 104 is greater than or equal to 
5 cd / m2 . When the maximum luminance PS is greater than 
or equal to 5 cd / m² , the spectral radiance at the wavelength 
where the maximum luminance is reached is greater than or 
equal to 5 / ( 683 * V ( L ) ) [ W / sr / mº / nm ] . Although the maxi 
mum luminance exhibited by the type y unit 103 and the type 
8 unit 104 may be less than 35 cd / m² , the maximum 
luminance exhibited by the type y unit 103 and the type d Y 
unit 104 is more preferably greater than or equal to 35 cd / m² . 
In this case , the integrated photometric luminance of the 
type y unit 103 and the type d unit 104 is greater than or 
equal to 35 cd / m² . Although the maximum luminance exhib 
ited by the type y unit 103 and the type d unit 104 may be 
less than 100 cd / m² , the maximum luminance exhibited by 
the type y unit 103 and the type d unit 104 is still more 
preferably greater than or equal to 100 cd / m² . In this case , 
the integrated photometric luminance of the type y unit 103 
and the type d unit 104 is greater than or equal to 100 cd / m² . 
Although the maximum luminance exhibited by the type y 
unit 103 and the type d unit 104 may be greater than or equal 
to 1000 cd / m² , the maximum luminance exhibited by the 
type y unit 103 and the type d unit 104 may be less than 1000 
cd / m² . The integrated photometric luminance of the type y 
unit 103 and the type d unit 104 may be less than 1000 
cd / m2 . Although the maximum luminance exhibited by the 
type y unit 103 and the type d unit 104 may be greater than 
or equal to 500 cd / m² , the maximum luminance exhibited by 
the type y unit 103 and the type d unit 104 may be less than 
500 cd / m² . The integrated photometric luminance of the 
type y unit 103 and the type d unit 104 may be less than 500 
cd / m2 
[ 0082 ] The maximum luminances PL and PS simply need 
to be exhibited at any display level ( e.g. , emission intensity ) 
of the display unit 100 ( element 110 or pixel 120 ) . To 
determine the performance of the display device 1 , however , 
it is preferable that the maximum luminances PL and PS be 
exhibited at the highest display level ( e.g. , highest emission 
intensity ) of the display unit 100 ( element 110 or pixel 120 ) . 
[ 0083 ] In a typical display device 1 , where the element 
unit displays the image 15 in a plurality of colors , the 
elements 110 may substantially match the pixels 120. There 
fore , the elements 110 can be referred to as the pixels 120 . 
The maximum luminances PL and PS are luminances with 
which the display device 1 can perform display , and it is 
obvious that these luminances can be recognized by the 
human eye . Light that exists only inside the display device 
1 and cannot be taken out of the display device 1 is not the 

display unit 100. Such light cannot be recognized by the eye 
of a person who looks at the display , and thus is not the 
subject of the maximum luminances PL and PS . For 
example , even when light that satisfies the spectral charac 
teristic L is used as the light sources 11 and 12 , the display 
device 1 may not exhibit a sufficient luminance at the 
wavelength aL if transmittance at the wavelength aL is 
limited , for example , by a color filter . 
[ 0084 ] FIG . 3A is a cross - sectional view of the element 
unit 10. In the example of FIG . 3A , the elements 110 
included in the element unit 10 each exhibit light of a 
different wavelength ( color ) depending on the type . A color 
exhibited by each of the plurality of elements 110 may be an 
emitted color emitted by the element 110 , a transmitted color 
transmitted by the element 110 , a reflected color reflected by 
the element 110. By observing the element unit 10 directly 
or indirectly through an optical system , such as a lens , the 
observer recognizes light exhibited by the plurality of ele 
ments 110 of the element unit 10 as the image 15 , which is 
a collection of pixels 120. That is , the pixels 120 included in 
the image 15 each exhibit light ( color ) of a different wave 
length depending on the type . 
[ 0085 ] The display device 1 illustrated in FIG . 3A will 
now be described in detail . The element unit 10 may include 
a substrate 130 including a semiconductor element , such as 
a transistor , a wire 132 on the substrate 130 , and an inter 
layer insulating film 131 around the wire 132. The element 
unit 10 may include an electrode 133 connected to the 
semiconductor element in the substrate 130 through the wire 
132 , a light emitting layer 134 on the electrode 133 , and an 
electrode 135 on the light emitting layer 134. The element 
unit 10 may include a protective layer 136 on the electrode 
135 , a color filter array 137 on the protective layer 136 , and 
a planarizing film 138 on the color filter array 137. Although 
the light emitting layer 134 of the present example emits 
white light , a light emitting layer that emits a different color 
for each element may be provided . The elements 111 , 112 , 
113 , and 114 include color filters of different transmitted 
colors in the color filter array 137. Of the plurality of 
elements 110 , an element corresponding to the type a unit 
101 may include a first color filter . Of the plurality of 
elements 110 , an element corresponding to the type ß unit 
102 may include a second color filter that differs in trans 
mission characteristic from the first color filter . The plurality 
of elements 110 of the element unit 10 each have a different 
structure depending on the type . In the present example , 
however , the element 111 and the element 114 include the 
same color filter . The element 111 of the element unit 10 may 
include a wavelength adjuster 139. Light transmitted 
through the color filter common to the element 111 and the 
element 114 is adjusted by the wavelength adjuster 139 in 
such a way as to exhibit the maximum luminance PL greater 
than or equal to 0.04 cd / m² at the wavelength aL in a range 
of greater than or equal to 650 nm and less than or equal to 
700 nm . 

[ 0086 ] In an example of the display device 1 of projection 
type , the element unit 10 and the image 15 are separated . The 
plurality of elements 110 of the element unit 10 have the 
same structure . In the example illustrated in FIG . 3B , the 
elements 110 included in the element unit 10 reflect or 
transmit light of the same wavelength ( color ) at the same 
time . That is , at some moments in time , a plurality of 

a 



US 2022/0272308 A1 Aug. 25 , 2022 
8 

a 

a 

elements 110 may exhibit the same color . In other words , the 
plurality of elements 110 of the element unit 10 may be of 
a spatially single type . 
[ 0087 ] In the display device 1 of reflective type , the 
wavelength of light displayed on a display surface 14 may 
be controlled by temporally switching the wavelength of the 
light source 12 to control the wavelength of incident light on 
the element unit 10 that reflects light . In the display device 
1 of reflective type , the wavelength of light displayed on the 
display surface 14 may be controlled by temporally switch 
ing a wavelength selecting means 13 to control the wave 
length of reflected light from the element unit 10 that reflects 
light . In the display device 1 of transmissive type , the 
wavelength of light displayed on the display surface 14 may 
be controlled by temporally switching the wavelength of the 
light source 12 to control the wavelength of incident light on 
the element unit 10 that transmits light . In the display device 
1 of transmissive type , the wavelength of light displayed on 
the display surface 14 may be controlled by temporally 
switching the wavelength selecting means 13 to control the 
wavelength of light transmitted through the element unit 10 
that transmits light . The wavelength selecting means 13 is 
temporally switched , for example , by rotating a color wheel . 
The element unit 10 includes the substrate 130 and the 
plurality of elements 110 disposed on the substrate 130. In 
the display device 1 illustrated in FIG . 3B , the elements 110 
are , for example , reflective elements . When the light source 
12 irradiates the element unit 10 with light , the direction of 
reflected light is controlled in accordance with an input 
signal received by the element unit 10. The reflected light is 
temporally assigned with colors by the wavelength selecting 
means 13 and displayed on the display surface 14 outside the 
display device 1. The display device 1 may be of scanning 
type . 
[ 0088 ] Various color forming principles may be adopted 
for the display unit 100. For example , a color exhibited by 
the display unit 100 may be controlled by using a color filter . 
Alternatively , a color exhibited by the display unit 100 may 
be controlled by using a light emitting material exhibiting a 
specific emitted color . Also , various light emission prin 
ciples may be adopted . Examples of adoptable light emis 
sion principles include electroluminescence ( EL ) , photolu 
minescence ( PL ) , and cathodoluminescence ( CL ) . A 
plurality of light emission principles may be used in com 
bination . Possible types of luminescence include fluores 
cence that occurs in allowed transition from an excited 
singlet state to a singlet ground state , and phosphorescence 
that occurs in forbidden transition from an excited triplet 
state to a singlet ground state . The light emitting material 
may be an organic material , an inorganic material , or an 
organic - inorganic hybrid material . For example , electrolu 
minescence and photoluminescence may be used in combi 
nation . For example , a luminous body may be irradiated 
with primary light emitted by electroluminescence to pro 
duce secondary light from photoluminescence . In this case , 
the element 110 may include a portion that emits light by 
electroluminescence and a portion that emits light by pho 
toluminescence . The wavelength adjuster 139 , described 
above , may be a color filter or a luminous body that emits light by photoluminescence . For example , an organic mate 
rial may be used for electroluminescence and an organic 
inorganic hybrid material may be used for photolumines 
cence . The inorganic material may be a quantum dot 
material . Examples of the inorganic material that can exhibit 

a maximum luminance in a wavelength region of 650 nm to 
750 nm include EuCeBaSrZns , CeLnOS ( Ln represents 
lanthanoid ) , MnKTIOF , EuCaAlSi , CaLnSbMnO , and BaL 
nSbMnO . The elemental ratios of these materials may be 
appropriately set in such a way that the peak wavelength in 
light emission is 650 nm to 750 nm . Examples of the 
inorganic material that can exhibit a maximum luminance in 
a wavelength region of 650 nm to 750 nm include those 
described in PCT Japanese Translation Patent Publication 
No. 2013-505009 , Japanese Patent Laid - Open No. 2016 
196611 , Japanese Patent Laid - Open No. 2016-79213 , and 
Japanese Patent Laid - Open No. 2013-1877 . Examples of the 
organic material that can exhibit a maximum luminance in 
a wavelength region of 650 nm to 750 nm include tris 
( 8 - hydroxyquinolinato ) aluminum ( III ) and polyimide mate 
rial . The polyimide material may be a polyimide in which 
nitrogens ( N ) are bound via a divalent organic group includ 
ing an alicyclic structure and carbons ( C ) are bound via a 
quadrivalent aromatic group , or may be any appropriate 
material described in Japanese Patent Laid - Open No. 2008 
274165. The luminance of the display unit 100 may be 
controlled by controlling injection energy in the various 
types of luminescence described above . The element unit 10 
using electroluminescence may include organic EL elements 
or light emitting diodes ( LEDs ) arranged therein . The lumi 
nance of the display unit 100 may be controlled by control 
ling the transmittance of a liquid crystal element or the 
reflectance of a mirror element . The element unit 10 of the 
display device 1 of reflective type may be constituted by a 
liquid crystal on silicon ( LCOS ) or a digital micromirror 
device ( DMD ) . The light source 11 or the light source 12 
may be a backlight for the display device 1 that includes a 
transmissive display element in the element unit 10. In the 
display device 1 that includes a reflective display element in 
the element unit 10 , the light source 12 may emit light for 
irradiating the element unit 10 . 
[ 0089 ] The apparatus EQP including the display device 1 
may be a mobile apparatus , such as a smartphone , a mobile 
PC , or a tablet . The mobile apparatus , which is mainly for 
personal use , can be customized in a preferable way in 
accordance with the individual's color vision . The apparatus 
EQP including the display device 1 may be a wearable 
apparatus . The wearable apparatus is a type of mobile 
apparatus . The display device 1 is applicable to wearable 
devices , such as smart glasses , head mounted displays 
( HMDs ) , goggle displays , and smart contact lenses . 
[ 0090 ] The apparatus EQP including the display device 1 
may include an image pickup device . This is preferable 
because when the display device 1 displays an image taken 
by the image pickup device in the apparatus E the 
displayed image is one that allows the user of the apparatus 
EQP to easily distinguish colors . The apparatus EQP includ 
ing an image pickup device may be a camera or a camera 
equipped information apparatus . 
[ 0091 ] FIG . 3C is a schematic diagram for explaining a 
pair of smart glasses SG ( wearable apparatus ) as an example 
of the apparatus EQP . The pair of smart glasses SG is a 
spectacle apparatus and includes a frame 1000 , which is a 
housing of a spectacle type . The frame 1000 includes 
temples 1003. The pair of smart glasses SG includes , for 
example , a display 1011 , an image pickup unit 1001 , a 
processor 1002 , and a pupil detector 1004. The element unit 
10 of the display device 1 may be adopted as the display 
1011. The display 1011 is disposed at the position of each 
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lens of the glasses in the present example , but may be 
disposed at any position depending on the display format . 
The processor 1002 may include the drive unit 60 , the 
controller 40 , and the power supply unit 70 of the display 
device 1. The image pickup unit 1001 may include an image 
pickup device , such as a CMOS image sensor , and a taking 
lens for forming an image on the image pickup device . The 
image pickup unit 1001 is disposed on the outer side of each 
temple 1003 of the glasses . The image pickup unit 1001 may 
be disposed in such a way as to overlap the display 1011 . 
The processor 1002 is disposed on the inner side of each 
temple 1003 of the glasses . In any of the cases , an image is 
displayed on the display 1011. The pupil detector 1004 is 
disposed in a bridge of the frame 1000 , but may be disposed 
in each temple 1003 or may be disposed at the position of 
each lens of the glasses . The processor 1002 may be 
configured to perform computing based on artificial intelli 
gence . The power supply unit 70 may supply power not only 
to the display 1011 , but also to the image pickup unit 1001 , 
the processor 1002 , and the pupil detector 1004. The smart 
glasses SG may include a communicating unit ( not shown ) , 
through which other apparatuses can perform wired and / or 
wireless communication with the smart glasses SG . In the 
smart glasses SG , the processor 1002 may exchange infor 
mation with external apparatuses through the communicat 
ing unit . The smart glasses SG may include two displays 
1011 , one for the left eye and the other for the right eye . The 
smart glasses SG may include two image pickup units 1001 , 
one for the left eye and the other for the right eye . The timing 
of image pickup and display may be appropriately set for 
each of the image pickup units 1001 and the displays 1011 
for the left eye and the right eye . Specifically , the timing may 
be set to pick up an image at the same time and display the 
image at different times , or to pick up an image at different 
times and display the image at the same time . Although the 
image pickup unit 1001 and the display 1011 
disposed at different positions , the image pickup unit 1001 
and the display 1011 may be disposed in such a way as to 
overlap in the line of sight . 
[ 0092 ] The apparatus EQP including the display device 1 
may be any one of an electronic board , a traffic light 
machine , and an in - vehicle indicator . When the display 
device 1 is used in public as in the case of an electronic 
board , a traffic light machine , or an in - vehicle indicator , it is 
necessary to ensure high visibility for both people with 
normal color vision and colorblind people . Although the 
apparatuses described above generally ensure visibility for 
people with normal color vision , they can also improve 
visibility for colorblind people by adopting the embodi 
ments of the present invention . 
[ 0093 ] An image displayed by an example of the display 
device 1 is typically a variable pattern , but it may be a fixed 
pattern . FIG . 3D illustrates the element unit 10 of a traffic 
light machine , which is an example of the apparatus EQP 
including the display device 1. The element unit 10 includes 
three fixed patterns , a red pattern X enclosed by a solid line , 
a yellow pattern Y enclosed by a solid line , and a green 
( blue ) pattern Z enclosed by a solid line . In accordance with 
the time , one of the red pattern X , the yellow pattern Y , and 
the green ( blue ) pattern Z illuminates . The red pattern X , the 
yellow pattern Y , and the green ( blue ) pattern Z are each 
constituted by a plurality of elements 110. The red pattern X 
may include a plurality of type a elements 111 , and the red 
pattern X may include a plurality of type d elements 114 in 

the present example . The green ( blue ) pattern Z may include Z 
a plurality of type ß elements 112 , and the green ( blue ) 
pattern Z may include a plurality of type y elements 113 in 
the present example . The yellow pattern Y includes a plu 
rality of elements 110 exhibiting a yellow color . 
[ 0094 ] The effect of using the unit 101 having the spectral 
characteristic L and the unit 102 ( and / or units 103 and 104 ) 
having the spectral characteristic S will now be described . 
[ 0095 ] Light entering the human eye is received by pho 
toreceptor cells on the retina . The photoreceptor cells are 
divided into two types , rods and cones , by their shape . Since 
the rods are capable of responding to weak light , the rods 
mainly function in dark places and the cones mainly func 
tion in bright places , depending on the intensity of light . The 
cones serve as a color sensor and are divided into three 
types , L cones , M cones , and S cones , which respond to 
different wavelength characteristics . In the majority of 
people , the L cones are said to have the highest absorbance 
at a wavelength of 560 + 10 nm , the M cones are said to have 
the highest absorbance at a wavelength of 530 + 10 nm , and 
the S cones are said to have the highest absorbance at a 
wavelength of 420 : 10 nm . 
[ 0096 ] Light emitted or reflected by a material causes 
responses of different magnitudes to occur in the three types 
of cones depending on the component . The differences in the 
amount of response create differences in color . For example , 
whether the color looks closer to red or green relates to a 
difference between the amount of response of the L cones 
and the amount of response of the M cones . The greater the 
difference , the closer the color looks to red , whereas the 
smaller the difference , the closer the color looks to green . 
[ 0097 ] Vision in scenes with bright ambient light , where 
only the cones are responsive , is referred to as photopic 
vision . The photopic vision is vision in a region where the 
luminance is 1 cd / m2 to 5 cd / m² or more , and colors can be 
distinguished in this luminance region . The boundary 
between photopic vision and mesopic vision varies among 
individuals and there are various theories on this boundary . 
Therefore , although the lower limit of luminance for pho 
topic vision has been described as being 1 cd / m² to 5 cd / m² , 
the photopic vision can be said to occur in a significant 
number of people if the luminance is simply greater than or 
equal to 5 cd / m² 
[ 0098 ] Vision in scenes with dark ambient light , where 
only the rods are responsive , is referred to as scotopic vision . 
The scotopic vision is vision in a region where the lumi 
nance is 0.001 cd / m² to 0.034 cd / m ? or below . In scotopic 
vision , the L cones are unresponsive and are thought not to 
allow colors to be distinguished . 
[ 0099 ] Vision between photopic vision and scotopic vision 
is referred to as mesopic vision , where both the cones and 
the rods are responsive . Under ambient light of a mesopic 
level , where the rods gradually increase their sensitivity and 
the cones are still responsive , both color sensation and color 
perception are known to vary in a complex manner . The 
boundary between scotopic vision and mesopic vision also 
varies among individuals and there are various theories on 
this boundary . Therefore , although the upper limit of lumi 
nance for scotopic vision has been described as being 0.001 
cd / m² to 0.034 cd / m² , the mesopic vision can be said to 
occur in a significant number of people if the luminance is 
simply greater than or equal to 0.04 cd / m² . 
[ 0100 ] As described above , the human photoreceptor cells 
include a plurality of cells called rods , as well as the L cones , 
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the M cones , and the Scones . The ratio of these cells and the 
spectral absorption characteristic vary among individuals . 
Therefore , the color vision or color matching functions that 
humans have are diverse , and the diversity is particularly 
complex and significant in the mesopic region . Since color 
vision is diverse , colors used on printed materials or display 
devices are perceived differently from person to person . 
[ 0101 ] Color vision the majority of people have is referred 
to as normal color vision . FIG . 12A illustrates an example of 
wavelength sensitivity characteristics of cones in normal 
color vision . On the other hand , there are people with color 
vision different from normal color vision ( generally referred 
to as colorblind people ) because at least one of the three 
types of cones is defective or imperfect . About 3 % of the 
world's population is said to be colorblind . Most of the 
colorblind people are said to have “ monochromatism ” where 
the L cones are dysfunctional , or “ dichromatism ” where the 
M cones are dysfunctional . FIG . 12B illustrates an example 
of wavelength sensitivity characteristics of cones in mono 
chromatism , and FIG . 12C illustrates an example of wave 
length sensitivity characteristics of cones in dichromatism . 
As illustrated in FIG . 12B , the wavelength sensitivity char 
acteristic of the L cones in monochromatism ( indicated by L 
cone ( i ) ) differs from the wavelength sensitivity character 
istic of the L cones in normal color vision ( indicated by L 
cone ( n ) ) . As illustrated in FIG . 12C , the wavelength sen 
sitivity characteristic of the M cones in dichromatism ( indi 
cated by M cone ( ii ) ) differs from the wavelength sensitivity 
characteristic of the M cones in normal color vision ( indi 
cated by M cone ( n ) ) . In the case of monochromatism , as 
illustrated in FIG . 12B , the sensitivity region of the L cones 
is often shifted to shorter wavelengths . This increases an 
overlap between the spectral absorption characteristics of 
the L cones and the M cones and makes it difficult to 
perceive a color difference in the red to green wavelength 
region . In the case of dichromatism , as illustrated in FIG . 
12C , the sensitivity region of the M cones is often shifted to 
longer wavelengths . As in the case of monochromatism , this 
increases an overlap between the spectral absorption char 
acteristics of the L cones and the M cones and makes it 
difficult to perceive a color difference in the red to green wavelength region . 
[ 0102 ] To correct differences in color perception among 
individuals , the display device may include red pixels with 
a peak wavelength of 630 nm , so that the red pixels can 
allow a dominant response of the L cones . In monochroma 
tism and dichromatism , however , light of 630 nm cannot 
create a significant difference in the amount of response 
between the L cones and the M cones . Therefore , although 
this display device can make correction for persons with 
normal color vision , it is difficult to allow persons with 
monochromatism and dichromatism to distinguish colors 
more easily . 
[ 0103 ] FIG . 12D illustrates an example of wavelength 
sensitivity characteristics of rods . The rods have a sensitivity 
in a wavelength region of greater than or equal to 400 nm 
and less than 650 nm , and a wavelength corresponding to the 
peak sensitivity ( i.e. , peak wavelength ) is 500-10 nm . In the 
mesopic vision described above , the color vision is said to 
be influenced by the response of the rods , and both color 
sensation and color perception are known to vary in a 
complex manner . Specifically , an increase in the response of 
the rods is known to produce perception of blue and green 
colors . 

[ 0104 ] To allow persons with monochromatism and 
dichromatism to distinguish red color , the intensity of emis 
sion from red pixels may be made higher than that for 
persons with normal color vision . However , when the red 
pixels are illuminated with high intensity , the rods may be 
excessively excited if the emission wavelength of the red 
pixels is in a wavelength region of less than 650 nm . As a 
result , particularly in the mesopic region , this not only 
increases perception of red color but also produces percep 
tion of blue and green colors , and makes the correction 
extremely complex . Accordingly , a discussion will be given 
to provide a display device that allows a colorblind person 
to easily distinguish colors . Here , distinguishing a specific 
color means that a person perceives given light as a second 
color , not a first color . 
[ 0105 ] As illustrated in FIG . 12B and FIG . 12C , even in 
the case of a colorblind person with monochromatism or 
dichromatism , the sensitivity of the L cones and the sensi 
tivity of the Mcones differ in a wavelength region of 600 nm 
to 700 nm . In a wavelength region of 650 nm to 700 nm , the 
difference between the sensitivity of the L cones and the 
sensitivity of the M cones is more significant . Accordingly , 
the present inventor thought that by performing display 
using light for stimulating the L cones in a wavelength 
region of 600 nm to 700 nm , or preferably in a wavelength 
region of 650 nm to 700 nm , it would become easier for a 
colorblind person with monochromatism or dichromatism to 
distinguish a red color . An effective way to suppress exces 
sive excitement of the rods , as described above , is to 
stimulate the L cones outside a wavelength region of greater 
than or equal to 400 nm and less than 650 nm where the rods 
are responsive , that is , in a wavelength region of greater than 
or equal to 650 nm and less than or equal to 700 nm . Since 
the rods are less functional in the photopic vision region , the 
L cones may be stimulated in a wavelength region of greater 
than or equal to 600 nm and less than or equal to 700 nm , 
or the L cones may be stimulated in a wavelength region of 
greater than or equal to 600 nm and less than or equal to 650 

2 

nm . 
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[ 0106 ] In the present embodiment , the type a unit 101 
exhibits a maximum luminance greater than or equal to 0.04 
cd / m² ( or integrated photometric luminance greater than or 
equal to 0.04 cd / m² ) at the wavelength aL in a range of 
greater than or equal to 650 nm and less than or equal to 700 
nm , and allows mesopic vision or photopic vision . This 
makes it possible to distinguish colors by using a difference 
in sensitivity between the L cones and the M cones . That is , 
a colorblind person who sees the image 15 displayed on the 
display device 1 of the present embodiment can perceive 
light exhibited by the type a unit 101 as red . It is also 
possible to distinguish ( discriminate ) red from a color exhib 
ited by the type B unit 102 ( and / or the type y unit 103 and 
the type d unit 104 ) different from the type a unit 101. The 
display device can thus be provided which allows a color 
blind person to easily distinguish colors . 
[ 0107 ] Some embodiments , which are more specific 
examples of the first embodiment , will now be described . 
Table 1 shows a correspondence between the types a , b , y , 
d , and ? and spectral characteristics La , Lb , Lc , Ld , R , G , M , 
and B in second to sixth embodiments described below . 
Each value in parentheses indicates a peak wavelength in the 
corresponding unit . The spectral characteristics La , Lb , Lc , 
and Ld are categorized as narrower concepts of the spectral 
characteristic L described above , and have the features of the 
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2 spectral characteristic L. The spectral characteristics R , G , 
M , and B are categorized as narrower concepts of the 
spectral characteristic S described above , and have the 
features of the spectral characteristic S. Combinations of the 
spectral characteristics are not limited to those in the 
embodiments described below . A unit having any of the 
spectral characteristics L , La , Lb , Lc , and Ld and a unit 
having any of the spectral characteristics R , G , M , and B 
may be used in combination to form the element unit 10 and 
the image 15 . 

luminance greater than or equal to 0.04 cd / m² . Therefore , 
the maximum luminance PL of the unit 101 simply needs to 
be greater than or equal to 0.04 cd / m² in terms of spectral 
photometric luminance , and the luminance of the unit 101 
simply needs to be greater than or equal to 0.04 cd / m² in 
terms of integrated photometric luminance . A luminance 
region of greater than or equal to 5 cd / m² , which is a 
photopic vision region , facilitates color creation in the 
display device 1. Therefore , the maximum luminance PL of 
the unit 101 is preferably greater than or equal to 5 cd / m² in 

TABLE 1 

Second 
Embodiment 

Third 
Embodiment 

Fourth 
Embodiment 

Fifth 
Embodiment 

Sixth 
Embodiment 

Type a 
Type B 
Type y 
Type 8 
Type & 

La ( 670 nm ) 
Ga ( 530 nm ) 
B ( 420 nm ) 

Lb ( 680 nm ) 
M ( 500 nm ) 
B ( 420 nm ) 

Lc ( 670 nm ) 
Gb ( 530 nm ) 
B ( 420 nm ) 

Ld ( 680 nm ) 
M ( 500 nm ) 
B ( 420 nm ) 
R ( 600 nm ) 

Ld ( 680 nm ) 
Gb ( 530 nm ) 
B ( 420 nm ) 
R ( 600 nm ) 
M ( 500 nm ) 

Second Embodiment 

2 

2 

[ 0108 ] FIG . 4 illustrates an example of spectral character 
istics of the display device 1 according to a second embodi 
ment . In the second embodiment , the display unit 100 
described in the first embodiment is of three types , the unit 
101 , the unit 102 , and the unit 103. FIG . 4 illustrates the 
spectral characteristic La of the unit 101 , the spectral char 
acteristic Ga of the unit 102 , and the spectral characteristic 
B of the unit 103. The spectral characteristics in FIG . 4 each 
are shown as a relative luminance normalized at the peak 
luminance of the display unit . 
[ 0109 ] The unit 101 having the spectral characteristic La 
exhibits the maximum luminance PL greater than or equal to 
0.04 cd / m² in terms of spectral photometric luminance at the 
wavelength NL in a range of greater than or equal to 650 nm 
and less than or equal to 700 nm . In the present example , the 
wavelength XL is the peak wavelength of the unit 101 and 
the peak wavelength ( wavelength XL ) of the unit 101 having 
the spectral characteristic La is 670 nm . The unit 102 having 
the spectral characteristic Ga exhibits the maximum lumi 
nance PG greater than or equal to 0.04 cd / m² at the wave 
length aG in a range of greater than or equal to 520 nm and 
less than 550 nm . In the present example , the wavelength 2G 
is the peak wavelength of the unit 102 and the peak 
wavelength ( wavelength 2G ) of the unit 102 having the 
spectral characteristic Ga is 530 nm . The unit 103 having the 
spectral characteristic B exhibits the maximum luminance 
PB greater than or equal to 0.04 cd / m² at the wavelength âB 
in a range of greater than or equal to 400 nm and less than 
480 nm . The wavelength ?G at which the maximum lumi 
nance PG is exhibited is preferably in a range of greater than 
or equal to 400 nm and less than 450 nm . In the present 
example , the wavelength aB is the peak wavelength of the 
unit 103 and the peak wavelength ( wavelength àB ) of the 
unit 103 having the spectral characteristic B is 420 nm . 
[ 0110 ] In the second embodiment , the unit 101 has the 
spectral characteristic La . This makes it possible to allow a 
dominant response of the L cones , for example , even for 
persons with the wavelength sensitivity characteristics illus 
trated in FIG . 12B and FIG . 12C . Colorblind persons can 
thus distinguish red color more easily . 
[ 0111 ] The unit 101 is said to require the function of 
allowing the L cones to respond , and the cones respond to a 

terms of spectral photometric luminance , and the luminance 
of the unit 101 is preferably greater than or equal to 5 cd / m² 
in terms of integrated photometric luminance . Ergonomi 
cally , the luminance of the display device is said to be 
preferably greater than or equal to 35 cd / m² , and is said to 
be preferably 100 cd / m² under bright ambient light . Accord 
ingly , it is also preferable that the maximum luminance PL 
of the unit 101 of the second embodiment be greater than or 
equal to 35 cd / m² , and that the luminance of the unit 101 of 
the second embodiment be greater than or equal to 35 cd / m² 
in terms of integrated photometric luminance . The lumi 
nance of the unit 101 of the second embodiment is further 
preferably greater than or equal to 100 cd / m² in terms of 
integrated photometric luminance . 
[ 0112 ] The wavelength aL at which the unit 101 of the 
second embodiment exhibits the maximum luminance PL is 
in a wavelength region where the sensitivity of the cones is 
lower than at the wavelengths aG and 2B for the other units 
102 and 103. Therefore , the maximum luminance PL of the 
unit 101 is preferably set higher than the maximum lumi 
nances PG and PB of the other units 102 and 103 . 
[ 0113 ] In the second embodiment , the luminance at a 
wavelength aR less than 650 nm in the spectral character 
istic La is greater than or equal to half the maximum 
luminance PL . The luminance at 650 nm in the spectral 
characteristic La is also greater than or equal to half the 
maximum luminance PL . In the present example , a half 
width ( spectrum half width ) FWHM ( L ) for the maximum 
luminance PL in the spectral characteristic La is greater than 
or equal to 50 nm . The half width FWHM ( L ) in the present 
example is 70 nm . The spectrum half width for a given 
luminance is a wavelength width where , in a spectrum 
distribution of light output , the relative luminance is greater 
than or equal to 50 % of the given luminance . By thus 
increasing the luminance at the wavelength aR less than 650 
nm in the spectral characteristic La , it is possible to ensure 
luminance in a wavelength region of less than 650 nm in 
emission from the unit 101 and to stimulate the rods . It is 
thus possible to ensure sensitivity to light particularly in the 
mesopic region . 
[ 0114 ] The maximum luminance of the unit 101 in a 
wavelength region of less than 650 nm is preferably lower 
than the maximum luminance PL of the unit 101 in a 
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wavelength region of greater than or equal to 650 nm and 
less than or equal to 700 nm . In this case , even when the unit 
101 is made brighter , the rods are not excessively stimulated 
and the perception of blue and green colors is not exces 
sively increased . This facilitates hue correction in the 
mesopic vision . The wavelength region of greater than or 
equal to 650 nm and less than or equal to 700 nm is a region 
where the L cones are less sensitive . Therefore , the maxi 
mum luminance PL of the unit 101 is preferably set higher 
than the maximum luminance PG of the unit 102 and the 
maximum luminance PB of the unit 103 . 
[ 0115 ] The luminance at 520 nm in the spectral charac 
teristic Ga is greater than or equal to half the maximum 
luminance PG . A half width FWHM ( G ) for the maximum 
luminance PG in the spectral characteristic Ga is greater 
than or equal to 50 nm . The half width ( spectrum half width ) 
FWHM ( G ) in the present example is 60 nm . By thus 
increasing the luminance at a wavelength of 480 nm to 520 
nm in the spectral characteristic Ga , it is possible to ensure 
luminance in a wavelength region of 480 nm to 520 nm in 
emission from the unit 102. The M cones can thus be 
stimulated , and this facilitates color distinction between red 
and green particularly in a region close to green . 
[ 0116 ] A pixel arrangement of the element unit 10 accord 
ing to the present embodiment is not particularly limited . For 
example , the pixel arrangement may be a stripe arrangement 
illustrated in FIG . 5A , an S - stripe arrangement illustrated in 
FIG . 5B , a honeycomb structure illustrated in FIG . 5C , or a 
PenTile structure . As illustrated in FIG . 5A to FIG . 5E , it is 
preferable that the unit 101 having the spectral characteristic 
La be larger than the other units 102 and 103. When the unit 
101 is larger , it is possible to improve the intensity of light 
in a wavelength region of greater than or equal to 650 nm , 
and provide the amount of light necessary to allow the L 
cones to respond . 
[ 0117 ] A peak wavelength of 670 nm and a half width of 
70 nm for the unit 101 of the present embodiment may be 
achieved by appropriately producing a color filter using a 
color resist or a quantum dot material , or may be achieved 
by appropriately selecting a light emitting material , such as 
an organic material or an inorganic material . 

a 

PR in terms of spectral radiance is lower than the maximum 
luminance PL in terms of spectral radiance . In the present 
example , the maximum luminance PR in terms of spectral 
radiance is less than half the maximum luminance PL in 
terms of spectral radiance . However , the maximum lumi 
nance PR in terms of spectral radiance may be greater than 
or equal to half the maximum luminance PL in terms of 
spectral radiance . In the present example , the wavelength XL 
is the peak wavelength of the unit 101 , and the peak 
wavelength ( wavelength aL ) of the unit 101 having the 
spectral characteristic Lb is 680 nm . In the present example , 
the wavelength QR is 620 nm . 
[ 0120 ] The unit 101 is said to require the function of 
allowing the L cones to respond , and the cones respond to a 
luminance of greater than or equal to 0.04 cd / m² . Therefore , 
the maximum luminance PL exhibited by the unit 101 
simply needs to be greater than or equal to 0.04 cd / m² in 
terms of spectral photometric luminance , and the luminance 
exhibited by the unit 101 simply needs to be greater than or 
equal to 0.04 cd / m² in terms of integrated photometric 
luminance . A region with a luminance of greater than or 
equal to 5 cd / m² , which is a photopic vision region , facili 
tates color creation in the display device 1. Therefore , the 
maximum luminance PL exhibited by the unit 101 is pref 
erably greater than or equal to 5 cd / m2 in terms of spectral 
photometric luminance , and the luminance exhibited by the 
unit 101 is preferably greater than or equal to 5 cd / m² in 
terms of integrated photometric luminance . Ergonomically , 
the luminance of the display device is said to be preferably 
greater than or equal to 35 cd / m² , and is said to be preferably 
100 cd / m2 under bright ambient light . Accordingly , the 
maximum luminance PL exhibited by the unit 101 of the 
third embodiment is also more preferably greater than or 
equal to 35 cd / m² in terms of spectral photometric lumi 
nance , and the luminance exhibited by the unit 101 of the 
third embodiment is also more preferably greater than or 
equal to 35 cd / m² in terms of spectral photometric lumi 
nance . The luminance of the unit 101 according to the third 
embodiment is still more preferably greater than or equal to 
100 cd / m² in terms of integrated photometric luminance . 
[ 0121 ] The unit 102 having the spectral characteristic M 
exhibits the maximum luminance PM greater than or equal 
to 0.04 cd / m² in terms of spectral photometric luminance at 
the wavelength 2M in a range of greater than or equal to 480 
nm and less than 520 nm . Accordingly , the unit 102 exhibits 
a luminance of greater than or equal to 0.04 cd / m² in terms 
of integrated photometric luminance . In the present 
example , the wavelength âM is the peak wavelength of the 
unit 102 , and the peak wavelength ( wavelength M ) of the 
unit 102 having the spectral characteristic M is 500 nm . In 
the third embodiment , the unit 101 has the spectral charac 
teristic Lb. This makes it possible to allow a dominant 
response of the L cones , for example , even for persons with 
the wavelength sensitivity characteristics illustrated in FIG . 
12B and FIG . 12C . Colorblind persons can thus distinguish 
red color more easily . Similarly , when the maximum lumi 
nance exhibited by the unit 103 is greater than or equal to 
0.04 cd / m² in terms of spectral photometric luminance , the 
luminance exhibited by the unit 103 is also greater than or 
equal to 0.04 cd / m2 in terms of integrated photometric 
luminance . It is preferable that the maximum luminance 
exhibited by the unit 103 be also greater than or equal to 5 
cd / m² in terms of spectral photometric luminance , because 

Third Embodiment 
[ 0118 ] FIG . 6A illustrates an example of spectral charac 
teristics of the display device 1 according to a third embodi 
ment . In the third embodiment , the display unit 100 
described in the first embodiment is of three types , the unit 
101 , the unit 102 , and the unit 103. FIG . 6A illustrates the 
spectral characteristic Lb of the unit 101 , the spectral 
characteristic M of the unit 102 , and the spectral character 
istic B of the unit 103. The spectral characteristics in FIG . 
6A each are normalized at the peak luminance of the display 
unit . The spectral characteristic B will not be explained here , 
as it is the same as that in the second embodiment . 
[ 0119 ] The unit 101 having the spectral characteristic Lb 
exhibits the maximum luminance PL greater than or equal to 
0.04 cd / m² at the wavelength aL in a range of greater than 
or equal to 650 nm and less than or equal to 700 nm . The unit 
101 having the spectral characteristic Lb exhibits a maxi 
mum luminance PR greater than or equal to 0.04 cd / m² at the 
wavelength QR in a range of greater than or equal to 550 nm 
and less than 650 nm . Accordingly , the unit 101 exhibits a 
luminance of greater than or equal to 0.08 cd / m² in terms of 
integrated photometric luminance . The maximum luminance 
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the luminance exhibited by the unit 103 is also greater than 
or equal to 5 cd / m² in terms of integrated photometric 
luminance in this case . 
[ 0122 ] In the third embodiment , the unit 101 exhibits the 
maximum luminance PR greater than or equal to 0.04 cd / m2 
in terms of spectral photometric luminance at the wave 
length aR in a range of greater than or equal to 550 nm and 
less than 650 nm . This makes it possible to stimulate the rods 
in a wavelength region of greater than or equal to 550 nm 
and less than 650 nm . It is thus possible to ensure sensitivity 
to light particularly in the mesopic region . The peak lumi 
nance PL of the unit 101 may be higher than those of the 
other units 102 and 103. The maximum luminance PR at the 
wavelength QR greater than or equal to 550 nm and less than 
650 nm is lower than the maximum luminance PL in a 
wavelength region of greater than or equal to 650 nm . The 
maximum luminance PR at the wavelength ÀR less than 650 
nm is less than half the maximum luminance PL in a 
wavelength region of greater than or equal to 650 nm . A 
luminance at a wavelength of 650 nm may be lower than that 
at the wavelength aR less than 650 nm . In this case , even 
when the unit 101 emits light with a higher intensity , the rods 
are not excessively stimulated and this facilitates hue cor 
rection in the mesopic vision . Accordingly , it is preferable 
that the half width FWHM ( L ) for the maximum luminance 
PL in the spectral characteristic Lb be less than 50 nm . The 
half width FWHM ( L ) in the present example is 30 nm . 
[ 0123 ] Also , in the third embodiment , the unit 102 exhibits 
the maximum luminance PM of greater than or equal to 0.04 
cd / m² at the wavelength aM in a range of greater than or 
equal to 480 nm and less than 520 nm . It can be seen from 
FIG . 12A , FIG . 12B , and FIG . 12C that in a wavelength 
region of greater than or equal to 480 nm and less than 520 
nm , unlike other wavelength regions , the response of the M 
cones tends to be dominant over the response of the L cones . 
That is , when the wavelength aM at which the unit 102 
exhibits the maximum luminance PM is set to be greater 
than or equal to 480 nm and less than 520 nm , it is possible 
to facilitate color distinction between red and green particu 
larly in a region close to green . The half width FWHM ( M ) 
for the maximum luminance PM in the spectral character 
istic M is less than 50 nm . The half width FWHM ( M ) in the 
present example is 40 nm . Thus , the rods are not excessively 
stimulated and this facilitates hue correction in the mesopic 
vision . 
[ 0124 ] In the third embodiment , as described above , the 
unit 101 having the spectral characteristic Lb can allow a 
dominant response of the L cones over the response of the 
M cones , even for persons with monochromatism or dichro 
matism . Similarly , the unit 102 having the spectral charac 
teristic M can allow a dominant response of the M cones 
over the response of the L cones . This further facilitates 
color distinction between green and red . 
[ 0125 ] With reference to FIG . 6B and FIG . 6C , an example 
of the structure of the type d unit 104 having a sub - peak in 
a wavelength region of less than 650 nm according to the 
present embodiment will be described . FIG . 6B illustrates an 
example of an emission spectrum of the light emitting layer 
134 ( see FIG . 3A ) in a wavelength band of 600 nm to 700 
nm . As illustrated in FIG . 6B , the maximum luminance of 
the light emitting layer 134 at the wavelength a greater 
than or equal to 650 nm and less than or equal to 700 nm is 
weaker in emission intensity than the maximum luminance 
of the light emitting layer 134 at the wavelength QR greater 

than or equal to 600 nm and less than 650 nm . Therefore , the 
emission spectrum can be adjusted by the color filter array 
137 and / or the wavelength adjuster 139 illustrated in FIG . 
3A . For example , the color filters of the color filter array 137 
in the elements 111 and 114 have a characteristic of trans 
mitting red color . Although the type a and the type d of the 
red color filters in the elements 111 and 114 are the same in 
the present example , they may be different . FIG . 6C illus 
trates a wavelength - transmittance characteristic of the wave 
length adjuster 139 , which is a color filter . The wavelength 
adjuster 139 has a wavelength - transmittance characteristic 
different from that of the type a and type d color filters of 
the color filter array 137. The wavelength adjuster 139 has 
a relatively low transmittance in a wavelength region of 600 
nm to 650 nm , and has a relatively high transmittance in a 
wavelength region of greater than or equal to 650 nm . 
Therefore , by superimposing the characteristic of the wave 
length adjuster 139 on the spectral characteristic illustrated 
in FIG . 6B , the transmittance at the wavelength àR can be 
significantly reduced . As a result , the spectral characteristic 
Lb , where PR < PL , illustrated in FIG . 6A can be achieved . 
Although an example of using the wavelength adjuster 139 
has been described here , the color filter illustrated in FIG . 6C 
may be used as the type a color filter for the element 111 . 
The spectral characteristic Lb can thus be achieved by 
adjusting the emission spectrum and the transmittance of the 
color filter as described above . 
[ 0126 ] The maximum luminance PM at the wavelength 
aM in a range of greater than or equal to 480 nm and less 
than 520 nm in the spectral characteristic M of the present 
embodiment can also be achieved by appropriately produc 
ing a color filter using a color resist or a quantum dot 
material , or may be achieved by appropriately selecting a 
light emitting material , such as an organic material or an 
inorganic material . 

Fourth Embodiment 

[ 0127 ] FIG . 7 illustrates an example of spectral character 
istics of the display device 1 according to a fourth embodi 
ment . In the fourth embodiment , the display unit 100 
described in the first embodiment is of three types , the unit 
101 , the unit 102 , and the unit 103. FIG . 7 illustrates the 
spectral characteristic Lc of the unit 101 , a spectral charac 
teristic Gb of the unit 102 , and the spectral characteristic B 
of the unit 103. The spectral characteristics in FIG . 6 each 
are shown as a relative luminance normalized at the peak 
luminance of the display unit . The spectral characteristic B 
will not be explained here , as it is the same as that in the 
second embodiment . 
[ 0128 ] The unit 101 having the spectral characteristic Lc 
exhibits the maximum luminance PL greater than or equal to 
0.04 cd / m2 at the wavelength aL in a range of greater than 
or equal to 650 nm and less than or equal to 700 nm . The unit 
101 having the spectral characteristic Lc exhibits the maxi 
mum luminance PR greater than or equal to 0.04 cd / m² at the 
wavelength QR in a range of greater than or equal to 550 nm 
and less than 650 nm . The maximum luminance PR is higher 
than the maximum luminance PL . Although the maximum 
luminance PL is greater than or equal to half the maximum 
luminance PR in the present example , the maximum lumi 
nance PL may be less than half the maximum luminance PR . 
In the present example , the wavelength aR is the peak 
wavelength of the unit 101 , and the peak wavelength ( wave 
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length R ) of the unit 101 having the spectral characteristic 
Lc is 620 nm . In the present example , the wavelength NL is 
670 nm . 
[ 0129 ] In the fourth embodiment , the unit 101 has the 
spectral characteristic Lc . This makes it possible to allow a 
dominant response of the L cones , for example , even for 
persons with the wavelength sensitivity characteristics illus 
trated in FIG . 12B and FIG . 12C . Colorblind persons can 
thus distinguish red color more easily . 
[ 0130 ] The half width FWHM ( L ) for the maximum 
luminance PL in the spectral characteristic Lc is less than 50 
nm , and the half width FWHM ( L ) in the present example 
is 20 nm . . Also , the half width FWHM ( G ) for the maximum 
luminance PG in the spectral characteristic Gb is less than 50 
nm , and the half width FWHM ( G ) in the present example 
is 35 nm . By thus reducing the half width FWFH ( L ) and the 
half width FWFH ( G ) , it is possible to suppress excessive 
stimulation of the M cones and make it easier to distinguish 
between red and green . 
[ 0131 ] In the fourth embodiment , the unit 101 exhibits the 
maximum luminance PR greater than or equal to 0.04 cd / m² 
at the wavelength aR in a range of greater than or equal to 
550 nm and less than 650 nm . This makes it possible to 
stimulate the rods in a wavelength region of greater than or 
equal to 550 nm and less than 650 nm . It is thus possible to 
ensure sensitivity to light particularly in the mesopic region . 
The maximum luminance PL of the unit 101 may be higher 
than those of the other units 102 and 103. The maximum 
luminance PR in a wavelength region of less than 650 nm is 
higher than the maximum luminance PL in a wavelength 
region of greater than or equal to 650 nm . In this case , when 
the unit 101 emits light with a higher intensity , the rods may 
be excessively stimulated in the mesopic region , but it is 
easy to perform hue correction in the photopic vision region . 
Accordingly , it is preferable that the maximum luminance 
PR be greater than or equal to 5 cd / m² , which is the photopic 
vision region . When the maximum luminance PL is greater 
than or equal to half the maximum luminance PR , the L 
cones can be sufficiently stimulated by the unit 101 . 
[ 0132 ] To achieve the spectral characteristic Lc , the wave 
length adjuster 139 having a relatively high transmittance in 
a wavelength range of 600 nm to 650 nm and a relatively low 
transmittance in a wavelength range of 650 nm to 700 nm 
may be used for the light emitting layer 134 having the 
spectral characteristic illustrated in FIG . 6B . 

and less than 650 nm . Therefore , the unit 104 exhibits an 
integrated photometric luminance of greater than or equal to 
0.04 cd / m² . In the present example , the wavelength aR is the 
peak wavelength of the unit 104 and the peak wavelength 
( wavelength ÀR ) of the unit 104 having the spectral char 
acteristic R is 600 nm . 
[ 0135 ] The unit 101 having the spectral characteristic Ld 
exhibits the maximum luminance PL greater than or equal to 
0.04 cd / m² in terms of spectral photometric luminance at the 
wavelength NL in a range of greater than or equal to 650 nm 
and less than or equal to 700 nm . Therefore , the unit 101 
exhibits an integrated photometric luminance of greater than 
or equal to 0.04 cd / m² . In the present example , the wave 
length XL is the peak wavelength of the unit 101 , and the 
peak wavelength ( wavelength 9L ) of the unit 101 having the 
spectral characteristic Ld is 670 nm . Thus , even for persons 
with the wavelength sensitivity characteristics illustrated in 
FIG . 12B and FIG . 12C , it is possible to allow a dominant 
response of the L cones and this makes it easier to distin 
guish red color . 
[ 0136 ] In the fifth embodiment , a spectral radiance at a 
wavelength of greater than or equal to 550 nm and less than 
650 nm in the spectral characteristic Ld is less than half the 
maximum luminance PL in terms of spectral radiance . A 
spectral radiance at 650 nm in the spectral characteristic Ld 
is also less than half the maximum luminance PL in terms of 
the spectral radiance . In the present example , the half width 
( spectrum half width ) FWHM ( L ) for the maximum lumi 
nance PL in the spectral characteristic Ld is less than 50 nm . 
In the fifth embodiment , the display unit 100 includes both 
the unit 101 having the spectral characteristic Ld and the unit 
104 having the spectral characteristic R. The wavelength aR 
at which the unit 104 exhibits the maximum luminance PR 
is set in a wavelength region where the sensitivity of the L 
cones is sufficiently high and the rods are also sensitive . That 
is , in the fifth embodiment , the unit 104 having the spectral 
characteristic R has the function of not only stimulating the 
response of the L cones in an energy efficient manner , but 
also allowing the rods to respond . Accordingly , the unit 101 
having the spectral characteristic Ld simply needs to have 
the function of allowing a dominant response of the L cones 
over the response of the M cones . The half width FWHM ( L ) 
for the unit 101 is less than 50 nm , so that the unit 101 
stimulates the L cones while minimizing the stimulation of 
the M cones in a wavelength region where there is a 
difference in response between the L cones and the M cones . 
This makes it easier to distinguish colors . 
[ 0137 ] The wavelength NL at which the unit 101 having 
the spectral characteristic Ld of the fifth embodiment exhib 
its the maximum luminance PL is in a wavelength region 
where the sensitivity of the L cones is lower than that at the 
wavelengths aM and B where the other units 102 and 103 
exhibit the maximum luminances PM and PB . Therefore , the 
maximum luminance PL of the unit 101 is preferably set 
higher than the maximum luminances PM and PB of the 
other units 102 and 103 . 
[ 0138 ] Light with the maximum luminance PL exhibited 
by the unit 101 having the spectral characteristic Ld of the 
fifth embodiment cannot be detected by the rods which have 
no sensitivity in a wavelength region of greater than or equal 
to 650 nm . That is , even when the luminance of the unit 101 
having the spectral characteristic Ld is increased , for 
example , in the mesopic region , the excessive response of 
the rods and the perception of blue and green colors asso 
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Fifth Embodiment 
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[ 0133 ] FIG . 8 illustrates an example of spectral character 
istics of the display device 1 according to a fifth embodi 
ment . In the fifth embodiment , the display unit 100 
described in the first embodiment is of four types , the unit 
101 , the unit 102 , the unit 103 , and the unit 104. FIG . 8 
illustrates the spectral characteristic Ld of the unit 101 , the 
spectral characteristic M of the unit 102 , the spectral char 
acteristic B of the unit 103 , and the spectral characteristic R 
of the unit 104. The spectral characteristics in FIG . 8 each 
are shown as a relative luminance normalized at the peak 
luminance of the display unit . The spectral characteristic B 
will not be explained here , as it is the same as that in the 
second to fourth embodiments . 
[ 0134 ] The unit 104 having the spectral characteristic R 
exhibits the maximum luminance PR greater than or equal to 
0.04 cd / m² in terms of spectral photometric luminance at the 
wavelength QR in a range of greater than or equal to 550 nm 

a 
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ciated therewith are less likely to occur . It is thus possible to 
appropriately enhance the perception of red color and facili 
tate correction of color vision . 
[ 0139 ] Examples of arrangement patterns of the display 
unit 100 according to the fifth embodiment are illustrated in 
FIG . 9A to FIG . 9F . The four types of the display unit 100 
include the units 101 , 102 , 103 , and 104. In the present 
embodiment , the arrangement of the display unit 100 may be 
stripe arrangement , such as that illustrated in FIG . 9A , or 
may be S - stripe arrangement , such as those illustrated in 
FIG . 9B and FIG . 9C . The arrangement of the display unit 
100 may be delta arrangement , such as those illustrated in 
FIG . 9D to FIG . 9F , or may be PenTile arrangement ( not 
shown ) . It is preferable , as illustrated in FIG . 9A to FIG . 9F , 
that the unit 101 having the spectral characteristic Ld be 
adjacent to the unit 104 having the spectral characteristic R. 
To increase the maximum luminance PL of the unit 101 
having the spectral characteristic Ld , it is preferable that the 
area of the unit 101 be relatively large . For example , in FIG . 
9B , FIG . 9C , FIG . 9E , and FIG . 9F , the area of the unit 101 
having the spectral characteristic Ld is greater than the area 
of the unit 104 having the spectral characteristic R. 
[ 0140 ] In the fifth embodiment , the unit 101 and the unit 
104 , which are independently controlled , allow an efficient 
response of the L cones . Also , a difference in sensitivity 
between the L cones and the M cones can be set to any level 
without considering the response of the rods . This improves 
flexibility in color correction and energy efficiency in image 
formation . 

Sixth Embodiment 

[ 0141 ] FIG . 10 illustrates an example of spectral charac 
teristics of the display device 1 according to a sixth embodi 
ment . In the sixth embodiment , the display unit 100 
described in the first embodiment is of five types , which 
include the unit 105 as well as the aforementioned four 
types , the unit 101 , the unit 102 , the unit 103 , and the unit 
104. FIG . 10 illustrates the spectral characteristic Ld of the 
unit 101 , the spectral characteristic Gb of the unit 102 , the 
spectral racteristic B of the nit 103 , the spectral char 
acteristic R of the unit 104 , and the spectral characteristic M 
of the unit 105. The spectral characteristics in FIG . 10 each 
are shown as a relative luminance normalized at the peak 
luminance of the display unit . The spectral characteristics 
Ld , R , and B will not be explained here , as they are the same 
as those in the fifth embodiment . The spectral characteristic 
M will not be explained here , as it is the same as that in the 
third embodiment and the fifth embodiment . 
[ 0142 ] The peak wavelength of the unit 102 having the 
spectral characteristic Gb is the wavelength 2G in a range of 
greater than or equal to 500 nm , which is the peak wave 
length of the unit 105 having the spectral characteristic M , 
and less than 600 nm , which is the peak wavelength of the 
unit 104 having the spectral characteristic R. In the other 
embodiments , the peak wavelength of the unit 102 having 
the spectral characteristic Gb may also be greater than or 
equal to 500 nm and less than 600 nm . The unit 102 having 
the spectral characteristic Gb exhibits the maximum lumi 
nance PG greater than or equal to 0.04 cd / m² in terms of 
spectral photometric luminance at the wavelength aG in a 
range of greater than or equal to 520 nm and less than 550 
nm . Therefore , the unit 102 exhibits an integrated photo 
metric luminance of greater than or equal to 0.04 cd / m2 . In 
the present example , the wavelength a G is the peak wave 

length of the unit 102 and the peak wavelength ( wavelength 
ag ) of the unit 102 having the spectral characteristic Gb is 
530 nm . 
[ 0143 ] The unit 105 having the spectral characteristic M 
exhibits the maximum luminance PM greater than or equal 
to 0.04 cd / m2 in terms of spectral photometric luminance at 
the wavelength aM in a range of greater than or equal to 480 
nm and less than 520 nm . Therefore , the unit 102 exhibits an 
integrated photometric luminance of greater than or equal to 
0.04 cd / m² . In the present example , the wavelength aM is 
the peak wavelength of the unit 105 and the peak wavelength 
( wavelength AM ) of the unit 105 having the spectral char 
acteristic M is 500 nm . 
[ 0144 ] The unit 105 having the spectral characteristic Mis 
said to require the function of allowing the M cones to 
respond , and the unit 105 having the spectral characteristic 
M can allow the M cones to respond dominantly . As 
illustrated in FIG . 12A to FIG . 12C , the Scones respond 
dominantly at a wavelength of less than 480 nm , whereas the 
sensitivity of the L cones increases at a wavelength of 
greater than or equal to 520 nm . Accordingly , in the sixth 
embodiment , the wavelength aM at which the spectral 
characteristic Mexhibits the maximum luminance PM is set 
in a wavelength region of 480 nm to 520 nm . The half width 
FWHM ( M ) for the maximum luminance PM in the spectral 
characteristic M is set to be less than 50 nm . 
[ 0145 ] As described above , the display device 1 according 
to the sixth embodiment includes both the unit 102 having 
the spectral characteristic Gb and the unit 105 having the 
spectral characteristic M. The wavelength NG at which the 
unit 102 exhibits the maximum luminance PG is set in a 
wavelength region where the sensitivity of the M cones is 
sufficiently high . That is , in the sixth embodiment , the unit 
102 having the spectral characteristic Gb simply needs to 
have the function of stimulating the response of the M cones 
in an energy efficient manner , and the unit 105 having the 
spectral characteristic M simply needs to have the function 
of making the amount of response of the M cones greater 
than the amount of response of the L cones . 
[ 0146 ] The unit 105 is said to require the function of 
allowing the M cones to respond , and the M cones respond 
to a luminance of greater than or equal to 0.04 cd / m² . 
Therefore , the maximum luminance PM of the unit 105 at 
the wavelength aM simply needs to be greater than or equal 
to 0.04 cd / m² in terms of spectral photometric luminance , 
and the luminance of the unit 105 simply needs to be greater 
than or equal to 0.04 cd / m² in terms of integrated photo 
metric luminance . A luminance region of greater than or 
equal to 5 cd / m² , which is a photopic vision region , facili 
tates color creation in the display device 1. Therefore , the 
maximum luminance PM of the unit 105 is preferably 
greater than or equal to 5 cd / m² in terms of spectral photo 
metric luminance , and the luminance of the unit 105 is 
preferably greater than or equal to 5 cd / m² in terms of 
integrated photometric luminance . Ergonomically , the lumi 
nance of the display device is said to be preferably greater 
than or equal to 35 cd / m² , and is said to be preferably 100 cd / m² under bright ambient light . Accordingly , the maxi 
mum luminance PM of the unit 105 according to the sixth 
embodiment is also more preferably greater than or equal to 
35 cd / m² in terms of spectral photometric luminance , and the 
luminance of the unit 105 according to the sixth embodiment 
is preferably greater than or equal to 35 cd / m² in terms of 
integrated photometric luminance . The luminance of the unit 
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105 according to the sixth embodiment is still more prefer 
ably greater than or equal to 100 cd / m2 in terms of integrated 
photometric luminance . 
[ 0147 ] Examples of arrangement patterns of the display 
unit 100 according to the sixth embodiment are illustrated in 
FIG . 11A to FIG . 11H . The five types of the display unit 100 
include the units 101 , 102 , 103 , 104 , and 105. In the sixth 
embodiment , the arrangement of the display unit 100 may be 
stripe arrangement , such as that illustrated in FIG . 11A , or 
may be S - stripe arrangement , such as those illustrated in 
FIG . 11B to FIG . 11E . The arrangement of the display unit 
100 may be delta arrangement , such as those illustrated in 
FIG . 11F to FIG . 11H , or may be PenTile arrangement ( not 
shown ) . It is preferable , as illustrated in FIG . 11A to FIG . 
11F , that the unit 101 having the spectral characteristic Ld be 
adjacent to the unit 104 having the spectral characteristic R. 
To increase the maximum luminance PL of the unit 101 
having the spectral characteristic Ld , it is preferable that the 
area of the unit 101 be relatively large . This makes it 
possible to stimulate the L cones even in a wavelength 
region of 650 nm to 700 nm where the sensitivity of the L 
cones is low . For example , in FIG . 11D , FIG . 11E , and FIG . 
11G , the area of the unit 101 having the spectral character 
istic Ld is greater than the area of the unit 104 having the 
spectral characteristic R. It is preferable , as illustrated in 
FIG . 11A to FIG . 11H , that the unit 105 having the spectral 
characteristic M be adjacent to the unit 102 having the 
spectral characteristic Gb . As illustrated in FIG . 11A and 
FIG . 11B , there may be provided , between the unit 101 
having the spectral characteristic Ld and the units 102 and 
105 having the spectral characteristics Gb and M , units 
having other spectral characteristics ( e.g. , the units 103 and 
104 having the spectral characteristics B and R ) . The unit 
101 having the spectral characteristic Ld is not adjacent to 
the units 102 and 105 having the spectral characteristics Gb 
and M , and this facilitates distinction between red and green . 
[ 0148 ] The M cones respond not only to light of the unit 
102 , but also respond sufficiently to light of the unit 105 . 
Therefore , even when , for example , the size of the unit 102 
and the unit 105 is reduced to about half the size of the unit 
103 as illustrated in FIG . 11B and FIG . 11C , it is still 
possible to allow the M cones to sufficiently respond . 
However , since the sensitivity of the L cones is low in the 
emission region of the unit 101 as in the other embodiments , 
it is preferable that the size of the unit 101 be greater than 
those of the other units . 
[ 0149 ] As described above , the display device 1 according 
to the sixth embodiment includes the five types , the unit 101 , 
the unit 102 , the unit 103 , the unit 104 , and the unit 105 , 
which are independently controlled . This allows efficient 
and flexible color correction that makes it easier for color 
blind persons to distinguish between green and red . Since an 
image can be displayed by using conventional RGB pixels 
alone , it is also possible to provide more convenience to 
persons with normal color vision . 

including data corresponding to the R value , the G value , 
and the B value in the RGB color space , for example , the 
signal SIG for a non - RGB color space , such as the YUV 
color space , the XYZ color space , or the CMY color space , 
may be received as an input signal . In this case , the display 
device 1 may include a converter that converts the signal 
SIG for the non - RGB color space to the signal RGB for the 
RGB color space . Examples of the RGB color space include 
the sRGB color space and the Adobe RGB color space . 
Examples of the YUV color space include the YCbCr color 
space and the YPbPr color space . Examples of the CMY 
color space include the CMYK color space . 
[ 0152 ] On the basis of the signal RGB , the drive unit 60 
generates the drive signal DRV suitable for the structure of 
the element unit 10. In the first to sixth embodiments , the 
units 101 and 104 each exhibit a luminance corresponding to 
the R value . The units 102 and 105 each exhibit a luminance 
corresponding to the G value . The unit 103 exhibits a 
luminance corresponding to the B value . Since the unit 101 
is provided to distinguish red color in the first place , the unit 
101 is to be used to display the R channel of the image . 
Accordingly , the units 101 and 104 each exhibit a luminance 
corresponding to the R value . Similarly , since the unit 105 
is provided to distinguish green color in the first place , the 
unit 105 is to be used to display the G channel of the image . 
Accordingly , the units 102 and 105 each exhibit a luminance 
corresponding to the G value . Then , each of the plurality of 
units 101 changes in luminance in conjunction with any of 
the plurality of units 104. Specifically , each of the plurality 
of units 101 changes in luminance within one second before 
or after a change in the luminance of any of the plurality of 
units 104. Each of the plurality of units 101 may change in 
luminance simultaneously with a change in the luminance of 
any of the plurality of units 104. Similarly , each of the 
plurality of units 105 changes in luminance in conjunction 
with any of the plurality of units 102. Specifically , each of 
the plurality of units 105 changes in luminance within one 
second before or after a change in the luminance of any of 
the plurality of units 102. Each of the plurality of units 102 
may change in luminance simultaneously with a change in 
the luminance of any of the plurality of units 105 . 
[ 0153 ] The controller 40 is provided with a database 20 
that holds color vision information . The controller 40 has the 
function of calculating a gain of RGB signals required for 
correction on the basis of the color vision information in the 
database 20. Then , the controller 40 generates a correction 
table of the RGB signals for each color and sends the 
generated table to the drive unit 60 . 
[ 0154 ] The drive unit 60 receives the input signal SIG and 
adjusts the signal SIG by using the control signal CTRL sent 
from the controller 40. The drive signal DRV generated by 
the adjustment is output to the element unit 10. For the drive 
signal DRV based on the R value , the drive unit 60 can apply 
different gains to the drive signal DRV for driving the unit 
101 and the drive signal DRV for driving the unit 104. For 
the drive signal DRV based on the G value , the drive unit 60 
can apply different gains to the drive signal DRV for driving 
the unit 102 and the drive signal DRV for driving the unit 
105 . 
[ 0155 ] The color vision information in the database 20 
may include a plurality of patterns . For example , the color 
vision information may include a first pattern corresponding 
to normal color vision , a second pattern corresponding to 
monochromatism , and a third pattern corresponding to 

Seventh Embodiment 

[ 0150 ] An operation of the display device 1 will now be 
described as a seventh embodiment . The seventh embodi 
ment is applicable to any of the first to sixth embodiments . 
[ 0151 ] The display device 1 uses a signal RGB including 
data corresponding to the R value , the G value , and the B 
value in the RGB color space . When the image signal SIG 
received by the display device 1 is not the signal RGB 

a 



US 2022/0272308 A1 Aug. 25 , 2022 
17 

TABLE 2 

Type a Type B Type y Type 8 
0 Normal Color Vision 

Monochromatism 
Dichromatism 

100 
125 
110 
115 

0 
0 
0 

150 
180 
125 200 

dichromatism . The display device 1 receives an instruction 
signal CLB representing a user's adjustment instruction . On 
the basis of the instruction signal CLB , one of the plurality 
of patterns of the color vision information held in the 
database 20 is selected . On the basis of the pattern selected , 
the controller 40 generates a correction table for each color 
and sends the control signal CTLR based on the correction 
table to the drive unit 60. If the first pattern corresponding 
to normal color vision is selected as the color vision infor 
mation held in the database 20 , the controller 40 may not 
send the control signal CTRL and the drive unit 60 may 
output the drive signal DRV of standard type . 
( 0156 ] As described above , in the present embodiment , 
even for a person with monochromatism or dichromatism , a 
difference in sensitivity between the L cones and the M 
cones can be easily created by light of the type a unit 101 , 
and a color correction most suitable for each person can be 
made . 

a 

Eighth Embodiment 

[ 0161 ] If a person has monochromatism , such as that 
illustrated in FIG . 12B , the amount of response of the L 
cones to red light is smaller than that in the case of a person 
with normal color vision . Accordingly , a correction is made 
to increase the emission intensity of red light . Since an 
increase in the intensity of emission from the type d unit 104 
causes an excessive response of the M cones , a correction 
involving weakening the intensity of emission from the type 
ß unit 102 is also made to cancel out the excessive response . 
[ 0162 ] If a person has monochromatism , emission from 
the type d unit 104 does not easily create a difference in the 
amount of response between the L cones and the M cones . 
Emission from the type a unit 101 can allow any amount of 
response from the L cones without causing an excessive 
response of the M cones . Accordingly , when it is necessary 
to allow a dominant response of the L cones over the 
response of the M cones , a correction is made to cause 
emission from the type a unit 101 at an intensity that allows 
the L cones to sufficiently respond . 
[ 0163 ] If a person has dichromatism , such as that illus 
trated in FIG . 12C , since the M cones excessively respond 
to emission from the type d unit 104 , a difference in the 
amount of response between the L cones and the M cones is 
not easily created . On the other hand , the response of the L 
cones to emission from the type a unit 101 is dominant over 
the response of the M cones thereto . Accordingly , when it is 
necessary to allow a dominant response of the L cones over 
the response of the M cones , a correction is made to weaken 
the intensity of emission from the type 8 unit 104 and 
increase the intensity of emission from the type a unit 101 . 
The sensitivity of the L cones to light in the emission region 
of the type a unit 101 is considerably lower than that in the 
emission region of the type d unit 104. Accordingly , to 
weaken the intensity of emission from the type d unit 104 , 
the intensity of emission from the type a unit 101 is 
corrected in such a way that the amount of increase in the 
intensity of emission from the type a unit 101 is greater than 
the amount of decrease in the intensity of emission from the 
type d unit 104. Since the M cones excessively respond to 
emission from the type d unit 104 , a correction involving 
weakening the intensity of emission from the type ß unit 102 
is also made to cancel out the excessive response . 
[ 0164 ] From a plurality of results of image correction 
made as described above , the color vision information of the 
person is estimated and the amount of gain adjustment for 
each pixel is determined . In the present example , the types 
of color vision tests , including the availability of such a 
testing function , are not particularly limited . The testing 
method is also not particularly limited to one that uses the 
pseudoisochromatic plates , and may be a hue arrangement 
test . Also , the method of gain adjustment for each pixel is 
not limited to that described above . 
[ 0165 ] The color vision testing method for the display 
device 1 of the sixth embodiment is not significantly differ 
ent from the color vision testing method for the display 
device 1 of the fifth embodiment . However , when adjust 
ment is made to enable recognition of numbers in the 

[ 0157 ] An eighth embodiment is an embodiment that can 
be combined with the seventh embodiment . The controller 
40 may include a color vision testing means 30. The eighth 
embodiment allows a person to enter the person's own color 
vision information into the display device 1. The color 
vision information includes the wavelength sensitivity func 
tions of the L , M , and S cones and the color matching 
functions of the RGB pixels expected therefrom . The color 
vision testing means 30 may select newly created color 
vision information . The display device 1 may include the 
color vision testing means 30 in the present embodiment . 
The color vision testing means 30 may be implemented by 
a hardware circuit or may be implemented by a processor 
( e.g. , MPU , FPGA , or DSP ) and software . The color vision 
testing means 30 may be implemented by a combination of 
both of the above . 

[ 0158 ] A color vision testing method may be implemented 
by a program generated on the basis of pseudoisochromatic 
plates . The pseudoisochromatic plates are plates each 
depicting a number with a combination of colors that cannot 
be easily perceived by a colorblind person . A determination 
of whether the person has normal color vision can be made 
on the basis of whether the person can read the number 
correctly . Even if the person cannot read the number , adjust 
ing the gain of the RGB pixels enables the person to 
correctly read the number in most cases . From the amount 
of gain adjustment of the RGB pixels performed here , the 
color vision information of the person can be expected . 
[ 0159 ] The types of color vision tests , including the avail 
ability of such a testing function , are not particularly limited . 
The testing method is also not particularly limited to one that 
uses the pseudoisochromatic plates , and may be a hue 
arrangement test . 
[ 0160 ] In the color vision testing method for the display 
device 1 of the fifth embodiment , when adjustment is made 
to enable recognition of numbers in the pseudoisochromatic 
plates , the gain adjustment of the type a unit 101 is added 
to the adjustment . As an example , Table 2 shows a result of 
correction of any image that can be obtained by a color 
vision test for the display device 1 of the fifth embodiment . 

a 
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EXAMPLES pseudoisochromatic plates , the gain adjustment of the type 
e unit 105 is added to the adjustment in the present embodi 
ment . As an example , Table 3 shows a result of correction of 
any image that can be obtained by a color vision test for the 
display device 1 of the sixth embodiment . 

a 

TABLE 3 

Type a Type B Type y Type d Type & 
Normal Color Vision 
Monochromatism 
Dichromatism 

0 
60 
100 

175 
110 
175 

90 
60 
75 

50 
60 

0 
100 

30 50 

[ 0166 ] If a person has monochromatism , such as that 
illustrated in FIG . 12B , since the L cones excessively 
respond to emission from the type B unit 102 , a difference in 
the amount of response between the L cones and the M cones 
is not easily created . On the other hand , the response of the 
M cones to emission from the type ? unit 105 is dominant 
over the response of the L cones thereto . Accordingly , when 
it is necessary to allow a dominant response of the M cones 
over the response of the L cones , a correction is made to 
weaken the intensity of emission from the type ß unit 102 
and increase the intensity of emission from the type ? unit 
105. However , since emission from the type ? unit 105 also 
stimulates the response of the S cones , an additional cor 
rection is made which involves weakening the luminance of 
( or the intensity of emission from ) the type y unit 103 to 
cancel out the response . If a person has monochromatism , 
the amount of response of the L cones to emission from the 
type d unit 104 is smaller than that in the case of a person 
with normal color vision . A correction to be made here will 
not be described , as it is substantially the same as that 
described in the embodiment . 
[ 0167 ] If a person has dichromatism , such as that illus 
trated in FIG . 12C , the amount of response of the M cones 
to emission from the type B unit 102 is smaller than that in 
the case of a person with normal color vision . However , an 
increase in the intensity of emission from the type B unit 102 
results in an excessive response of the L cones . Accordingly , 
the amount of response is corrected by correcting emission 
from the type ? unit 105. Since emission from the type E unit 
105 causes an excessive response of the S cones , a correc 
tion involving weakening the luminance of ( or the intensity 
of emission from ) the type y unit 103 is also made to cancel 
out the excessive response . If a person has dichromatism , the 
amount of response of the Mcones to emission from the type 
8 unit 104 is more excessive than that in the case of a person 
with normal color vision . A correction to be made here will 
not be described , as it is substantially the same as that 
described in the third embodiment . 

[ 0168 ] From a plurality of results of image correction 
made as described above , the color vision information of the 
person is estimated and the amount of gain adjustment for 
each pixel is determined . In the present example , the types 
of color vision tests , including the availability of such a 
testing function , are not particularly limited . The testing 
method is also not particularly limited to one that uses the 
pseudoisochromatic plates , and may be a hue arrangement 
test . Also , the method of gain adjustment for each pixel is 
not limited to that described above . 

[ 0169 ] In the present example , a configuration of the 
display device 1 will be described in which , as illustrated in 
FIG . 3A , the color filter array 137 of three colors is disposed 
on the light emitting layer 134 that emits white light by 
electroluminescence of an organic material . Unlike the ele 
ment 111 illustrated in FIG . 3A , the element 111 of the 
present example does not include the wavelength adjuster 
139 which is not a color filter . In the element 111 of the 
present example , the spectral transmittance of the color filter 
is adjusted to achieve the spectral characteristic described 
below . The dimension ( pixel size ) of an element ( pixel ) 
serving as a display unit is 1 um to 10 um , typically about 
5 um to 10 um , and the area of one pixel is 1 um² to 100 um ?, 
typically 25 um to 100 pm² . In the present example , the 
pixel size is 7 um and the pixel area is about 50 um ?. As 
illustrated in FIG . 9D , the pixels of three colors ( red , green , 
and blue ) categorized by the colors of the color filters are in 
a delta arrangement . The diagonal dimension of a display 
region is typically 0.1 inches ( 2.54 mm ) to 1 inch ( 25.4 mm ) , 
and is 0.5 inches ( 12.7 mm ) in the present example . 
[ 0170 ] An example of the spectral radiance characteristic 
of the display device 1 is illustrated in FIG . 13B . The 
spectral radiance characteristic in FIG . 13B is shown as an 
absolute luminance without being normalized , and the spec 
tral radiance achieved when the display device 1 performs 
display at the highest level is shown as an absolute lumi 
nance without being normalized . That is , the spectral radi 
ance in FIG . 13B is the highest spectral radiance of each of 
the display units at each wavelength . In the display device 
1 of the present example , when all the display units are 
displayed at the highest integrated radiance and integrated 
photometric luminance , an integrated photometric lumi 
nance of about 500 cd / m2 to 1000 cd / m² can be achieved . 
For example , when the specifications of power consumption 
and product life are changed by changing the design of the 
display device 1 , even an integrated photometric luminance 
of 1000 cd / m2 to 5000 cd / m² can be achieved . 
[ 0171 ] The element 111 having a red color filter is the type 
a unit 101 having a spectral characteristic LR illustrated in 
FIG . 13B . Since light of the unit 101 at a wavelength of 550 
nm or less is almost negligibly weak , the spectral charac 
teristic LR at a wavelength of 550 nm or less is not shown 
in FIG . 13B . Like the unit 101 described in the third 
embodiment , the unit 101 exhibits the maximum luminance 
PL at the wavelength aL in a range of greater than or equal 
to 650 nm and less than 700 nm . Also , as in the case of the 
third embodiment , the unit 101 exhibits the maximum 
luminance PR at the wavelength aR in a range of greater 
than or equal to 600 nm and less than 650 nm . Thus , the unit 
101 exhibits the maximum luminances PR and PL at the 
wavelengths aR and aL in a range of greater than or equal 
to 600 nm and less than 700 nm . The maximum luminance 
PL is higher than the maximum luminance PR and is the 
highest spectral radiance of visible light exhibited by the 
unit 101. Accordingly , the peak wavelength of the unit 101 
is the wavelength QL and the peak luminance of the unit 101 
is the maximum luminance PL . In the present example , the 
wavelength NL is 660 nm and the wavelength R is 610 nm . 
As can be understood from FIG . 13B , the maximum lumi 
nance PL and the maximum luminance PR are greater than 
or equal to 0.01 W / sr / m² / nm . Therefore , it can be understood 
by referring to FIG . 13A that the maximum luminance PL 
and the maximum luminance PR are greater than or equal to 

a 



US 2022/0272308 A1 Aug. 25 , 2022 
19 

a 

0.04 cd / m² in terms of spectral photometric luminance . Also , 
the maximum luminance PL and the maximum luminance 
PR are greater than or equal to 1 cd / m² in terms of spectral 
photometric luminance . Although the maximum luminance 
PL is less than 5 cd / m² in terms of spectral photometric 
luminance , the maximum luminance PR is greater than or 
equal to 5 cd / m2 in terms of spectral photometric luminance . 
The maximum luminance PL in the present example is 0.021 
W / sr / m² / nm , which can be converted by equation ( 5 ) to a 
spectral photometric luminance of 1 cd / m2 . The maximum 
luminance PR in the present example is 0.018 W / sr / m² / nm , 
which can be converted by equation ( 5 ) to a spectral 
photometric luminance of 6.9 cd / m² . The sum of the spectral 
photometric luminance at the wavelength aR and the spec 
tral photometric luminance at the wavelength aL is 7.9 
cd / m² , and the integrated photometric luminance of the unit 
101 including luminances at other wavelengths is greater 
than or equal to 5 cd / m² . A comparison between the maxi 
mum luminance PL and the maximum luminance PR shows 
that the maximum luminance PL is higher than the maxi 
mum luminance PR in terms of spectral photometric lumi 
nance , whereas the maximum luminance PR is higher than 
the maximum luminance PL in terms of spectral radiance . 
That is , the peak wavelength of the unit 101 is wavelength 
al , the dominant wavelength of the unit 101 is the wave 
length 2R , and the peak wavelength ( wavelength NL ) of the 
unit 101 is longer than the dominant wavelength ( wave 
length aR ) of the unit 101. This means that a person with 
normal color vision can view the unit 101 as normal red 
without much feeling of strangeness , and a colorblind per 
son can view the unit 101 as red which can be more clearly 
distinguished from green . 
[ 0172 ] The element 112 having a green color filter is the 
type ß unit 102 having a spectral characteristic GY illus 
trated in FIG . 13B . The unit 102 exhibits the maximum 
luminance PG at the wavelength 2G greater than or equal to 
500 nm and less than 550 nm . The element 112 also exhibits 
a maximum luminance PY at the wavelength a greater than 
or equal to 550 nm and less than 600 nm . Thus , the element 
112 exhibits the maximum luminances PG and PY at the 
wavelengths aG and AY greater than or equal to 500 nm and 
less than 600 nm . The maximum luminance PG is higher 
than the maximum luminance PY and is the highest spectral 
radiance of visible light exhibited by the unit 102. Accord 
ingly , the peak wavelength of the unit 102 is the wavelength 
aG and the peak luminance of the unit 102 is the maximum 
luminance PG . In the present example , the wavelength ag 
is 525 nm and the wavelength a Y is 565 nm . As can be 
understood from FIG . 13B , the maximum luminance PG and 
the maximum luminance PY are greater than or equal to 0.01 
W / sr / m2 / nm . Therefore , it can be understood by referring to 
FIG . 13A that the maximum luminance PL and the maxi 
mum luminance PR are greater than or equal to 0.04 cd / m² 
in terms of spectral photometric luminance . Also , the maxi 
mum luminance PL and the maximum luminance PR are 
greater than or equal to 1 cd / m2 and even greater than or 
equal to 5 cd / m² in terms of spectral photometric luminance . 
The maximum luminance PG in the present example is 0.03 
W / sr / m² / nm , which can be converted by equation ( 5 ) to a 
spectral photometric luminance of 16 cd / m² . The maximum 
luminance PY in the present example is 0.01 W / sr / m² / nm , 
which can be converted by equation ( 5 ) to a spectral 
photometric luminance of 6.8 cd / m² . The sum of the spectral 
photometric luminance at the wavelength NG and the spec 

tral photometric luminance at the wavelength aY is 22.8 
cd / m² , and the integrated photometric luminance of the unit 
102 including luminances at other wavelengths is greater 
than or equal to 5 cd / m2 and can be greater than or equal to 
35 cd / m2 . 
[ 0173 ] The element 113 having a blue color filter is the 
type y unit 103 having the spectral characteristic B illus 
trated in FIG . 13B . Since light of the unit 103 at a wave 
length of 550 nm or more is almost negligibly weak , the 
spectral characteristic B at a wavelength of 550 nm or more 
is not shown in FIG . 13B . The unit 103 exhibits the 
maximum luminance PB at the wavelength aB greater than 
or equal to 400 nm and less than 500 nm . The wavelength 
aB is preferably greater than or equal to 400 nm and less 
than 480 nm . Since the unit 102 does not exhibit a maximum 
luminance at wavelengths other than the wavelength 2B , the 
peak wavelength of the unit 103 is the wavelength 2B and 
the peak luminance of the unit 103 is the maximum lumi 
nance PB . In the present example , the wavelength XB is 455 
nm . As can be understood from FIG . 13B , the maximum 
luminance PB is greater than or equal to 0.01 W / sr / m² / nm . 
Therefore , it can be understood by referring to FIG . 13A that 
the maximum luminance B is greater than or equal to 0.04 
cd / m² in terms of spectral photometric luminance . Since the 
maximum luminance PB is greater than or equal to 0.02 
W / sr / m² / nm , the maximum luminance PB is greater than or 
equal to 1 cd / m² but less than 5 cd / m² in terms of spectral 
photometric luminance . The maximum luminance PG in the 
present example is 0.035 W / sr / m ? / nm , which can be con 
verted by equation ( 5 ) to a spectral photometric luminance 
of 1.7 cd / m² . The sum of the spectral photometric luminance 
at the wavelength 2G and the spectral photometric lumi 
nance at the wavelength a Y is 22.8 cd / m² , and the integrated 
photometric luminance of the unit 101 including luminances 
at other wavelengths is greater than or equal to 5 cd / m² and 
can be greater than or equal to 35 cd / m² . 
[ 0174 ] The relation between the maximum luminances 
PL , PR , PY , PG , and PB in terms of spectral radiance is 
expressed as PY < PR < PL < PG < PB , as can be understood 
from FIG . 13B . Thus , the maximum luminance PL repre 
senting the highest spectral radiance of the unit a at the 
wavelength aL is preferably higher than the maximum 
luminance PR representing the highest spectral radiance of 
the unit a at the wavelength aR ( PR < PL ) . The maximum 
luminance PL representing the highest spectral radiance of 
the unit a at the wavelength aL is preferably higher than the 
maximum luminance PY representing the highest spectral 
radiance of the unit ß at the wavelength 2Y ( PY < PL ) . In the 
present example , the maximum luminance PL representing 
the highest spectral radiance of the unit a at the wavelength 
aL is lower than the maximum luminance PG representing 
the highest spectral radiance of the unit B at the wavelength 
aG ( PL < PG ) , but it is also preferable that the maximum 
luminance PL be higher than the maximum luminance PG 
( PG < PL ) . In the present example , the maximum luminance 
PL representing the highest spectral radiance of the unit a at 
the wavelength aL is lower than the maximum luminance 
PB representing the highest spectral radiance of the unit y at 
the wavelength 2B ( PL < PB ) , but it is also preferable that the 
maximum luminance PL be higher than the maximum 
luminance PB ( PB < PL ) . The maximum luminance PL rep 
resenting a spectral radiance may be highest of the spectral 
radiances exhibited by the three units 101 , 102 , and 103 at 
the respective peak wavelengths . That is , the relation may be 
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PG < PB < PL or PB < PG < PL . Making the maximum lumi 
nance PL in terms of spectral radiance as high as possible is 
advantageous in allowing a colorblind person to more easily 
distinguish red color . It is also preferable that the maximum 
luminance PB representing the highest spectral radiance of 
the unit y at the wavelength aB be higher than the maximum 
luminance PG representing the highest spectral radiance of 
the unit ß at the wavelength NG ( PG < PB ) . This is because 
the luminous efficiency for blue light is lower than that for 
green light . That is , by increasing the spectral radiance of 
blue light , it is possible to increase the spectral photometric 
luminance of blue light and provide a desirable color . In the 
present example , as can be understood from the spectral 
photometric luminance described above , the relation 
between the maximum luminances PL , PR , PY , PG , and PB 
in terms of spectral photometric luminance is 
PL < PB < PY < PR < PG . The maximum luminance PL repre 
senting a spectral photometric luminance may be lowest of 
the spectral photometric luminances exhibited by the three 
units 101 , 102 , and 103 at the respective peak wavelengths . 
That is , the relation may be PL < PB < PG or PL < PG < PB . 
Making the maximum luminance PL in terms of spectral 
photometric luminance as low as possible is advantageous in 
reducing feeling of strangeness toward colors in the image . 
As described above , however , the maximum luminance PL 
for sufficiently stimulating the L cones is greater than or 
equal to 0.04 cd / m² , preferably greater than or equal to 1 
cd / m² , and more preferably greater than or equal to 5 cd / m² 
in terms of spectral photometric luminance . 
[ 0175 ] In the present example , where the light emitting 
layer 134 emitting white light is shared among units of 
different colors and the color filter array 137 divides the 
white light into colors , the unit 102 exhibiting green may 
exhibit a maximum luminance in the vicinity of the wave 
length aR at which the unit 102 exhibiting red exhibits the 
maximum luminance PR . Similarly , the unit 102 exhibiting 
green may exhibit a maximum luminance in the vicinity of 
the wavelength aB at which the unit 103 exhibiting blue 
exhibits the maximum luminance PB . Green may not be 
distinguished if the unit 102 exhibits a high maximum 
luminance outside a wavelength range of 500 nm to 600 nm 
as described above . Accordingly , it is preferable that the 
luminance exhibited by the unit 102 at the wavelength aR 
greater than or equal to 600 nm be lower than the luminance 
exhibited by the unit 101 in the vicinity of the wavelength 
AR . Similarly , it is preferable that the luminance exhibited 
by the unit 102 at the wavelength ?B less than 500 nm be 
lower than the maximum luminance exhibited by the unit 
103 at the wavelength aB . Since the luminous efficiency is 
equal in the comparison between the maximum luminances 
at the same wavelength , the relation between the spectral 
photometric luminances and the relation between the spec 
tral radiances are not reversed . Therefore , the comparison 
described above holds true for both the spectral photometric 
luminance and the spectral radiance . Similarly , it is prefer 
able that the luminances exhibited by the unit 101 and the 
unit 103 at the wavelengths 2G and NY be lower than the 
maximum luminances exhibited by the unit 102 at G and 
ày . It is also preferable that the luminances exhibited by the 
unit 101 and the unit 102 at the wavelength abe lower than 
the maximum luminance exhibited by the unit 103 at the 
wavelength aB . 
[ 0176 ] The present invention is not limited to the embodi 
ments described above and various modifications are pos 

sible . For example , an example in which a part of the 
configuration of any of the embodiments is added to another 
of the embodiments and an example in which a part of the 
configuration of any of the embodiments is replaced by a 
part of the configuration of another of the embodiments , are 
also embodiments of the present invention . 
[ 0177 ] The embodiments described above can be appro 
priately changed without departing from the scope of the 
technical ideas . The disclosed content of the present speci 
fication includes not only that described in the present 
specification , but also includes all matters that can be 
understood from the present specification and the drawings 
accompanying the present specification . The disclosed con 
tent of the present specification includes complements of 
concepts described in the present specification . That is , for 
example , if “ A is greater than B ” is described in the present 
specification , it can be said that “ A is not greater than B ” is 
disclosed without stating that “ A is not greater than B ” . This 
is because the description “ A is greater than B ” assumes that 
“ A is not greater than B ” is taken into consideration . 
[ 0178 ] The present invention can provide a display device 
that allows a colorblind person to easily distinguish colors . 
[ 0179 ] While the present invention has been described 
with reference to exemplary embodiments , it is to be under 
stood that the invention is not limited to the disclosed 
exemplary embodiments . The scope of the following claims 
is to be accorded the broadest interpretation so as to encom 
pass all such modifications and equivalent structures and 
functions . 

1. A display device configured to perform display in a 
plurality of display units by using a light source , wherein 

the plurality of display units include a first type unit and 
a second type unit ; 

a peak wavelength of the first type unit is a first wave 
length in a range of greater than or equal to 650 nm and 
less than or equal to 700 nm ; 

a peak wavelength of the second type unit is a second 
wavelength in a range of greater than or equal to 520 
nm and less than 650 nm ; and 

the first type unit and the second type unit exhibit a 
luminance of greater than or equal to 0.04 cd / m² . 

2. A display device configured to perform display in a 
plurality of display units by using an electroluminescent 
light source , wherein 

the plurality of display units include a first type unit and 
a second type unit ; 

the first type unit exhibits a maximum luminance at a first 
wavelength in a range of greater than or equal to 650 
nm and less than or equal to 700 nm ; 

the second type unit exhibits a maximum luminance at a 
second wavelength in a range of greater than or equal 
to 500 nm and less than 600 nm ; and 

a highest spectral radiance of the first type unit at the first 
wavelength is higher than a highest spectral radiance of 
the second type unit at the second wavelength . 

3. The display device according to claim 1 , wherein a 
luminance exhibited by the type unit is greater than or equal 
to 5 cd / m2 . 

4. The display device according to claim 1 , wherein the 
luminance exhibited by the first type unit is greater than or 
equal to 35 cd / m² . 

5. The display device according to claim 1 , wherein a 
spectral radiance at the first wavelength is greater than or 
equal to 0.04 / ( 683 * V ( 8L ) ) [ W / sr / m² / nm ] , where aL [ nm ] is 



US 2022/0272308 A1 Aug. 25 , 2022 
21 

W 

? 

a 

the first wavelength and VaL ) is a standard spectral lumi 
nous efficiency for photopic vision at the first wavelength . 

6. A display device configured to perform display in a 
plurality of display units by using a light source , wherein 

the plurality of display units include a first type unit and 
a second type unit having different structures ; 

the first type unit exhibits a maximum luminance at a first 
wavelength in a range of greater than or equal to 650 
nm and less than or equal to 700 nm ; 

the second type unit exhibits a maximum . luminance at a 
second wavelength in a range of greater than or equal 
to 480 nm and less than 650 nm ; 

the first type unit exhibits a spectral radiance of greater 
than or equal to 1 / ( 683 * V ( AL ) [ W / sr / m® / nm ] at the 
first wavelength , where XL [ nm ] is the first wavelength 
and V ( AL ) is a standard spectral luminous efficiency 
for photopic vision at the first wavelength ; and 

the second type unit exhibits a spectral radiance of greater 
than or equal to 5 / ( 683 * V ( 2S ) ) [ W / sr / m² / nm ] at the 
second wavelength , where AS [ nm ] is the second wave 
length and VaS ) is a standard spectral luminous effi 
ciency for photo vision at the second wavelength . 

7. The display device according to claim 1 , wherein the 
second wavelength is greater than or equal to 520 nm and 
less than 550 nm . 

8. The display device according to claim 1 , wherein the 
second wavelength is a peak wavelength of the second type 
unit . 

9. The display device according to claim 1 , wherein the 
first type unit exhibits a maximum luminance at a third 
wavelength in a range of greater than or equal to 550 nm and 
less than 650 nm . 

10. The display device according to clam 9 , wherein a 
spectral radiance of the first type unit at the third wavelength 
is lower than the spectral radiance of the first type unit at the 
first wavelength . 

11. The display device according to claim 1 , wherein a 
half width for a spectral radiance of the first type unit at the 
first wavelength is greater than or equal to 50 nm . 

12. The display device according to claim 1 , wherein the 
plurality of display units do not include a display unit having 
a peak wavelength in a range of greater than or equal to 550 
nm and less than 650 nm . 

13. The display device according to claim 2 , wherein the 
first wavelength is a peak wavelength of the first type unit . 

14. The display device according to claim 1 , wherein the 
plurality of display units include at least one third type unit 
that exhibits a luminance of greater than or equal to 0.04 
cd / m² ; and 

the third type unit exhibits a maximum luminance at a 
third wavelength in a range of greater than or equal to 
550 nm and less than 650 nm . 

15. The display device according to claim 14 , wherein the 
third wavelength is a peak wavelength of the third type unit . 

16. The display device according to claim 13 , wherein a 
half width for a spectral radiance of the first type unit at the 
first wavelength is less than 50 nm . 

17. The display device according to claim 14 , wherein the 
first type unit changes in luminance within one second 
before or after a change in the luminance of the third type 
unit . 

18. The display device according to claim 1 , wherein the 
plurality of display units include at least one fourth type unit 
that exhibits a luminance of greater than or equal to 0.04 
cd / m² ; and 

the fourth type unit exhibits a maximum luminance at a 
fourth wavelength in a range of greater than or equal to 
480 nm and less than 520 nm . 

19. The display device according to claim 18 , wherein the 
fourth wavelength is a peak wavelength of the fourth type 
unit . 

20. The display device according to claim 18 , wherein the 
luminance exhibited by the fourth type unit is greater than or 
equal to 5 cd / m² 

21. The display device according to claim 1 , wherein the 
plurality of display units include at least one fifth type uni . 
that exhibits a luminance of greater than or equal to 0.04 
cd / m² ; and 

the fifth type unit exhibits a maximum luminance at a fifth 
wavelength in a range of greater than or equal to 400 
nm and less than 480 nm . 

22. The display device according to claim 1 , wherein the 
peak wavelength and a dominant wavelength of the first type 
unit differ from each other . 

23. The display device according to claim 1 , wherein the 
display device receives a signal including data correspond 
ing to an R value , a G value , and a B value in an RGB color 
space , and the first type unit exhibits a luminance corre 
sponding to the R value . 

24. The display device according to claim 1 , wherein the 
first type unit includes a portion that emits light by elec 
troluminescence . 

25. The display device according to claim 1 , wherein the 
first type unit of the plurality of display units the first type 
unit includes a first color filter , and the second type unit of 
the plurality of the display units includes a second color filter 
that differs in transmission characteristic from the first color 
filter . 

26. The display device according to claim 1 , wherein the 
first type unit includes a portion that emits light by photolu 
minescence . 

27. An apparatus comprising : 
the display device according to claim 1 ; and 
a signal generating device configured to generate a signal 

to be received by the display device . 
28. An apparatus comprising : 
the display device according to claim 1 ; and 
an image pickup device configured to take an image to be 

displayed . by the display device . 
29. The apparatus according to claim 27 , wherein the 

apparatus is a wearable apparatus . 
30. The apparatus according to claim 27 , wherein the 

apparatus is any one of an electronic board , a traffic light 
machine , and an in - vehicle indicator . 
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