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(57) Abstract: Provided is an organic light-emitting element for emitting white light in which an optical distance L i between a firsto emission layer (52) and a reflective electrode (80) satisfies Expression (a), and an optical distance L 2 between a second emission lay
er (72) and the reflective electrode (80) satisfies Expression (b) : (λ ι/8). χ(3-(2 ι/π))< ι<(λ ι/8) χ (5-(2 ι/π))... (a); and (λ2/8) χ(-(2 2/π)-
1)< 2<(λ2/8) χ (-(2 2/π)+1)... (b), and in which a refractive index of a first charge transport layer (5 1) formed between a light extrac -
tion electrode (4) and the first emission layer (52) at the wavelength ι is 1.70 or less.



DESCRIPTION
Title of Invention:

ORGANIC LIGHT-EMITTING ELEMENT

Technical Field
[0001] The present invention relates to an organic light-

emitting element, and further, to a display device, an

image information processing apparatus, a lighting

apparatus, an image forming apparatus, and an exposure

device that use such ah organic light-emitting element.

Background Art
[0002] In recent years, an organic light-emitting element,

which is self-emissive with a low drive voltage of

several volts, has attracted attention. An organic

light-emitting element generally has a structure in

which a reflective electrode having a metal reflecting

layer, an emission layer, and a light extraction

electrode are stacked. Such an organic light-emitting

element has excellent characteristics such as surface

emitting characteristics, light weight, and visibility,

and d u e to its characteristics, is being commercialized

as a light-emitting device for, for example, a thin

display, a lighting apparatus, or a head-mounted

display, or as a light source for a print head of an

electrophotographic printer.

[0003 ] demand for a higher definition organic

electroluminescent (EL) display device has been

particularly increasing, and a system using an organic

white-light-emitting element and a color filter

(hereinafter referred to as "white + CF system") has

been attracting attention (Non Patent Literature 1).

The "white + CF system" enables solid vapor deposition

of an organic film on an entire surface of a substrate

without using an extra-fine metal mask, and thus, a

higher yield can be expected compared with that of the

system of discrete pixelation using a mask. Further,



the use of a color filter enables reductions in a pixel

size and an inter-pixel pitch to a limit of

photolithography, to thereby comparatively easily

attain a higher definition.

[0004 ]Further, in the "white + CF system", a tandem element

is often used from the viewpoint of durability, and a

tandem element is also used in Non Patent Literature 1 .

A tandem element generally has a structure in which a

plurality of organic EL units are stacked between a

cathode and an anode via a charge generation layer.

Therefore, the tandem element has excellent

characteristics that a current per element can be

reduced to reduce the rate of drive degradation.

Citation List
Patent Literature

[0005] PTL 1 : Japanese Patent Application Laid-Open No. 2013-

179248

Non Patent Literature
[0006] PL 1 : Chang-Wook Han et . al. SID2012 DIGEST 279

Summary of Invention
Technical Problem

[0007 ]However, the "white + CF system" often has a problem of

lowered luminance due to the color filter. Therefore,

realization of a highly efficient organic white-light-

emitting element that can reduce power consumption is

desired .

[0008] mainstream way of improving emission efficiency of an

organic light-emitting element is to use a microcavity

system. The microcavity system is a system that can

eliminate the need for an uneven structure such as a

microlens, and thus, is suitable for a display device

from the viewpoint of outside light reflecting

characteristics. Light-emitting molecules have the

property of emitting intense light toward space in

which "enhancing interference" of light occurs.

Specifically, an emission speed of exciton can be



increased using optical interference to control an

emission pattern. In the microcavity system, device

parameters (such as a thickness and a refractive index)

are designed so that "enhancing interference" occurs in

a direction of extracting light when seen from the

light-emitting molecule. It is known that, in

particular, when a distance d between a reflecting

surface of the metal reflecting layer and a light

emission position of the emission layer satisfies a

condition: d=iA/(4n) (i=l, 3 , 5 , ...), the emission

intensity is most enhanced by the interference effect.

Symbol i represents an order of interference, symbol λ
represents a peak wavelength of a PL spectrum of.a

light-emitting molecule in a vacuum, and symbol n

represents an effective refractive index between a

light emission point and the metal reflecting layer.

Ordinarily, in an organic white-light-emitting element,

a plurality of emission layers are disposed in

accordance with a wavelength of light emitted therefrom

so that each of the emission layers satisfies the

condition described above.

Incidentally, in a tandem-type element, every color of

emitted light has a different order of interference,

and thus, viewing angle characteristics often become a

problem. This is because, as the order of interference

becomes higher (as the distance d between the

reflecting surface and the light emission position

becomes larger) , luminous intensity distribution

characteristics are degraded (color difference and

emission intensity difference between a front side and

a wide-angle side become larger) . This problem arises

from a fact that, as the order of interference becomes

higher, a change in optical distance d with respect to

a change in angle becomes larger. Further, the

tendency becomes more remarkable as interference

intensity is increased. Therefore , a tandem white-



light-emitting element has a tendency that, when the

interference intensity is increased for the purpose of

improving the emission efficiency, the viewing angle

characteristics are remarkably degraded. Specifically,

there is a problem in that a tradeoff relationship

between the emission efficiency and the viewing angle

characteristics is stronger than that in other

structures.

[0010] he present invention is directed to providing an

organic light-emitting element for emitting white light,

which has both a reduced power consumption and improved

viewing angle characteristics, and various kinds of

apparatuses and devices that use the organic light-

emitting element.

Solution to Problem
[0011] Specifically, according to one aspect of the present

invention, there is provided an organic light-emitting

element for emitting white light, including, in the

stated order:

a first electrode;

a first emission layer;

a second emission layer; and

a second electrode,

the first electrode being a light extraction

electrode,

the second electrode being a reflective electrode,

the first emission layer being an emission layer

for emitting blue light,

in which an optical distance L between the first

emission layer and the second electrode satisfies

Expression (a) , and an optical distance L 2 between the

second emission layer and the second electrode

satisfies Expression (b) :

(λι/8) (3-(2 φ /π))<Li<(Xi /8)* (5-(2q i/n) ) ... (a);

and

(λ2/8) (-(2cp2/n)-l )<L2 < ( 2/8) * (-(2φ2/π )+1) ... (b) ,



where λ ι is a maximum peak wavelength of light emitted

from a light-emitting material included in the first

emission layer, λ2 is a maximum peak wavelength of

light emitted from a light-emitting material included

in the second emission layer, φ is a phase shift at a

time when light of the wavelength λ ι is reflected by

the second electrode, and φ2 is a phase shift at a time

when light of the wavelength λ2 is reflected by the

second electrode, and

in which the organic light-emitting element

further includes a first organic compound layer formed

between the first electrode and the first emission

layer, and a refractive index of the first organic

compound layer at the wavelength λ ι is 1.70 or less.

[0012 ]Further features of the present invention will become

apparent from the following description of exemplary

embodiments with reference to the attached drawings.

Brief Description of Drawings
[0013] FIGS. 1A and B are schematic views of an exemplary

display device that uses an organic light-emitting

element according to the present invention.

FIG. 2 is a schematic view of a lighting apparatus

according to the present invention.

FIG. 3 is a schematic view of an image forming

apparatus according to the present invention.

FIGS. 4A and 4B are schematic views of an exposure

device according to the present invention.

FIG. 5 is a graph showing spectra of light-emitting

materials used in analysis.

FIG. 6 is a graph showing transmittance of color

filters used in the analysis.

FIG. 7 is a graph showing optical characteristics of

materials used in the analysis.

FIG. 8 is a graph showing a relationship between power

consumption and viewing angle characteristics.

FIG. 9 is a graph showing a relationship between power



consumption and viewing angle characteristics.

FIG. 10 is a graph showing a relationship between power

consumption and viewing angle characteristics.

FIG. 11 is a graph showing a relationship between a

thickness of a low refractive index layer and viewing

angle characteristics.

FIG. 12 is a graph showing a relationship between a

refractive index of a first charge transport layer at

λ and power consumption at a time when 5u'v' =0.007.

FIG. 13 is a graph showing a relationship between the

refractive index of the first charge transport layer

and power consumption at the time when 5u'v' =0.007.

FIG. 14 is a graph showing a relationship between a

refractive index of a light extraction electrode and

power consumption at the time when : u v '=0 .007 .

FIG. 15 is a graph showing a relationship between power

consumption and viewing angle characteristics.

FIG. 1 is a graph showing a relationship between a

refractive index of a first emission layer and power

consumption at the time when 6u'v' =0.007.

Description of Embodiment
[0014 ] n organic light-emitting element according to the

present invention is described below with reference to

the attached drawings. FIGS. 1A and B are schematic

views of an exemplary display device that uses an

organic light-emitting element according to the present

invention. FIG. 1A is a perspective view and FIG. IB

is a sectional view taken along the line IB-IB in FIG.

1A.

[0015] In the display device illustrated in FIG. 1A, a

plurality of subpixels 10 are arranged in a display

region 100. The subpixel 10 includes an organic light-

emitting element according to the present invention,

and is to be a light emission point. The organic

light-emitting element illustrated .in FIG. IB is a

tandem organic light-emitting element of a bottom



emission type that emits white light, and includes a

color filter substrate 2 , a light extraction electrode

4 that transmits light as a first electrode, a first

emission layer 52 that emits blue light, a second

emission layer 72, and a reflective electrode 80 as a

second electrode in the mentioned order on a support

substrate 1 . The organic light-emitting element

extracts light through the light extraction electrode 4 .

[0016] With reference to FIG. IB, a subpixel 10R that emits

red light, a subpixel 10G that emits green light, a

subpixel 10B that emits blue light, and a subpixel 10W

that emits white light form one pixel. For the sake of

convenience, the subpixel that emits red light, the

subpixel that emits green light, the subpixel that

emits blue light, and the subpixel that emits white

light are hereinafter sometimes referred to as an "R

subpixel", a "G subpixel", a "B subpixel" and a "W

subpixel", respectively. The R subpixel 10R, the G

subpixel 10G, and the B subpixel 10B include color

filters 3R, 3G, and 3B, respectively, between the

support substrate 1 and the light extraction electrodes

4 . The color filters convert white light that is

emitted from the organic light-emitting elements into

light with colors of their respective pixels.

[0017] n this case, the reflective electrode .80 is a metal

electrode that has a reflectivity of 70% or more at an

emission wavelength. The light extraction electrode 4

is an electrode on a side of extracting light to the

outside, and is formed of a transparent conductive film

having a transmittance of 80% or more at the emission

wavelength. It is to be noted that the emission

wavelength referred to herein is a spectrum range of

white light emitted from the organic light-emitting

element. A material used for the reflective electrode

80 may be any metal electrode having a reflectivity of

70% or more. Metal such as Al, Ag, Mg, W , Ti, Mo, or



Au, an alloy thereof, and a stacked film thereof may be

used, and an optimum material may be selected as

appropriate depending on a film forming process,

injection characteristics, and the like. Further, as

the light extraction electrode 4 , a transparent

conductive material such as ITO, IZO, AZO, IGZO, or

12CaO-7Al 203 (C12A7) or a stacked film thereof may be

used, and an optimum material may be selected as

appropriate depending on the film forming process, the

injection characteristics, and the like.

he organic light-emitting element illustrated in FIG.

B has a plurality of organic compound layers

sandwiched between the light extraction electrode 4 and

the reflective electrode 80. Specifically, the organic

light-emitting element has a first organic EL unit 50

and a second organic EL unit 70. The first organic EL

unit 50 includes a first charge transport layer 51, the

first emission layer 52, and a second charge transport

layer 53. Similarly, the second organic EL unit 70

includes a third charge transport layer 71, the second

emission layer 72, and a fourth charge transport layer

73. For example, when the first charge transport layer

51 is a hole transport layer, the third charge

transport layer 71 is a hole transport layer, and the

second charge transport layer 53 and the fourth charge

transport layer 73 are electron transport layers. On

the other hand, when the first charge transport layer

51 is an electron transport layer, the third charge

transport layer 71 is an electron transport layer, and

the second charge transport layer 53 and the fourth

charge transport layer 73 are hole transport layers.

In the organic light-emitting element illustrated in

FIG. IB, the first charge transport layer 51 is a first

organic compound layer formed between the light

extraction electrode 4 and the first emission layer 52.

Further, the fourth charge transport layer 73 is a



second organic compound layer formed between the

reflective electrode 80 and the second emission layer

72. The second charge transport layer 53 and the third

charge transport layer 71 are third organic compound

layers formed between the first emission layer 52 and

the second emission layer 72. Further, the organic

light-emitting element illustrated in FIG. B includes

a charge generation layer 60 formed between the first

emission layer 52 and the second emission layer 72.

[0019] n optimum material for those charge transport layers

may be selected from the viewpoint of emission

efficiency, drive life, optical interference, or the

like. The hole transport layer may function as an

electron block layer or a hole injection layer. The

electron transport layers may function as a hole block

layer or an electron injection layer. Further, the

charge transport layers may have, for the purpose of

separating functions thereof, a stack structure of, for

example, a hole injection layer and an electron block

layer, or a stack structure of, for example, an

electron injection layer and a hole block layer.

[0020 ]Further, according to the present invention, materials

contained in the respective organic compound layers are

not limited. For example, a light-emitting material

that forms the first emission layer 52 and the second

emission layer 72 may be any one of a fluorescent

material and a phosphorescent material, may be doped

into a host material, or may further have, in addition

to the light-emitting material, at least one kind of

compounds for the purpose of improving performance of

the element.

[0021 ]Further, as the support substrate 1 , there is used an

inorganic film such as SiN, various kinds of glass

substrates such as a high-refractive-index glass

substrate, or a glass substrate or a plastic substrate

having a drive circuit formed thereon including a thin



film transistor (TFT) in which a semiconductor is

formed of poly-Si or amorphous silicon (a-Si) , In-Ga-

Zn-0 (IGZO), or the like.

[0022] In the display device, by setting thicknesses of the

organic compound layers so that luminance in a front

direction is particularly high, the color of emitted

light is controlled by optical interference, and the

light is emitted in the front direction with a higher

efficiency. More specifically, through the setting of

the order of interference i so that a distance d o from

the light emission position of the first emission layer

52 or the second emission layer 72 to the reflecting

surface of the reflective electrode 80 satisfies

d0=iX/4no (i=l, 3 , 5 , ...), a component in the front

direction increases in an emission distribution from

the first emission layer 52 or the second emission

layer 72 to improve luminance on the front side. It is

to be noted that n0 is an effective refractive index of

the layers from the light emission position to the

reflecting surface, and λ is a maximum peak wavelength

of light emitted from the first emission layer 52 or

the second emission layer 72.

[0023 ]Further , accurately taking into consideration a phase

shift at the time when light having the wavelength λ is

reflected by the reflecting surface, an optical

distance L from the light emission position to the

reflecting surface of the reflective electrode 80 is

expressed by Expression (1), provided that the phase

shift at the time when light having the wavelength λ is

reflected by the reflecting surface is cp[rad]. It is

to be noted that the optical distance L is a sum total

of the products of refractive indices n and

thicknesses dj of the respective organic compound

layers. Specifically, L is expressed as j*dj, and is

also expressed as n d0. It is to be noted that φ is a

negative value.



L =(2m- (φ/π)) (λ/4) ... (1)

[0024] In Expression (1), is an integer that is equal to or

larger than 0 . It is to be noted that when cp=-n, if

m=0 then L=X/4, and if m=l then L=3X/4. For the sake

of convenience, the condition m=0 in Expression (1) is

hereinafter referred to as "interference condition of

λ/4" and the condition m=l in Expression (1) is

hereinafter referred to as "interference condition of

3λ/4" .

[0025] In this case, in an actual organic light-emitting

element, taking into consideration viewing angle

characteristics that are in a tradeoff relationship

with extraction efficiency on the front side, it is not

necessarily required that the above-mentioned thickness

be strictly attained. Specifically, it is enough that

the optical distance L is in a range of ±λ/8 from the

value that satisfies Expression (1). Therefore, in the

organic light-emitting element according to the present

invention, it is preferred that Expression (2) be

satisfied. It is further preferred that the Optical

distance L be in a range of ±λ/16 from the value that

satisfies Expression (1), and it is preferred that

Expression (2') be satisfied.

(λ/8) (4m- (2cp/n) -1) <L< (λ/8) * (4m- (2cp/n) +1) ... (2)

(λ/1β) (8m- (4φ/π)-1) <L< (λ/1β) (8m- (4 φ /π)+1) ... (2')

[0026] In the organic light-emitting element according to the

present invention, in order to emit white light with

high emission efficiency, it is preferred that an

optical distance L i between the first emission layer 52

and the reflective electrode 80 and an optical distance

L 2 between the second emission layer 72 and the

reflective electrode 80 satisfy the interference

condition of 3λ/4 and the interference condition of λ/4,

respectively.

[0027 ]Therefore , it is preferred that the optical distance L i

satisfy Expression (a) and further Expression (a'):



(λ !/8 ) χ (3-(2 ι/π ))<^<( λ ι /8 ) χ (5-(2 φ /π ) ) .. . (a)

(λ 1/16 ) (7-(4 φ 1/π ))< 1< (λ /16 ) χ (9-(4 φ /π )), ... (a')

where λ is a maximum peak wavelength of light emitted

from the light-emitting material of the first emission

layer 52, and p i is a phase shift at the time when

light having the wavelength λ is reflected by the

reflective electrode 80.

[0028 ]Further, it is preferred that the optical distance L2

satisfy Expression (b) and further Expression (b') :

(λ 2/8) (-1- (2 2/π ))<L2< ( 2/8) χ (1- (2 φ 2/π )) . . . (b)

(λ 2/16) χ (-1- (4 φ 2/π ))<L2< (λ 2/16) χ (1- (4 φ 2/π )) ... (b' )

where λ is a maximum peak wavelength of light emitted

from the light-emitting material of the second emission

layer 72, and φ 2 is a phase shift at the time when

light having the wavelength λ 2 is reflected by the

reflective electrode 80.

[0029] According to the present invention, the first emission

layer 52 is an emission layer that emits blue light,

and the second emission layer 72 is an emission layer

that emits visible light having a wavelength that is

longer than that of blue light. It is preferred that

the second emission layer 72 include two kinds of

light-emitting materials, and it is further preferred

that the light-emitting materials of the second

emission layer 72 be a light-emitting material that

emits red light and a light-emitting material that

emits green light. Further, from the viewpoint of

power consumption, it is preferred that the wavelength

λ be a maximum peak wavelength of light that is

emitted from any one of the two kinds of light-emitting

materials or a maximum peak wavelength of light

obtained by mixing light beams that are emitted from

the two kinds of light-emitting materials.

[0030] In general, as the order of interference becomes higher

(as the distance L between the reflecting surface and

the light emission position becomes larger) , color



difference and emission intensity difference between

the front side and the wide-angle side becomes larger.

Further, the tendency becomes more remarkable as

interference intensity is increased. Therefore, in a

tandem structure in which different interference

conditions, i.e., the interference condition of 3λ /4

and the interference condition of λ /4, are used for the

optical distance L i and the optical distance L2, there

is a clear tradeoff relationship between the viewing

angle characteristics and the power consumption.

According to the present invention, in a tandem organic

white-light-emitting element in which the first

emission layer 52 is an emission layer that emits blue

light, it is found that both the viewing angle

characteristics and the power consumption can be

improved through the setting of the refractive index of

the first organic compound layer (first charge

transport layer 51) formed between the light extraction

electrode 4 and the first emission layer 52 to be 1.70

or less at the wavelength λ χ.

[0031] n the organic light-emitting element according to the

present invention, it is preferred that the refractive

indices of the second organic compound layer (fourth

charge transport layer 73) and the third organic

compound layers (second charge transport layer 53 and

third charge transport layer 71) be 1.70 or less at the

wavelength λ ι . An organic compound layer having a

refractive index of 1.70 or less at the wavelength λ χ

is hereinafter sometimes referred to as a "low

refractive index layer". Further, it is preferred that

the refractive index of the light extraction electrode

4 at the wavelength λ χ be 2.2 or less. Further, it is

preferred that the refractive index of the first

emission layer 52 at the wavelength λ be in a range of

from 1.8 to 2 .1.

[0032] Further, the organic light-emitting element according



to the present invention may have a structure in which

a non-interfering layer is formed on a light extraction

side of the light extraction electrode 4 . In this case,

it is preferred that the refractive index of the non-

interfering layer at the wavelength λ be 1.65 or less.

The non-interfering layer may be formed of an organic

material or an inorganic material insofar as the

material has the above-mentioned refractive index.

[0033] <Display Device, Image Information Processing apparatus,

Lighting apparatus, Image Forming Apparatus, and

Exposure Device>

The organic light-emitting element according to the

present invention is used in a display device, an image

information processing apparatus, a lighting apparatus,

an image forming apparatus, an exposure device, or the

like .

[0034] As illustrated in FIGS. 1A and IB, the display device

according to the present invention includes a plurality

of light emission points (subpixels 10) . The light

emission point includes the organic light-emitting

element of the present invention. Further, it is

preferred that the display device according to the

present invention include the color filters 3R, 3G, and

3B on the light extraction side.

[0035] An image information processing apparatus according to

the present invention includes an input unit for

inputting image information, and a display unit for

displaying the image information. The display unit is

the display device of the .prese'nt invention.

[0036] A lighting apparatus according to one embodiment of the

present invention includes the organic light-emitting

element of the present invention, and a circuit for

supplying a drive current to the organic light-emitting

element. A lighting apparatus according to another

embodiment of the present invention includes the

organic light-emitting element of the present invention,



and a heat dissipation member.

[0037] IG . 2 is a schematic view illustrating a lighting

apparatus according to the present invention. The

lighting apparatus includes a substrate, an organic

light-emitting element 138, and an AC-to-DC converter

circuit 139. The lighting apparatus may further

include a heat dissipation member such as a heat

dissipating plate (not shown) on, for example, a rear

surface side with respect to a substrate surface on

which the organic light-emitting element 138 is mounted.

[0038] An image forming apparatus according to the present

invention is an electrophotographic image forming

apparatus including a photosensitive member, a charging

unit for charging the photosensitive member, an

exposure unit for exposing the photosensitive member,

and a developing unit for supplying the photosensitive

member with developer, to thereby develop an

electrostatic latent image formed on the photosensitive

member. The exposure unit includes the organic light-

emitting element of the present invention, and the

organic light-emitting elements are arranged, for

example, in a line along a long axis direction of the

photosensitive member.

[0039] FIG. 3 is a schematic view of an image forming

apparatus 126 according to the present invention. The

image forming apparatus 126 includes a photosensitive

member 127, an exposure unit 128, a charging unit 130,

a developing unit 131, a transfer unit 132, conveying

rollers 133, and a fixing unit 135. Light 129 is

emitted from the exposure unit 128, and an

electrostatic latent image is formed on a surface of

the photosensitive member 127. The exposure unit 128

includes the organic light-emitting element according

to the present invention. The developing unit 131

includes toner and the like. The charging unit 130

charges the photosensitive member 127. The transfer



unit 132 transfers a developed image onto a recording

medium 134. The conveying rollers 133 convey the

recording medium 134. The recording medium 134 is, for

example, paper. The fixing unit 135 fixes the image

formed on the recording medium 134.

[0040] The exposure device according to the present invention

is arranged in the electrophotographic image forming

apparatus that includes the photosensitive member, the

charging unit for charging the photosensitive member,

and the developing unit for developing an electrostatic

latent image formed on the photosensitive member, and

is an exposure device for exposing the photosensitive

member. The exposure device includes the organic

light-emitting element of the present invention, and

the organic light-emitting elements are arranged in a

line along a long axis direction of the photosensitive

member .

[0041] FIGS. 4A and 4B are schematic views of the exposure

device according to the present invention. A plurality

of light emission portions 136 are arranged on a long

substrate in the exposure device 128. The light

emission portion 136 includes the organic light-

emitting element of the present invention. An arrow

137 shows a column direction along which the organic

light-emitting elements are arranged. The column

direction is a direction of an axis of the

photosensitive member 127 that rotates. In FIG. 4A,

the light emission portions 136 are arranged along the

long axis direction of the photosensitive member 127.

In FIG. 4B, the light emission portions 136 are

arranged differently from those illustrated in FIG. 4A,

in a staggered arrangement in a first line and a second

line in the column direction. Places in which the

light emission portions 136 are arranged are different

in the first line and in the second line in a row

direction. In the first line, a plurality of light



emission portions 136 are spaced apart from one another.

In the second line, the light emission portions 136 are

arranged at places corresponding to the spaces between

the light emission portions 136 in the first line.

Specifically, the plurality of light emission portions

136 are spaced apart from one another also in a row

direction. The arrangement illustrated in FIG. 4B may

also be referred to as a lattice arrangement, a

staggered arrangement, or checkers.

[0042] The organic light-emitting element according to the

present invention may be, for the purpose of

controlling light emission thereof, connected to an

active element, for example, a switching element such

as a transistor, and it is preferred that the active

element include an oxide semiconductor formed in an

active layer thereof. An oxide semiconductor portion

of the active element may be an amorphous material, a

crystalline material, or a mixture thereof. When the

oxide semiconductor portion is a crystal, the crystal

may be any one of a single crystal, a micro crystal, or

a crystal in which a specified axis such as a c-axis is

oriented, or a mixture of at least any two thereof.

Example
[0043] n the following, a description is given of results of

analysis of a refractive index of the first organic

compound layer (first charge transport layer 51) and

display device characteristics (relationship between

power consumption and viewing angle characteristics) in

the element structure illustrated in FIG. IB.

[004 ]<Calculation Conditions of Analysis>

First, calculation conditions used in the analysis are

described.

[0045] FIG. 5 shows PL spectra of a light-emitting material

that emits red light, a light-emitting material that

emits green light, and a light-emitting material that

emits blue light used in the analysis. The PL spectra



are normalized to a maximum peak value. For the sake

of convenience, the light-emitting material that emits

red light, the light-emitting material that emits green

light, and the light-emitting material that emits blue

light are sometimes referred to as "RD", "GD", and "BD",

respectively. FIG. 6 shows transmittance of the color

filters 3R, 3G, and 3B used in the analysis. The

light-emitting materials and the color filters are not

limited to the ones shown in FIGS. 5 and 6 , and there

may be used any combination with which the display

device characteristics such as a gamut can be optimized.

FIG. 7 shows optical characteristics (refractive

indices and extinction coefficients) of materials Ml to

M5 used for hosts of the emission layers 52 and 72 and

the charge transport layers 51, 53, 71, and 73. It is

to be noted that FIG. 7 also shows optical

characteristics of materials M6 and M7 used for the

charge generation layer 6.0 to be described below. As

the refractive indices of the materials, it is desired

to adopt refractive indices in a blue region in which

dispersion characteristics are conspicuous. In the

present study, as refractive indices at the wavelength

λ , values at a maximum peak wavelength λ=455 nm of BD

shown in FIG. 5 is adopted. The materials M2, M3, and

M5 are materials having refractive indices of 1.70 or

less at the wavelength λ ι . A material having the

refractive index of 1.70 or less at the wavelength λ ι
is hereinafter sometimes referred to as a "low

refractive index material". It is to be noted that it

is desired that an extinction coefficient of a low

refractive index layer according to the present

invention in a wavelength region used be 0.02 or less.

This is because light absorption in the element due to

multiple interference increases to lower the power

consumption. Further, insofar as the refractive index

of a low refractive index layer is 1.70 or less at the



wavelength λι, the low refractive index layer may be

formed only of a low refractive index material, or, for

example, may be formed by doping a hole transport

material or an electron transport material with a low

refractive index material. It is to be noted that the

optical characteristics of the materials can be

measured with a commercially available spectroscopic

ellipsometer using well-known ellipsometry , which is a

method for determining an optical constant of a

substance through observing a change in polarization

state when light is reflected by a surface of the

substance. It is to be noted that as a low refractive

index material, a material that has dielectric

anisotropy and that has the refractive index of 1.70 or

less at the wavelength λι in a direction within a

surface of the substrate may also be selected.

n the present study, multi-objective optimization

calculation was performed under a state in which

thicknesses of the light extraction electrode 4 and of

the charge transport layers 51, 53, 71, and 73 and an

exciton generation ratio γ of GD are variables. Table

1 shows the thicknesses of the light extraction

electrode 4 and of the charge transport layers 51, 53,

71, and 73 and a lower limit value and an upper limit

value of the exciton generation ratio γ of GD.



[0048]Table 1

[004 9]Thicknesses of the first emission layer 52 and the

second emission layer 72 were fixed to 20 nm. With

regard to the light-emitting material, one of the first

emission layer 52 and the second emission layer 72 was

doped only with BD, and the other was mixedly doped

with GD and RD (hereinafter sometimes referred to as

"GD+RD"). The carrier balance factor was assumed 1 ,

and exciton generation efficiencies of BD and GD+RD

were assumed 0.4 and 1 , respectively. In other words,

when the exciton generation ratio of GD is γ , the

exciton generation ratio of RD is l-γ . Further, light

emission yields in bulk of BD, GD, and RD were assumed

to be 0.82, 0.82, and 0.71, respectively. In this case,

the light emission yield in bulk is the light emission

yield of the light-emitting material when no optical

interference exists. In an optical simulation, the

dipole model proposed by Chance, Prock, and Silbey

(CPS) et al. (see Expression (2) in Nowy et.al.,

Journal of Applied Physics 104, 123109 (2008)) was used.

It is to be noted that the emission layers 52 and 72

were formed by doping the host material with a light-

emitting dopant, and were assumed to have a refractive

index that equals to .a refractive index of the material

used as the host.



[0050] he charge generation layer 0 was assumed to be a

stacked film of a Cs-doped electron injection layer and

Mo0 3, and the calculation was performed on the

assumption that both had a thickness of 5 nm. Optical

characteristics of the Cs-doped layer and of M0O 3 were

shown as M6 and 7, respectively, in FIG. 7 . An effect

of the present invention is not influenced by the

material of the charge generation layer 60, and an

optimum material may be selected as appropriate

depending on the film forming process, the injection

characteristics, and the like.

[0051] In the present analysis, a bottom emission type

illustrated in FIG. IB is assumed, and the calculation

was performed on the assumption that a layer in contact

with the light extraction side of the light extraction

electrode 4 was a non-interfering layer (incoherent

layer) having a refractive index of 1.45 at the

wavelength λ 1. Further, it was assumed that the light

extraction electrode 4 was TO and the reflective

electrode 80 was Al .

[0052] A multi-objective optimization algorithm was run using

NESA+, .and the optimization calculation was performed

so that the power consumption and the viewing angle

characteristics were at the minimum. Further,

conditions under which experiments were successful are

shown in Table 2 . The values show light emission

characteristics in the front direction. Further, the

viewing angle characteristics (5u'v') are maximum

values of chromaticity change at an angle that is 60°

from a direction of a normal to the substrate. A graph

showing the relationship between the power consumption

and the viewing angle characteristics as a result of

the analysis shows Pareto optimal solution formed of

successful experiment values.



[0053]Table 2

[0054] Table 3 shows specifications of the display device that

are preconditions for calculating the power consumption

in the present analysis. An aperture ratio of the

pixel was 25%, and all the aperture ratios of R , G , B,.

and subpixels 10 were 6.25%. In the present analysis,

electric power necessary for the display device

specified in Table 3 to emit white light of CIE Yxy

(x, y )= (0 .313, 0.329) having luminance of 250 cd/cm 2 was

calculated. Specifically, the chromaticity and the

emission efficiency of were determined, and necessary

currents of R , G , B , and W were calculated. In the

present analysis, a drive voltage was assumed to be

13.5 V , and the power consumption was calculated from

the necessary current values.



[0055]Table 3

[0056] <Result of Analysis>

[Effect of Forming First Charge Transport Layer 51 as

Low Refractive Index Layer]

FIG. 8 shows a relationship between the power

consumption and the viewing angle characteristics

(Su'v ) of elements shown in Table 4 .
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[0058] In the elements shown in Table 4 , the first emission

layer 52 is doped only with BD, and the second emission

layer 72 is mixedly doped with GD and RD. In the

element D100, all the emission layers 52 and 72 and the

charge transport layers 51, 53, 71, and 73 are formed

of the material Ml. In the elements D101 to D106, any

one of the layers is formed of the material M2 that is

a low refractive index material, and the other layers

are formed of the material Ml. Therefore, the element

D101 in which the first charge transport layer 51 is

formed of the material M2 is Example of the present

invention, and the other elements are Comparative

Examples .

[0059] s shown in FIG. 8 , in the element D100 as Comparative

Example, the power consumption was about 190 m in a

region with poor viewing angle characteristics (5u'v'

is 0.04 - 0.05), and, as the value of 5u'v' became

smaller, the power consumption increased to reach about

250 mW when 5u'v' was 0.007. As described above, it

can be understood that there is a clear tradeoff

relationship between the power consumption and the

viewing angle characteristics. The other Comparative

Examples (elements D102 to D106) have a similar

tendency. Therefore, it can be understood that no

effect can be obtained by forming only the layers other

than the first charge transport layer 51 of the

material M2 . On the other hand, in the element D101 as

Example, even in a region with the viewing angle

characteristics 5u'v' of 0.02 or less, increase in

power consumption is small, and the tradeoff

relationship between the power consumption and the

viewing angle characteristics is weak. When

5u'v'=0.007, the power consumptions of the element D100

and the element D101 were 250 mW and 187 mW,

respectively, and the power consumptions reduced by

about 25%.



[0060] In the above, it is described that, by forming the

first charge transport layer 51 to be a low refractive

index layer, the tradeoff relationship between the

power consumption and the viewing angle characteristics

can be weakened, and that an effect of reducing the

power consumption is enhanced in a region in which

5u'v' is small.

[0061] [Effect of Forming First Charge Transport Layer 51 as

Low Refractive Index Layer in Element in which First

Emission Layer 52 is Blue-Light Emission Layer]

Next, it is shown that the effect of forming the first

charge transport layer 51 as a low refractive index

layer is obtained only when the first emission layer 52

satisfying the interference condition of 3λ/4 is an

emission layer that emits blue light.

[0062] FIG. 9 shows a relationship between the power

consumption and the viewing angle characteristics of

elements shown in Table 5 . FIG. 9 also shows the

results of the element D100 and the element D101 for

comparison purposes.
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] n the elements shown in Table 5 , the first emission

layer 52 is mixedly doped with GD and RD while the

second emission layer 72 is doped only with BD, and all

the elements are Comparative Examples. The element

D107 is an element in which all the emission layers 52

and 72 and the charge transport layers 51, 53, 71, and

73 are formed of the material Ml. On the other hand,

in the elements D108 to DUO, any one of the charge

transport layers is formed of the material M2 that is a

low refractive index material, and the other charge

transport layers and the emission layers 52 and 72 are

formed of the material Ml.

]The element D108 has, similarly to the element D101,

the structure in which the first charge transport layer

51 is a low refractive index layer. On the other hand,

the element D109 has a structure in which a layer in

contact with the light extraction side of the emission

layer that emits blue light (second emission layer 72)

is a low refractive index layer. Further, the element

DUO is an element that can inhibit surface plasmon

loss of BD and that is expected to improve the emission

efficiency of BD compared with the other structures.

In general, it is known that, when BD satisfies the

interference condition of λ /4, there is an optical loss

mainly due to the surface plasmon loss and the emission

efficiency of BD is lowered. As a method of inhibition

thereof, a method in which a low refractive index layer

is introduced between the emission layer and a

reflection metal has been proposed (Patent Literature

1 ) ·

]Referring to the results shown in FIG. 9 , in the

element D107, the power consumption abruptly increases

when 5u'v' is 0.02 or less, and the rate of increase is

higher than that of the element D100. In other words,

it can be understood that the tradeoff relationship

between the power consumption and the viewing angle



characteristics is stronger than that in the element

D100. When comparing the element D107 and the elements

D108 to DUO, in all the elements, increase in power

consumption similar to the case of the element D107 was

observed in a region with satisfactory viewing angle

(5u'v' is 0.015 or less). In other words, the effect

of introducing the low refractive index layer was not

observed.

In particular, in the element DUO, in a region in

which 5u'v' is more than 0.015, the effect of lowering

the power consumption was observed, and the expected

surface plasmon inhibition can be supposed to be

attained. However, in a region with the satisfactory

viewing angle characteristics (<0.015), similarly to

the case of the element D107, the power consumption

abruptly increased. In other words, it can be

understood that, in the region with the satisfactory

viewing angle characteristics, the tradeoff

relationship between the power consumption and the

viewing angle characteristics were similarly to that in

the case of the element D107. This shows that, in an

organic white-light-emitting element formed of a

plurality of emission layers, balance among

interferences of red light, green light, and blue light

is important, and a method of improving the efficiency

that is effective in a structure in which R G B are

formed by separately applying the colors is not

necessarily effective. Similarly, in the elements D108

and D109, the effect of introducing a low refractive

index layer was not observed. From this, it can be

understood that, in an element in which the second

emission layer 72 that satisfies the interference

condition of λ /4 is an emission layer that emits blue

light, the effect of causing the first charge transport

layer 51, or the layer in contact with the light

extraction side of the emission layer that emits blue



light (second emission layer 72) to be a low refractive

index layer cannot be obtained.

[0068] In the above, there is described that both lowered

power consumption and a large viewing angle can be

attained only when the first emission layer 52

satisfying the interference condition of 3λ/4 is an

emission layer that emits blue light, and the low

refractive index layer -is introduced into the first

charge transport layer 51.

[0069] [Place of Introducing Low Refractive Index Layer in

First Charge Transport Layer 51]

Next, a place in the first charge transport layer 51

into which a low refractive index layer is introduced

to obtain the effect is described.

[0070] FIG. 10 shows a relationship between the power

consumption and the viewing angle characteristics of

elements shown in Table 6 . FIG. 10 also shows the

results of the element D100 and the element D101 for

comparison purposes.
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[0072] n the elements shown in Table 6 , the first emission

layer 52 is doped only with BD while the second

emission layer 72 is mixedly doped with GD and RD, and

all the emission layers 52 and 72 and the second to

fourth charge transport layers 53, 71, and 73 are

formed of the material Ml. The first charge transport

layer 51 has a two-layer structure including a first

sub charge transport layer and a second sub charge

transport layer. The first sub charge transport layer

is in contact with the light extraction electrode 4 ,

and the second sub charge transport layer is in contact

with the first emission layer 52. In the element Dill

and the element D112, the second sub charge transport

layer is formed of the material Ml and has fixed

thicknesses of 10 nm and 20 nm, respectively, and the

first sub charge transport layer is formed of the

material M2 that is a low refractive index material.

Then, optimization was performed in a range in which

the first sub charge transport layer had a thickness of

2 nm to 80 nm. Further, optimization was performed in

the element D113 and the element D114 in a manner that

the materials and the fixed thicknesses were changed

between the second sub charge transport layer and the

first sub charge transport layer as shown in Table 6 .

All the elements shown in Table 6 are examples of the

present invention.

[0073] s shown in FIG. 10, the elements Dill to D114 have a

tradeoff relationship between the power consumption and

the viewing angle characteristics, which is

substantially similar to that of the element D101 in

which the first charge transport layer 51 is a single

layer and is formed of the material M2 that is the low

refractive index material. In other words, this shows

that the first charge transport layer 51 is not

required to be in contact with the first emission layer

52 and the light extraction electrode 4 .



[0074] FIG. 11 shows a relationship between the thickness of

the low refractive index layer and the viewing angle

characteristics of the elements D101 and Dill to D114.

In FIG. 11, only Pareto optima are plotted at the time

when the power consumption is 240 or less and 5u'v'

is 0.02 or less. It can be understood that, from FIG.

11, if the thickness is 15 n or more, the effect of

introducing the low refractive index layer can be

obtained. An optimum thickness depends also on the

refractive index of the material, and thus, is not

necessarily required to be in this range. As a result

of repeated studies, it was found that the optimum

thickness is 10 nm or more.

[0075] In the above, it is shown that the low refractive index

layer in the first charge transport layer 51 is not

necessarily required to be in contact with the light

extraction electrode 4 and the first emission layer 52,

and that, by inserting the low refractive index layer

in any place between the light extraction electrode 4

and the first emission layer 52, the effect of the

present invention can be obtained.

[0076] [Refractive Index of First Charge Transport Layer 51]

Next, the magnitude of the refractive index of the

first charge transport layer 51 with which the power

consumption and the viewing angle characteristics are

improved is described.

[0077] FIG. 12 shows a relationship between the refractive

index of the first charge transport layer 51 at λ and

the power consumption at the time when 5u'v' =0.007. In

element groups Ml, M4, and M5, the first emission layer

52 is doped only with BD, and the second emission layer

72 is mixedly doped with GD and RD. In the element

groups Ml, M , and M5, all the emission layers 52 and

72 and the second to fourth charge transport layers 53,

71, and 73 are formed of the materials Ml, M4, and M5,

respectively, and a material of the first charge



transport layer 51 is any one of the materials Ml to M5 .

[0078] ith reference to FIG. 12, when the first charge

transport layer 51 is formed of the material Ml or M4,

the power consumption is high, and there is a large

difference in power consumption among the groups. On

the other hand, it can be understood that, when the

first charge transport layer 51 is formed of the

material M2, M3, or M5 that is a low refractive index

material, the power consumption is low, an the

difference among the groups is small. In other words,

it is shown that, in a region of high viewing angle

characteristics, it is most effective in lowering the

power consumption to form the first charge transport

layer 51 as a low refractive index layer.

[007 ]Ordinarily, a charge transport layer used has a

refractive index at λ=455 n of about 1.8 to 1.9. From

FIG. 12, it can be understood that in a refractive

index region surrounded by broken lines, the power

consumption at the time when 5u'v'=0.007 is 240 W or

less. In other words, it is desired that the

refractive index at λ ι of the first charge transport

layer 51 be 1.70 or less.

[0080] In the above, it was shown that, only by setting the

refractive index of the first charge transport layer 51

at λ to be 1.7 or less, both the power consumption and

the viewing angle characteristics were able to be

improved. When an element is actually designed, the

thickness may be selected so that desired

specifications are met among Pareto optima of the power

consumption and the viewing angle characteristics.

[0081] [Refractive Index of Non-interfering Layer]

Next, influence of the refractive index of a non-

interfering layer on the effect of setting the

refractive index of the charge transport layer 51 to be

lower according to the present invention is described.

[0082] FIG. 13 shows a relationship between the refractive



index of the first charge transport layer 51 and the

power consumption at the time when u 'v '=0.007 in a

case where the refractive index of the first emission

layer 52 and the refractive index of the non-

interfering layer are changed in the element D101. The

refractive index of the first emission layer 52 and the

refractive index of the non-interfering layer are

values at the wavelength λ . As described in

explanatory legends in FIG. 13, the refractive indices

of the non-interfering layer are 1.45, 1.63, and 1.99.

As shown in FIG. 13, when the refractive index of the

non-interfering layer is 1.45, the power consumption is

lowered in a region in which the refractive index of

the first charge transport layer 51 is 1.7 or less.

Similarly, when the refractive index of the non-

interfering layer is 1.63, the power consumption in a

region in which the refractive index of the first

charge transport layer 51 is 1.7 or less is lower than

that in a case in which the refractive index of the

first charge transport layer 51 is 1.9 (material Ml).

In other words, there is an effect of setting the

refractive index of the first charge transport layer 51

to be lower. On the other hand, when the refractive

index of the non-interfering layer is 1.99, even if the

refractive index of the first charge transport layer 51

becomes lower, the power consumption is not lowered.

As a result of study, it was made clear that a

desirable refractive index of the non-interfering layer

on the light extraction side of the light extraction

electrode 4 at the wavelength λ ι is 1.65 or less.

[0083] [Refractive Index of Light Extraction Electrode 4 ]

Next, a preferred range of the refractive index of the

light extraction electrode 4 at the wavelength λ is

described.

[0084] FIG. 14 shows a relationship between the refractive

index of the light extraction electrode 4 and the power



consumption at the time when 5u'v'=0.007 in a case

where the refractive index of the light extraction

electrode 4 is changed in the element D101. The

refractive index of the light extraction electrode 4 is

a value at the wavelength λ ι . From FIG. 14, it can be

understood that, when the refractive index of the light

extraction electrode 4 is 2.2, the power consumption is

206 m , and, as the refractive index becomes smaller,

the power consumption becomes lower. It was made clear

that, from the present study, a desired refractive

index of the light extraction electrode 4 is 2.2 or

less.

[0085] [Effect of Introducing Low Refractive Index Layer into

Another Charge Transport Layer (Second Organic Compound

Layer or Third Organic Compound Layer) ]

Next, it is described that, when the first charge

transport layer 51 is formed as a low refractive index

layer, it is further effective to form another charge

transport layer 53, 71, or 73 as a low refractive index

layer .

[0086] FIG. 15 shows a relationship between the power

consumption and the viewing angle characteristics in

elements shown in Table 7 . FIG. 15 also shows the

result with regard to the element DlOO and the element

D101 for comparison purposes. In FIG. 15, Examples of

the present invention are plotted with hollow points,

and Comparative Examples are plotted with solid points.
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[0088] In the elements shown in Table 7 , the first emission

layer 52 is doped only with BD, and the second emission

layer 72 is mixedly doped with GD and RD. Further, at

least two of the emission layers 52 and 72 and the

charge transport layers 51, 53, 71, and 73 are formed

of the material M2 that is a low refractive index

material, and the other layers are formed of the

material Ml. In the elements D201 to D203, the first

charge transport layer 51 is formed of the material M2,

and any one of the other charge transport layers 53, 71,

and 73 is formed of the material M2 . The elements D201

to D203 are examples of the present invention. In the

element D401, all the charge transport layers 51, 53,

71, and 73 are formed of the material M2 . The element

D401 is an example of the present invention. On the

other hand, in the elements D204 to D206, the first

charge transport layer 51 is formed of the material Ml,

and two of the other charge transport layers 53, 71,

and 73 are formed of the material M2 . The elements

D204 to D206 are Comparative Examples. In the element

D301, all the charge transport layers 53, 71, and 73

other than the first charge transport layer 51 are

formed of the material M2, and, in the element D501,

the emission layers 52 and 72 are also formed of the

material M2 . Both of the element D301 and the element

D501 are Comparative Examples.

[0089] ith reference to FIG. 15, some elements- of Comparative

Examples have the lowered power consumption in a region

in which 5u'v'>0.03, but, no significant difference

exists in a region in which u 'v is 0.02 or less. In

other words, it can be understood that, even if only

the charge transport layers 53, 71, and 73 other than

the first charge transport layer 51 and the emission

layers 52 and 72 are formed of the material M2, the

tradeoff relationship between the power consumption and

the viewing angle characteristics of the element DlOO



is not improved. As shown in FIG. 8 , as in the

elements D102 to D106, even if only the layers other

than the first charge transport layer 51 are formed of

the material M2, the effect of the present invention

cannot be obtained. As is clear also from FIG. 15, it

can be understood that, even if a low refractive index

layer is additionally introduced into other layers of

the elements D102 to D106 shown in FIG. 8 , the extent

of the tradeoff between the power consumption and the

viewing angle characteristics is not significantly

changed, and a clear effect of the introduction cannot

be obtained. On the other hand, with regard to the

elements as examples in which the first charge

transport layer 51 is formed of the material 2, it can

be understood that, by forming the charge transport

layer 53, 71, or 73 other than the first charge

transport layer 51 as a low refractive index layer, the

power consumption is lowered while the viewing angle

characteristics are hardly lost. In particular, there

is a tendency that, as the number of the low refractive

index layers becomes larger, the power consumption is

lowered more. In other words, only after the first

charge transport layer 51 is formed as a low refractive

index layer, the effect of forming another charge

transport layer as a low refractive index layer

exhibits.

[0090] From this, it is preferred that, after the first charge

transport layer 51 is formed as a low refractive index

layer, another charge transport layer be formed as a

low refractive index layer.

[0091] [Refractive Indices of Emission Layers 52 and 72]

Next, preferred ranges of the refractive indices of the

first emission layer 52 and the second emission layer

72 at the wavelength λ are described.

[0092] FIG. 1 shows a relationship between the refractive

index of the first emission layer 52 and the power



consumption at the time when 5u'v'=0.007 in a case

where the refractive index of the first emission layer

52 is changed in the element D101. The refractive

index of the first emission layer 52 is a value at the

wavelength λ . It can be understood that, from FIG. 16,

when the refractive index of the first emission layer

52 is less than 1.8, the power consumption increases.

In other words, the effect obtained by setting the

refractive index of the first charge transport layer 51

to be lower is small. As a result of the analysis, it

was made clear that a desired refractive index of the

first emission layer 52 according to the present

invention at the wavelength λ is 1.8 or more and 2.1

or less. The same holds true for the second emission

layer 72.

[0093] [Conclusion]

As described above, in a structure in which the order

of interference is different among colors of emitted

light such as in a tandem white-light-emitting element,

a tradeoff relationship between the viewing angle

characteristics and the power consumption often becomes

a problem. This is because the luminous intensity

distribution characteristics at the time when the

interference condition of 3λ /4 is satisfied have

significantly larger angular dependence as compared

with a case in which the interference condition of λ /4

is satisfied.

[0094] By forming the first charge transport layer 51 as a low

refractive index layer, interference intensity of blue

light emitted from the first emission layer 52 is

enhanced, and at the same time, the angular dependence

of the luminous intensity distribution characteristics

at the time when the interference condition of 3λ /4 is

satisfied can be reduced. As a result, interference

intensity of the second emission layer 72 can be

enhanced, and the emission efficiency of the white-



light-emitting element can be improved while the

viewing angle characteristics are maintained. In other

words, by setting the refractive index of the first

charge transport layer 51 to be lower, both of the

increased viewing angle and the lowered power

consumption can be attained.

[0095] n organic light-emitting element according to the

present invention can attain both a reduced power

consumption and an increased viewing angle.

[0096] While the present invention has been described with

reference to exemplary embodiments, it is to be

understood 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 encompass all such

modifications and equivalent structures and functions.

[0097] This application claims the benefit of Japanese Patent

Application No. 2014-098509, filed May 12, 2014, which

is hereby incorporated by reference herein in its

entirety.

Reference Signs List
[0098] 4 : light extraction electrode (first electrode), 51:

first charge transport layer (first organic compound

layer), 52: first emission layer, 53: second charge

transport layer (third organic compound layer), 60:

charge generation layer, 71: third charge transport

layer (third organic compound layer), 72: second

emission layer, 73: fourth charge transport layer

(second organic compound layer), 80: reflective

electrode (second electrode)



CLAIMS
An organic light-emitting element for emitting white

light, comprising, in the stated order:

a first electrode;

a first emission layer;

a second emission layer; and

a second electrode,

the first electrode being a light extraction

electrode,

the second electrode being a reflective electrode,

the first emission layer being an emission layer

for emitting blue light,

wherein an optical distance L between the first

emission layer and the second electrode satisfies

Expression (a) , and an optical distance L2 between the

second emission layer and the second electrode

satisfies Expression (b) :

λ 8 (3-(2 φ ι/π ·) )<Li<(Xi/8) (5-(2 φ ι /π )) .. . (a);

and

(λ 2/8) x ( - (2 φ 2/π )-1)<L2< (λ 2/8) χ ( - (2 2/π )+1) .. . (b) ,

where λ is a maximum peak wavelength of light emitted

from a light-emitting material included in the first

emission layer, λ 2 is a maximum peak wavelength of

light emitted from a light-emitting material included

in the second emission layer, p i is a phase shift upon

reflection of the light having the maximum peak

wavelength λ ι at the second electrode , and φ 2 is a

phase shift upon reflection of the light having the

maximum peak wavelength λ 2 at the second electrode,

and

wherein the organic light-emitting element

further comprises a first organic compound layer

formed between the first electrode and the first

emission layer, and a refractive index of the first

organic compound layer at the wavelength λ ι is 1.70 or

less .



[Claim 2 ]The organic light-emitting element according to claim

1 , further comprising a non-interfering layer formed

on a light extraction side of the first electrode,

wherein a refractive index of the non-interfering

layer at the wavelength λ ι is 1.65 or less.

[Claim 3 ] The organic light-emitting element according to claim

1 or 2 , wherein a refractive index of the first

electrode at the wavelength λ is 2.2 or less.

[Claim ]The organic light-emitting element according to any

one of claims 1 to 3 ,

wherein the second emission layer comprises two

kinds of light-emitting materials, and

wherein the wavelength λ 2 comprises one of a

maximum peak wavelength of light that is emitted from

any one of the two kinds of light-emitting materials

and a maximum peak wavelength of light formed by

mixing light beams that are emitted from the two kinds

of light-emitting materials.

[Claim 5 ] The organic light-emitting element according to claim

4 , wherein the two kinds of light-emitting materials

of the second emission layer comprise a light-

emitting material for emitting red light and a light-

emitting material for emitting green light.

[Claim 6 ] The organic light-emitting element according to any

one of claims 1 to 5 , further comprising a second

organic compound layer formed between the second

electrode and the second emission layer,

wherein a refractive index of the second organic

compound layer at the wavelength λ ι is 1.70 or less.

[Claim 7]The organic light-emitting element according to any



one of claims 1 to , further comprising a third

organic compound layer formed between the first

emission layer and the second emission layer,

wherein a refractive index of the third organic

compound layer at the wavelength λ ι is 1.70 or less.

[Claim 8 ] he organic light-emitting element according to any

one of claims 1 to 7 , wherein a refractive index of

the first emission layer at the wavelength λ ι is 1.8

to 2.1.

[Claim 9 ] The organic light-emitting element according to any

one of claims 1 to 8 , further comprising a charge

generation layer formed between the first emission

layer and the second emission layer.

[Claim 10]A display device, comprising a plurality of light

emission points,

the plurality of light emission points comprising

the organic light-emitting element according to any

one of claims 1 to 9.

[Claim 11] The display device according to claim 10, further

comprising an active element connected to the organic

light-emitting element,

wherein the active element comprises an oxide

semiconductor formed in an active layer thereof.

[Claim 12] The display device according to claim 10 or 11,

further comprising a color filter formed on a light

extraction side.

[Claim 13]An image information processing apparatus,

comprising :

an input unit for inputting image information;

and



a display unit for displaying the image

information,

the display unit comprising the display device

according to any one of claims 10 to 12 .

[Claim 14] lighting apparatus, comprising:

the organic light-emitting element according to

any one of claims 1 to 9 ; and

a circuit for supplying a drive current to the

organic light-emitting element.

[Claim 15]A lighting apparatus, comprising:

the organic light-emitting element according to

any one of claims 1 to 9 ; and

a heat dissipation member.

[Claim 16] he lighting apparatus according to claim 14 or 15,

further comprising an active element connected to the

organic light-emitting element,

wherein the active element comprises an oxide

semiconductor formed in an active layer thereof.

[Claim 17] n electrophotographic image forming apparatus,

comprising :

a photosensitive member;

a charging unit for charging the photosensitive

member;

an exposure unit for exposing the photosensitive

member; and

a developing unit for developing an electrostatic

latent image formed on the photosensitive member,

the exposure unit comprising the organic light-

emitting element according to any one of claims 1 to 9 ,

the organic light-emitting element comprising a

plurality of organic light-emitting elements disposed

in a line along a long axis direction of the



photosensitive member.

[Claim 18] he electrophotographic image forming apparatus

according to claim 17, further comprising an active

element connected to the organic light-emitting

element,

wherein the active element comprises an oxide

semiconductor formed in an active layer thereof.

[Claim 19] n exposure device to be provided in an

electrophotographic image forming apparatus

comprising:

a photosensitive member;

a charging unit for charging the

photosensitive member; and

a developing unit for developing an

electrostatic latent image formed on the

photosensitive member,

the exposure device being configured to expose

the photosensitive member,

the exposure device comprising the organic light-

emitting element according to any one of claims 1 to 9 ,

the organic light-emitting element comprising a

plurality of organic light-emitting elements disposed

in a line along a long axis direction of the

photosensitive member.

[Claim 20] The exposure device according to claim 19, further

comprising an active element connected to the organic

light-emitting element,

wherein the active element comprises an oxide

semiconductor formed in an active layer thereof.
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