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(7) ABSTRACT

An organic EL element (10) includes a first light-emitting
layer (33a) having the shortest emission peak wavelength of
alight-emitting layer (33) and containing a host material and
a TTF material or at least the TTF material, a second
light-emitting layer (335) containing at least a TADF mate-
rial, a third light-emitting layer (33¢) having the longest
emission peak wavelength of the light-emitting layer (33)
and containing at least fluorescent material. The excited
triplet level of the TTF material is lower than the excited
triplet level of the TADF material.
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LIGHT-EMITTING ELEMENT, DISPLAY
DEVICE, METHOD FOR MANUFACTURING
LIGHT-EMITTING ELEMENT, AND LIGHT
EMISSION METHOD

TECHNICAL FIELD

[0001] The disclosure relates to a light-emitting element,
a method for manufacturing the same, and a light emission
method.

BACKGROUND ART

[0002] In recent years, a self-luminous display device
using a light-emitting element (EL element) employing an
electroluminescence (hereinafter referred to as “EL”) phe-
nomenon has been developed as a display device instead of
a liquid crystal display device.

[0003] The light-emitting element employing the EL phe-
nomenon can emit light at a voltage from several volts to
several tens volts. The light-emitting element is a self-
emitting element. Therefore, the light-emitting element has
wide viewing angle and high viewability. Further, the light-
emitting element is a complete solid element having a
thin-film shape. Therefore, attention is attracted from the
viewpoint of saving space and portability.

[0004] Since the light-emitting element is a surface light
source, the light-emitting element is considered to be
applied to a backlight of a liquid crystal display device or a
light source of an illumination.

[0005] In recent years, the research and development of
the light-emitting element employing the EL, phenomenon
have been actively made. The light-emitting element has a
configuration in which a functional layer containing at least
a light-emitting layer is provided between positive and
negative electrodes. The light-emitting element emits light
by using release of light during deactivation of excitons that
are generated by injecting electrons (e7) and holes (h™) into
the light-emitting layer and causing recombination.

[0006] To realize a high-resolution EL display device as a
display device using such a light-emitting element, use of a
white light-emitting element is effective. In the white light-
emitting element, vapor deposition by selectively patterning
vapor deposition using a fine vapor deposition mask is not
needed.

CITATION LIST

Patent Literature

[0007] PTL 1: JP 2014-241405 A (published on Dec. 25,
2014).
SUMMARY
Technical Problem
[0008] In the white light-emitting element, a white tandem

structure is widely used. In the white tandem structure, a
plurality of EL elements are used at multiple states to
achieve white light emission. The white tandem structure
has problems in which the drive voltage is high and the
efficiency is decreased due to carrier loss in an intermediate
layer. Further, the white tandem structure has many layers
and low productivity.

[0009] There is a light-emitting element having a white
structure in which red (R), green (G), and blue (B) light-
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emitting layers (i.e., red light-emitting layer, green light-
emitting layer, and blue light-emitting layer) are simply
layered. In the light-emitting element, it is difficult to
generate excitons over the red, green, and blue light-emitting
layers and emit lights of three colors efficiently. Therefore,
it is useful to use transfer of energy of excitons (excitation
energy) to illuminate an adjacent layer. However, in this
case, there is a need for overlapping of the emission spec-
trum of an excitation material with the absorption spectrum
of an adjacent material. The energy transfer occurs only by
a specific combination of the materials.

[0010] FIGS. 10A and 10B are each a view illustrating a
problem of a known light-emitting element in which red,
green, and blue light-emitting layers are simply layered.

[0011] In a light-emitting material, a ground-state (S;)
molecule absorbs optical energy to cause a transition from a
Highest Occupied Molecular Orbital (HOMO) level to a
Lowest Unoccupied Molecular Orbital (LUMO) level in the
molecule, and excitation occurs.

[0012] An excited state includes a singlet excited state (S,)
in which the spin directions in the HOMO and the LUMO
are parallel and a triplet excited state (T,) in which the spin
directions in the HOMO and the LUMO are antiparallel.
Light emission from the singlet excited state is called
fluorescence. Light emission from the triplet excited state is
called phosphorescence.

[0013] Energy in a singlet excited state of a light-emitting
material that exhibits blue (B) light emission (excited singlet
level: hereinafter referred to as S, level”) is represented by
S,z energy in a triplet excited state of the light-emitting
material (excited triplet level: hereinafter referred to as “T,
level”) is represented by T, 5, the S, level of a light-emitting
material that exhibits green (G) light emission is represented
by S, the T, level of the light-emitting material is repre-
sented by T, ;, the S, level of a light-emitting material that
exhibits red (R) light emission is represented by S, 5, and the
T, level of the light-emitting material is represented by T 5.
In this case, the energy level of each of the red, green, and
blue light-emitting materials is increased in the order of
S157S,57S g and T z>T | o>T) z, as illustrated in FIGS. 10A
and 10B. Therefore, the energy transfer from the blue
light-emitting layer to the green light-emitting layer and
from the green light-emitting layer to the red light-emitting
layer is likely to occur.

[0014] Accordingly, when excitons are generated in the
green light-emitting layer, energy is transferred from the S, ;
level of the green light-emitting layer to the S, level of the
red light-emitting layer, as illustrated in FIG. 10A. However,
energy is hardly transferred from the S, ; level of the green
light-emitting layer to the S, ; level of the blue light-emitting
layer.

[0015] A distance that energy can be transferred is
restricted. This inhibits emission of lights of three colors.
For example, when excitons are generated in the blue
light-emitting layer, energy is transferred from the singlet
excited state (S,) of the blue light-emitting layer to the
singlet excited state (S, ;) of the green light-emitting layer,
as illustrated in FIG. 10B. However, the energy is hardly
transferred from the singlet excited state (S, ) of the blue
light-emitting layer to the singlet excited state (S,,) of the
red light-emitting layer.
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[0016] Therefore, when the red, green, and blue light-
emitting layers are simply layered, a layer in which light
emission hardly occurs is produced regardless of the layer-
ing order.

[0017] A general light-emitting layer is formed from a
two-component system including a host material for trans-
porting holes and electrons and a dopant (guest) material for
undergoing light emission. The dopant material is uniformly
dispersed in the host material that is a main component.
[0018] In a process of generating excitons of a light-
emitting element in which a light-emitting material is used
as a dopant material, the probability of generating singlet
excitons that are excitons in the singlet excited state is
usually only 25%. At the remaining 75%, triplet excitons
that are excitons in the triplet excited state are generated.
[0019] A transition from the singlet excited state to the
ground state is a transition between states with the same spin
multiplicity. However, a transition from the triplet excited
state to the ground state is a transition between states with
different spin multiplicities.

[0020] The transition from the triplet excited state to the
ground state is a forbidden transition, and requires a long
time. Therefore, the triplet excitons are not deactivated as
light emission. The triplet excitons are converted into ther-
mal energy or the like, and dissipated as heat. Thus, the
triplet excitons do not contribute to light emission.

[0021] A general fluorescent material (fluorescence-emit-
ting material) that emits fluorescence has many advantages
such as excellent high-current density properties and selec-
tion diversity of material. However, the singlet excitons, of
which the probability is 25%, can be only used in light
emission.

[0022] Therefore, the development of a light-emitting
element using a phosphorescent material (phosphorescent
compound) that emits phosphorescence has been advanced
in recent years (for example, see PTL 1).

[0023] FIGS. 11A and 11B are each a view illustrating the
principle of light emission of the light-emitting element
described in PTL 1.

[0024] PTL 1 discloses the light-emitting element that
includes a first electrode, a first light-emitting layer over the
first electrode, containing a first phosphorescent material
and a first host material, a second light-emitting layer over
the first light-emitting layer, containing a second phospho-
rescent material and a second host material, a third light-
emitting layer over the second light-emitting layer, contain-
ing a third phosphorescent material and a third host material,
and a second electrode over the third light-emitting layer.
Among peaks of emission spectra of the first, second, and
third phosphorescent materials, the peak of the emission
spectrum of the phosphorescent material in the second
light-emitting layer is on the longest wavelength side, and
the peak of the emission spectrum of the phosphorescent
material in the third light-emitting layer is on the shortest
wavelength side. The third host material has higher triplet
excitation energy than those of the first host material and the
second host material.

[0025] According to PTL 1, as illustrated in FIG. 11A, the
first light-emitting layer is a green light-emitting layer that
exhibits green light emission (phosphorescence G), the
second light-emitting layer is a red light-emitting layer that
exhibits red light emission (phosphorescence R), the third
light-emitting layer is a blue light-emitting layer that exhib-
its blue light emission (phosphorescence B), and the ratio of
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energy transfer from a T level of a phosphorescent mate-
rial that emits blue light to a T, level of a phosphorescent
material that emits red light and a T, ; level of a phospho-
rescent material that emits green light is controlled by
utilizing a Férster transition (resonance transition), to emit
lights of three colors with balance.

[0026] In PTL 1, the phosphorescent materials are dis-
persed in the host material, and the mixing ratios of the
phosphorescent materials are decreased. Thus, the phospho-
rescent materials are isolated from each other by the host
material. This makes it difficult to cause a Dexter transition
(electron exchange interaction). Therefore, the energy trans-
fer in PTL 1 is caused mainly by the Forster transition.
[0027] The Forster transition except for a transition from
the triplet excited state to the triplet excited state is basically
a spin forbidden transition. However, when a heavy element
is contained like the phosphorescent material, spin reversal
is caused by a spin orbit interaction as illustrated in FIG.
11B. Therefore, a transition from the singlet excited state to
the singlet excited state is also allowed.

[0028] However, the phosphorescent material that emits
blue light has problems in terms of color purity and lifetime.
Further, since a heavy element such as iridium (Ir) is rare
metal, there is a problem such as high cost. When excitons
are generated in a fluorescent material, 75% of the excitons
are transferred to the T, level that is non-emitting. When all
these excitons are not subjected to energy transfer to another
light-emitting material, the excitons are dissipated as ther-
mal energy, and the efficiency is decreased.

[0029] The disclosure has been made in view of the
problems described above. An object of the disclosure is to
provide a three-color light-emitting element that allows each
of light-emitting layers that are layered and have different
emission peak wavelengths to efficiently emit light at low
cost, a method for manufacturing the same, and a light
emission method.

Solution to Problem

[0030] To solve the above-described problems, a light-
emitting element according to one aspect of the disclosure is
a light-emitting element including a first electrode, a second
electrode, and a functional layer containing at least a first
light-emitting layer, a second light-emitting layer, and a
third light-emitting layer, the functional layer being disposed
between the first and second electrodes. The first light-
emitting layer has the shortest emission peak wavelength of
the light-emitting layers and contains a host material and a
TTF material that is a delayed fluorescent material that
causes a TTF phenomenon in cooperation with the host
material or by the TTF material alone, or contain at least the
TTF material. The second light-emitting layer is layered on
the first light-emitting layer between the first light-emitting
layer and the third light-emitting layer. The second light-
emitting layer contains at least a thermally activated delayed
fluorescent material. The third light-emitting layer has the
longest emission peak wavelength of the light-emitting
layers and contains at least a fluorescent material. The
excited triplet level of at least one of the host material and
the TTF material contained in the first light-emitting layer is
lower than the excited triplet level of the thermally activated
delayed fluorescent material contained in the second light-
emitting layer.

[0031] To solve the above-described problems, a method
for manufacturing a light-emitting element according to one
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aspect of the disclosure includes forming a functional layer
containing at least a light-emitting layer between first and
second electrodes. The forming the functional layer includes
forming a first light-emitting layer, forming a second light-
emitting layer, and forming a third light-emitting layer. The
first light-emitting layer has the shortest emission peak
wavelength of the light-emitting layers and contains a host
material and a TTF material that is a delayed fluorescent
material that causes a TTF phenomenon in cooperation with
the host material or by the TTF material alone, or at least the
TTF material. The second light-emitting layer contains at
least a thermally activated delayed fluorescent material. The
excited triplet level of the thermally activated delayed
fluorescent material is higher than the excited triplet level of
at least one of the host material and the TTF material
contained in the first light-emitting layer. The third light-
emitting layer has the longest emission peak wavelength of
the light-emitting layers and contains at least a fluorescent
material. The formation of the first light-emitting layer and
the formation of the second light-emitting layer are continu-
ously performed such that the second light-emitting layer is
layered between the first light-emitting layer and the third
light-emitting layer and the first light-emitting layer and the
second light-emitting layer are adjacent to each other.
[0032] To solve the above-described problems, a light
emission method according to one aspect of the disclosure is
a method including transferring the energy of excitons
generated in a second light-emitting layer containing at least
a thermally activated delayed fluorescent material to a first
light-emitting layer by Dexter energy transfer, transferring
the energy of excitons generated in the second light-emitting
layer to a third light-emitting layer by Forster energy transfer
to make the first, second, and third light-emitting layers to
emit light. The first light-emitting layer is layered on the
second light-emitting layer, has a shorter emission peak
wavelength than that of the second light-emitting layer, and
contains a host material and a TTF material that is a delayed
fluorescent material that causes a TTF phenomenon in
cooperation with the host material or by the TTF material
alone, or at least the TTF material. The excited triplet level
of at least one of the host material and the TTF material is
lower than the excited triplet level of the thermally activated
delayed fluorescent material. The third light-emitting layer
is layered on the second light-emitting layer on a side
opposite to the first light-emitting layer, has a longer emis-
sion peak wavelength than that of the second light-emitting
layer, and contains a host material or a fluorescent material,
or at least the fluorescent material.

Advantageous Effects of Invention

[0033] According to an aspect of the disclosure, a three-
color light-emitting element that allows each of light-emit-
ting layers that are layered and have different emission peak
wavelengths to efficiently emit light at low cost, a method
for manufacturing the same, and a light emission method can
be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIGS. 1A and 1B are views illustrating the prin-
ciple of light emission of a light-emitting element according
to a first embodiment of the disclosure.

[0035] FIG. 2 is a cross-sectional view of an example of
a schematic configuration of the light-emitting element
according to the first embodiment of the disclosure.
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[0036] FIG. 3 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to a second embodiment of the disclosure.
[0037] FIG. 4 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to a third embodiment of the disclosure and a
main portion of an electronic device provided with the
light-emitting element.

[0038] FIG. 5 is another cross-sectional view of the
example of the schematic configuration of the light-emitting
element according to the third embodiment of the disclosure
and the main portion of the electronic device provided with
the light-emitting element.

[0039] FIG. 6 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to a fourth embodiment of the disclosure.

[0040] FIG. 7 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to a fifth embodiment of the disclosure.

[0041] FIG. 8 are a view illustrating an energy diagram of
each of layers between which a first light-emitting layer is
provided in the light-emitting element according to the fifth
embodiment of the disclosure.

[0042] FIG. 9 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to a sixth embodiment of the disclosure.

[0043] FIGS. 10A and 10B are each a view illustrating a
problem of known light-emitting element in which red,
green, and blue light-emitting layers are simply layered.
[0044] FIGS. 11A and 11B are each a view illustrating the
principle of light emission of the light-emitting element
described in PTL 1.

DESCRIPTION OF EMBODIMENTS

[0045] Hereinafter, embodiments of the disclosure will be
described in detail.

First Embodiment

[0046] One embodiment of the disclosure will be
described hereinafter with reference to FIGS. 1A and 1B and
2.

[0047] FIGS. 1A and 1B are views illustrating the prin-
ciple of light emission of a light-emitting element according
to the present embodiment. FIG. 2 is a cross-sectional view
of an example of a schematic configuration of the light-
emitting element according to the present embodiment.
[0048] In the light-emitting element according to the pres-
ent embodiment, a functional layer containing at least a
light-emitting layer is provided between first and second
electrodes. The functional layer may be an organic layer or
an inorganic layer. Hereinafter, an organic EL element will
be described as an example of the light-emitting element
according to the present embodiment.

Schematic Configuration of Organic EL Element

[0049] As illustrated in FIG. 2, an organic EL element 10
according to the present embodiment has a configuration in
which a positive electrode 2 (first electrode), an organic EL
layer 3 (organic layer or functional layer), and a negative
electrode 4 (second electrode) are layered on a substrate 1 in
this order from the substrate 1 side.

[0050] The organic EL layer 3 is a light-emitting unit
including an organic layer containing a light-emitting layer
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33. The organic EL element 10 according to the present
embodiment is a light-emitting device for illumination
capable of white (W) display. The organic EL element 10 is
a top-emitting organic EL element. In the organic EL
element 10, light emitted from the light-emitting layer 33 is
extracted as white light from a side opposite to the substrate
1.

[0051] Hereinafter, each of the components described
above will be described in detail.

Substrate 1

[0052] The substrate 1 is not particularly limited as long as
it has an insulating property. For example, a publicly known
insulating substrate may be used.

[0053] As the substrate 1, for example, an inorganic sub-
strate formed from glass or quartz or a plastic substrate
formed from polyethylene terephthalate or a polyimide resin
may be used.

[0054] In the present embodiment, a case where a glass
substrate (transparent substrate) is used as an insulating
substrate having a light-transmitting property will be
described later as an example of the substrate 1. However, in
the top-emitting organic EL element 10, the substrate 1 does
not need a light-transmitting property as described above.
[0055] Therefore, when the organic EL element 10 is a
top-emitting organic EL element, a semiconductor substrate
such as a silicon wafer, a substrate in which a surface of a
metal substrate formed from aluminum (Al) or iron (Fe) is
coated with an insulating material such as silicon oxide and
an organic insulating material, a substrate in which a surface
of a metal substrate formed from Al is subjected to an
insulation treatment by an anodic oxidation method, or the
like may be used as the substrate 1.

[0056] On the substrate 1, a circuit including a drive
element such as a TFT may be formed.

Positive Electrode 2 and Negative Electrode 4

[0057] The positive electrode 2 and the negative electrode
4 are a pair of electrodes. The positive electrode 2 functions
as an electrode for injecting (supplying) holes (h*) into the
organic EL layer 3. On the other hand, the negative electrode
4 functions as an electrode for injecting (supplying) elec-
trons () into the organic EL layer 3.

[0058] The shape, structure, and size of the positive elec-
trode 2 and the negative electrode 4 are not particularly
limited, and can be appropriately selected according to the
application and purpose of the organic EL element 10.
[0059] Electrode materials capable of being employed for
the positive electrode 2 and the negative electrode 4 are not
particularly limited to a specific material, and, for example,
a publicly known electrode material may be employed
therefor.

[0060] For the positive electrode 2, for example, a metal
such as gold (Au), platinum (Pt), and nickel (Ni), or a
transparent electrode material such as indium tin oxide
(ITO), tin oxide (SnO,), indium tin oxide (IZ0), and gallium
doped zinc oxide (GZ0) may be used.

[0061] On the other hand, it is preferable that a material
having a small work function be used for the negative
electrode 4 to inject electrons into the light-emitting layer
33. For the negative electrode 4, for example, a metal such
as lithium (L1), calcium (Ca), cerium (Ce), barium (Ba), and
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aluminum (Al) or an alloy containing the metal, such as an
Ag—Mg alloy and an Al—Li alloy may be used.

[0062] The thicknesses of the positive electrode 2 and the
negative electrode 4 are not limited to a specific thickness,
and may be set similar to those in a known EL element.
[0063] Light generated in the light-emitting layer 33 needs
to be extracted from at least one of the positive electrode 2
and the negative electrode 4. In general, light is extracted
from any one electrode side of the positive electrode 2 and
the negative electrode 4. It is preferable that for an electrode
in which light is extracted, a light-transmitting electrode
material that transmits light be used, and for an electrode in
which light is not extracted, a non-translucent electrode
material that does not transmit light be used.

[0064] That is, various electrically conductive materials
may be used for the positive electrode 2 and the negative
electrode 4. However when the organic EL element 10 is a
top-emitting EL element, it is preferable that an electrode on
a side of the substrate 1 (in the present embodiment, the
positive electrode 2) be formed from a non-translucent
electrode material and an electrode on a side opposite to the
substrate 1 with the organic EL layer 3 interposed between
the electrode and the substrate 1 (in the present embodiment,
the negative electrode 4) be formed from a transparent
light-transmitting electrode material (transparent electrode)
or a translucent light-transmitting electrode material (trans-
lucent electrode).

[0065] The positive electrode 2 and the negative electrode
4 may each have a single layer formed from one electrode
material or a layered structure formed from a plurality of
electrode materials.

[0066] Thus, when the organic EL element 10 is a top-
emitting EL element as described above, the positive elec-
trode 2 may have a layered structure including a non-
translucent electrode 21 formed from a non-translucent
electrode material, such as a reflective electrode, and a
light-transmitting electrode 22 formed from a light-trans-
mitting electrode material, as illustrated in FIG. 2.

[0067] Examples of the non-translucent electrode material
include a black electrode material such as tantalum (Ta) and
carbon (C), and a reflective metal electrode material such as
Al, silver (Ag), gold (Au), an Al—Li alloy, an Al-neo-
dymium (Nd) alloy, and an Al-silicon (Si) alloy.

[0068] As the light-transmitting electrode material, for
example, a transparent electrode material described above
may be employed, or a translucent electrode material such as
a thin film of Ag may be used.

Organic EL Layer 3

[0069] As illustrated in FIG. 2, the organic EL layer 3
according to the present embodiment has a configuration in
which a hole injecting layer 31, a hole transport layer 32, the
light-emitting layer 33, an electron transport layer 34, and an
electron injecting layer 35 are layered in this order from the
positive electrode 2 side.

[0070] An organic EL layer other than the light-emitting
layer 33 is not a layer necessary as the organic EL layer 3,
and may be appropriately formed according to required
properties of the organic EL element 10.

Light-Emitting Layer 33

[0071] The light-emitting layer 33 has a three-layer struc-
ture including a first light-emitting layer 33a (first light-
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emitting layer), a second light-emitting layer 335 (second
light-emitting layer), and a third light-emitting layer 33c¢
(third light-emitting layer).

[0072] The second light-emitting layer 335 is layered on
the first light-emitting layer 33a between the first light-
emitting layer 33 and the third light-emitting layer 33¢. The
organic EL element 10 according to the present embodiment
has a simple structure in which a layer other than the
light-emitting layers (intermediate layer) is not provided
between the first light-emitting layer 33q, the second light-
emitting layer 335, and the third light-emitting layer 33c.
Therefore, in the present embodiment, the second light-
emitting layer 335 is disposed adjacent to both the first
light-emitting layer 33a and the third light-emitting layer
33c¢ between the first light-emitting layer 33a and the third
light-emitting layer 33¢. As described in an embodiment
described later, an intermediate layer that does not contain
an illuminant and has a higher S, level than the S, level of
the third light-emitting layer 33¢ may be provided between
the second light-emitting layer 335 and the third light-
emitting layer 33¢, and the second light-emitting layer 335
and the third light-emitting layer 33¢ do not need to be
disposed adjacent to each other. In the present embodiment,
the first light-emitting layer 334, the second light-emitting
layer 33b, and the third light-emitting layer 33c¢ are layered
in this order from the positive electrode 2 side.

[0073] Of the light-emitting layer 33, the first light-emit-
ting layer 33a emits light having the shortest emission peak
wavelength, the third light-emitting layer 33c emits light
having the longest emission peak wavelength, and the sec-
ond light-emitting layer 335 emits light having an emission
peak wavelength that is from the emission peak wavelength
of light in the first light-emitting layer 33a to the emission
peak wavelength of light in the third light-emitting layer
33c.

[0074] In the present embodiment, as a light-emitting
material, a phosphorescent material is not used, but a
delayed fluorescent material is used for each of the first
light-emitting layer 33a and the second light-emitting layer
335. A fluorescent material containing at least two kinds of
delayed fluorescent material (fluorescence-emitting material
and phosphor) is used to perform white light emission by
three-color light emission.

[0075] Therefore, in the present embodiment, for the first
light-emitting layer 33a, a delayed fluorescent material that
emits light having the shortest emission peak wavelength of
the light-emitting materials used for the light-emitting layer
33 is used. For the third light-emitting layer 33c¢, a fluores-
cent material that emits light having the longest emission
peak wavelength of the light-emitting material used for the
light-emitting layer 33 is used. For the second light-emitting
layer 335, a delayed fluorescent material that emits light
having an emission peak wavelength that is from the shortest
emission peak wavelength to the longest emission peak
wavelength is used.

[0076] The first light-emitting layer 33a, the second light-
emitting layer 335, and the third light-emitting layer 33c¢
may be each formed from a host material and the fluorescent
material, that is, a dopant material exhibiting fluorescence
(light-emitting dopant and guest material), or from the
dopant material alone. The host material is a compound in
which holes and electrons can be injected, and has a function
of allowing a light-emitting dopant to emit light by holes and
electrodes that are transported and recombine with each
other within a molecule thereof.

[0077] Hereinafter, in the present embodiment, a case
where the first light-emitting layer 33a is a blue light-
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emitting layer (B fluorescent layer), the second light-emit-
ting layer 335 is a green light-emitting layer (G fluorescent
layer), and the third light-emitting layer 33¢ is a red light-
emitting layer (R fluorescent layer) will be described as an
example.

[0078] For the blue light-emitting layer, for example, a
fluorescent material having a peak wavelength within a
wavelength range from 380 nm to 480 nm 1s used. For the
green light-emitting layer, for example, a fluorescent mate-
rial having a peak wavelength within a wavelength range
from 510 nm to 560 nm is used. For the red light-emitting
layer, for example, a fluorescent material having a peak
wavelength within a wavelength range from 600 nm to 680
nm is used.

First Light-Emitting Layer 33a

[0079] In the present embodiment, as the delayed fluores-
cent materials described above, a Triplet-Triplet-Fusion
(TTF) material and a Thermally Activated Delayed Fluo-
rescent (TADF) material are used.

[0080] For the first light-emitting layer 33a, the TTF
material is used as the delayed fluorescent material
described above. The first light-emitting layer 33a contains
the host material (first host material) and the TTF material
or at least the TTF material.

[0081] The TTF material is a delayed fluorescent material
in which light emission can be achieved by re-excitation
from the T, level to the S; level in cooperation with the host
material or by the TTF material alone. In the delayed
fluorescent material, a triplet-triplet phenomenon (also
referred to as Triplet-Triplet Annihilation (TTA)) (hereinaf-
ter sometimes simply referred to as TTF) in which a singlet
exciton is generated from a plurality of triplet excitons by
collision and fusion of triplet excitons is caused, and as a
result, light is emitted. It is considered that use of delayed
fluorescence by the TTF phenomenon can theoretically
enhance the internal quantum efficiency to 40% in fluores-
cent emission.

[0082] In the present embodiment, the TTF material in
which upconversion from the T, level of the fluorescent
material or the T, level of the host material to the S level of
the fluorescent material by TTF occurs to emit delayed
fluorescence is used for the first light-emitting layer 33a.
[0083] When the first light-emitting layer 33a contains the
host material and the dopant material including the fluores-
cent material, it is preferable that the triplet energy E, of the
host material be lower than the triplet energy E,, of the
dopant material. When this relationship is satisfied, triplet
excitons generated on the host material are not transferred to
the dopant material that has a higher triplet energy, and
triplet excitons generated on the dopant material are rapidly
transferred to the host material as energy. Therefore, the
triplet excitons of the host material are not transferred to the
dopant material, and the triplet excitons efliciently collide
with each other on the host material by the TTF phenom-
enon, to generate singlet excitons. Further, it is preferable
that the singlet energy Eg,; of the dopant material be lower
than the singlet energy E, of the host material. When this
relationship is satisfied, singlet excitons generated by the
TTF phenomenon are transferred from the host material to
the dopant material as energy. The singlet excitons contrib-
ute to fluorescent emission of the dopant material.

[0084] Herein, the triplet energy represents the lowest
triplet state (T)), that is, in the present embodiment, a
difference between energy in T, 5 and energy in the ground
state (S,) in FIG. 1A. The singlet energy (also referred to as
energy gap) represents the lowest singlet state (S,), that is,
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in the present embodiment, a difference between energy in
S,z and the energy in the ground state (S,) in FIG. 1A.
[0085] In adopant material used for a fluorescent element,
a transition from the triplet excited state to the ground state
is originally a forbidden transition. In such a transition, the
triplet excitons are not deactivated as light emission. The
triplet excitons are converted into thermal energy and dis-
sipated as heat. Thus, the triplet excitons do not contribute
to light emission.

[0086] However, when the host material and the dopant
material satisfy the relationships described above, the triplet
excitons collide with each other to efficiently generate the
singlet excitons, before thermal deactivation, and the light-
emitting efficiency is improved.

[0087] It is desirable that the affinity Ah of the host
material be higher than the affinity Ad of the dopant material
and the ionization potential Ih of the host material be higher
than the ionization potential of the dopant material.

[0088] The affinity means energy to be released or
absorbed when an electron is given to the molecule of the
host material. In a case of release, the affinity is defined as
positive, and in a case of absorption, the affinity is defined
as negative.

[0089] The affinity of the host material or the dopant
material is represented by Af=Ig-Eg, wherein Ip (Th or I1d)
is an ionization potential of the host material or the dopant
material, and Eg (Eg, or E;)) is a singlet energy thereof.
[0090] The dopant material used for the first light-emitting
layer 33a is a fluorescent material having the shortest
emission peak wavelength as described above. Specifically,
a blue light-emitting phosphor that generates fluorescence
having a peak wavelength within a wavelength range from
380 nm to 480 nm. The dopant material has a relatively large
energy gap. Therefore, when the dopant material used for the
first light-emitting layer 33a satisfies that Ah is higher than
Ad, the dopant material also satisfies that Th is higher than
Id.

[0091] When a difference in ionization potential between
the host material and the dopant material is larger, the dopant
material has a hole-trapping property. In this case, the triplet
excitons are generated not only on a host molecule (the host
material) but also directly on a dopant molecule (the dopant
material). When the relationship of E,,<E,, is satisfied as
described, the triplet exciton energy on the dopant molecules
is transferred onto the host molecule by Dexter energy
transfer (Dexter transition) due to an electron exchange
interaction (i.e., Dexter mechanism). All the triplet excitons
are collected on the host molecule. As a result, the TTF
phenomenon occurs with efficiency.

[0092] For example, a combination of the host material
and the dopant material (TTF material) that cause the TTF
phenomenon can be selected from the following com-
pounds.

[0093] Examples of the host material include an anthra-
cene derivative and a polycyclic aromatic skeleton-contain-
ing compound. The host material may be used alone, or two
or more kinds thereof may be appropriately used in combi-
nation.

[0094] Examples of the dopant material (TTF material)
include a pyrene derivative such as an aminopyrene deriva-
tive, an aminoanthracene derivative, and aminochrysene
derivative. The dopant material may be used alone, or two
or more kinds thereof may be appropriately used in combi-
nation.

[0095] In particular, it is preferable that an anthracene
derivative and at least one selected from an aminoanthracene
derivative, an aminochrysene derivative, and an aminopy-
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rene derivative be used as the host material and the dopant
material, respectively, in combination. It is more preferable
that an anthracene derivative and at least one selected from
an aminochrysene derivative and an aminopyrene derivative
be used as the host material and the dopant material,
respectively, in combination.

[0096] Examples of the anthracene derivative used as the
host material include a compound represented by Formula
(1) below.

[Chemical Formula 1]

@

R® R!
o
AIU‘ Q Arll
a9
R’ R*

[0097] Such a compound is preferable.

[0098] In Formula (1), Ar'’ and Ar'? are each indepen-
dently a substituted or unsubstituted aryl group having from
6 to 50 ring-forming carbon atoms or a heterocyclic group
having from 5 to 50 ring-forming atoms. R' to R® are each
independently a group selected from a hydrogen atom, a
substituted or unsubstituted aryl group having from 6 to 50
ring-forming carbon atoms, a substituted or unsubstituted
heterocyclic group having from 5 to 50 ring-forming atoms,
a substituted or unsubstituted alkyl group having from 1 to
50 carbon atoms, a substituted or unsubstituted cycloalkyl
group having from 3 to 50 ring-forming carbon atoms, a
substituted or unsubstituted alkoxy group having from 1 to
50 carbon atoms, a substituted or unsubstituted aralkyl
group having from 7 to 50 carbon atoms, a substituted or
unsubstituted aryloxy group having from 6 to 50 ring-
forming carbon atoms, a substituted or unsubstituted aryl-
thio group having from 6 to 50 ring-forming carbon atoms,
a substituted or unsubstituted alkoxycarbonyl group having
from 2 to 50 carbon atoms, a substituted or unsubstituted
silyl group, a carboxyl group, a halogen atom, a cyano
group, a nitro group and a hydroxyl group.

[0099] The anthracene derivative is not particularly lim-
ited, and may be appropriately selected according to the
configuration and required properties of the used organic EL
element 10.

[0100] Examples of the anthracene derivative used in the
present embodiment include an anthracene derivative rep-
resented by Formula (1), wherein Ar'* and Ar'? are each
independently a substituted or unsubstituted fused aryl
group having from 10 to 50 ring-forming carbon atoms.
[0101] Such an anthracene derivative can include an
anthracene derivative in which Ar'' and Ar'? are the same
substituted or unsubstituted fused aryl group and an anthra-
cene derivative in which Ar'! and Ar'* are different substi-
tuted or unsubstituted fused aryl groups.

[0102] Examples of the anthracene derivative in which
Ar'! and Ar'? are the same substituted or unsubstituted fused
aryl group include anthracene derivatives represented by
Formulae (2) to (4) below.
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[Chemical Formula 2]

[Chemical Formula 3]

©)

[Chemical Formula 4]
*

[0103] Such derivatives are used as the anthracene deriva-
tive.
[0104] 1In the anthracene derivative represented by For-

mula (2), Ar'' and Ar'? are a substituted or unsubstituted
9-phenanthrenyl group. In Formula (2), R' to R* are as
defined above. R'! is a group selected from a hydrogen
atom, a substituted or unsubstituted aryl group having from
6 to 50 ring-forming carbon atoms, a substituted or unsub-
stituted heterocyclic group having from 5 to 50 ring-forming
atoms, a substituted or unsubstituted alkyl group having
from 1 to 50 carbon atoms, a substituted or unsubstituted
cycloalkyl group having from 3 to 50 ring-forming carbon
atoms, a substituted or unsubstituted alkoxy group having
from 1 to 50 carbon atoms, a substituted or unsubstituted
aralkyl group having from 7 to 50 carbon atoms, a substi-
tuted or unsubstituted aryloxy group having from 6 to 50
ring-forming carbon atoms, a substituted or unsubstituted
arylthio group having from 6 to 50 ring-forming carbon
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atoms, a substituted or unsubstituted alkoxycarbonyl group
having from 2 to 50 carbon atoms, a substituted or unsub-
stituted silyl group, a carboxyl group. a halogen atom, a
cyano group, a nitro group, and a hydroxyl group. a is an
integer from 0 to 9. When a is an integer of not less than 2,
R*'s may be the same as or different from each other as long
as two substituted or unsubstituted phenanthrenyl groups are
the same.

[0105] In the anthracene derivative represented by For-
mula (3), Ar'* and Ar'? in Formula (1) are a substituted or
unsubstituted 2-naphthyl group. In Formula (3), R* to R® and
R are as defined above. b is an integer from 1 to 7. When
b is an integer of not less than 2, R''s may be the same as
or different from each other as long as two substituted or
unsubstituted 2-naphthyl groups are the same.

[0106] In the anthracene derivative represented by For-
mula (4), Ar'* and Ar'? in Formula (1) are a substituted or
unsubstituted 1-naphthyl group. In Formula (4), R to R?,
R", and b are as defined above. When b is an integer of not
less than 2, R™s may be the same as or different from each
other as long as two substituted or unsubstituted 1-naphthyl
groups are the same.

[0107] Examples of the anthracene derivative represented
by Formula (1), wherein Ar'! and Ar'? are different substi-
tuted or unsubstituted fused aryl groups include anthracene
derivatives in which Ar'' and Ar'® are a substituted or
unsubstituted 9-phenanthrenyl group, a substituted or unsub-
stituted 1-naphthyl group, or a substituted or unsubstituted
2-naphthyl group.

[0108] Specific examples thereof include an anthracene
derivative in which Ar'" is a 1-naphthyl group and Ar'* is a
2-naphthyl group, an anthracene derivative in which Ar*' is
a 1-naphthyl group and Ar'? is a 9-phenanthryl group, and an
anthracene derivative in which Ar'" is a 2-naphthyl group
and Ar'? is a 9-phenanthry] group.

[0109] The anthracene derivative used in the present
embodiment may be an anthracene derivative represented by
Formula (1), wherein one of Ar'! and Ar*? is a substituted or
unsubstituted phenyl group and the other is a substituted or
unsubstituted fused aryl group having from 10 to 50 fused
aryl groups.

[0110] Examples of such an anthracene derivative include
anthracene derivatives represented by Formulae (5) and (6)
below.

[Chemical Formula 5]

©)
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-continued

[Chemical Formula 6]

(6)

[0111] Such derivatives are used as the anthracene deriva-
tive.
[0112] In the anthracene derivative represented by For-

mula (5), Ar'* in Formula (1) is a substituted or unsubsti-
tuted 1-naphthyl group and Ar*? in Formula (1) is a substi-
tuted or unsubstituted phenyl group. In Formula (5), R' to
R® R'!, and b are as defined above. Ar® is a substituted or
unsubstituted aryl group having from 6 to 50 ring-forming
carbon atoms, a substituted or unsubstituted alkyl group
having from 1 to 50 carbon atoms, a substituted or unsub-
stituted cycloalkyl group having from 3 to 50 ring-forming
carbon atoms, a substituted or unsubstituted aralkyl group
having from 7 to 50 carbon atoms, a substituted or unsub-
stituted heterocyclic group having from 5 to 50 ring-forming
atoms, a 9,9-dimethylfluoren-1-yl group, a 9,9-dimethyl-
fluoren-2-yl group, a 9,9-dimethylfluoren-3-y1 group, a 9,9-
dimethylfluoren-4-yl group, a dibenzofuran-1-yl group, a
dibenzofuran-2-yl group, a dibenzofuran-3-yl group, or a
dibenzofuran-4-yl group. Ar® may form a ring, such as a
substituted or unsubstituted fluorenyl group, or a substituted
or unsubstituted dibenzofuranyl group, with a benzene ring
to which Ar° is bonded. When b is an integer of not less than
2, R*'s may be the same as or different from each other.

[0113] In the anthracene derivative represented by For-
mula (6), Ar'* in Formula (1) is a substituted or unsubsti-
tuted 2-naphthyl group and Ar'? is a substituted or unsub-
stituted phenyl group. In Formula (6), R' to R®, R"*, and b
are as defined above. Ar’ is a substituted or unsubstituted
aryl group having from 6 to 50 ring-forming carbon atoms,
a substituted or unsubstituted heterocyclic group having
from 5 to 50 ring-forming atoms, a substituted or unsubsti-
tuted alkyl group having from 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having from 3
to 50 ring-forming carbon atoms, a substituted or unsubsti-
tuted aralkyl group having from 7 to 50 carbon atoms, a
dibenzofuran-1-yl group, a dibenzofuran-2-yl group, a
dibenzofuran-3-yl group, or a dibenzofuran-4-yl group. Ar’
may form a ring, such as a substituted or unsubstituted
fluorenyl group, or a substituted or unsubstituted dibenzo-
furanyl group, with a benzene ring to which Ar” is bonded.
When b is an integer of not less than 2, R''s may be the same
as or different from each other.

[0114] The anthracene derivative used in the present
embodiment may be, for example, an anthracene derivative
represented by Formula (7) below.
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[Chemical Formula 7]
™

[0115] Such an anthracene derivative may be used in the
present embodiment.

[0116] In Formula (7), R* to R® and Ar® are as defined
above. Ar” is a substituted or unsubstituted aryl group having
from 6 to 50 ring-forming carbon atoms, a substituted or
unsubstituted alkyl group having from 1 to 50 carbon atoms,
a substituted or unsubstituted cycloalkyl group having from
3 to 50 ring-forming carbon atoms, a substituted or unsub-
stituted aralkyl group having from 7 to 50 carbon atoms, or
a substituted or unsubstituted heterocyclic group having
from 5 to 50 ring-forming atoms. Ar’ and Ar® are each
independently selected.

[0117] Examples of such an anthracene derivative include
anthracene derivatives represented by Formulae (8) to (10)
below.

[Chemical Formula 8]

®)

[Chemical Formula 9]
O
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-continued

[Chemical Formula 10]

(10)

[0118] Such anthracene derivatives are used in the present
embodiment.

[0119] In Formulae (8) to (10), R* to R® are as defined
above.

[0120] InFormula(9), Ar® is a substituted or unsubstituted
fused aryl group having from 10 to 20 ring-forming carbon
atoms.

[0121] In Formula (10), Ar’® and Ar% are each indepen-
dently a substituted or unsubstituted fused aryl group having
from 10 to 20 ring-forming carbon atoms.

[0122] Examples of the substituted or unsubstituted aryl
groups having from 6 to 50 ring-forming carbon atoms of R*
to R®, R*, Ar’ to Ar’, Ar'', and Ar' in Formulae (1) to (10)
include a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a l-anthryl group, a 2-anthryl group, a 9-anthryl
group, a l-phenanthryl group, a 2-phenanthryl group, a
3-phenanthryl group, a 4-phenanthryl group, a 9-phenan-
thryl group, a l-naphthacenyl group, a 2-naphthacenyl
group, a 9-naphthacenyl group, a 1-pyrenyl group, a 2-pyre-
nyl group, a 4-pyrenyl group, a 6-chrysenyl group, a 1-benzo
[c]phenanthryl group, a 2-benzo[c]phenanthryl group, a
3-benzo[c|phenanthryl group, a 4-benzo[c]|phenanthryl
group, a 5-benzo[c]phenanthryl group, a 6-benzo[c]phenan-
thryl group, a 1-benzo[g]chrysenyl group, a 2-benzo[g]
chrysenyl group, a 3-benzo[g]|chrysenyl group, a 4-benzo
[g]chrysenyl group, a S-benzo[g]chrysenyl group, a 6-benzo
[g]chrysenyl group, a 7-benzo|g]chrysenyl group, a 8-benzo
[glchrysenyl group, a 9-benzo[g]chrysenyl group, a
10-benzo| g]chrysenyl group, a 1-benzo[g|chrysenyl group,
a 12-benzo[g]chrysenyl group, a 13-benzo[g|chrysenyl
group, a 14-benzo[g]chrysenyl group, a 1-triphenyl group, a
2-tripheny] group, a 2-fluorenyl group, a 9,9-dimethylfluo-
ren-2-yl group, a benzofluorenyl group, a dibenzofluorenyl
group, a 2-biphenylyl group, a 3-biphenylyl group, a 4-bi-
phenylyl group, a p-terphenyl-4-yl group, a p-terphenyl-3-yl
group, a p-terphenyl-2-yl group, a m-terphenyl-4-yl group,
a m-terphenyl-3-yl group, a m-terphenyl-2-yl group, an
o-tolyl group, an m-tolyl group, a p-tolyl group, a p-t-
butylphenyl group, a p-(2-phenylpropyl)phenyl group, a
3-methyl-2-naphthyl group, a 4-methyl-1-naphthyl group, a
4-methyl-1-anthryl group, a 4'-methylbiphenyl group, and a
4"-t-butyl-p-terphenyl-4-y1 group. Among these, an unsub-
stituted phenyl group, a substituted phenyl group, a substi-
tuted or unsubstituted aryl group having from 10 to 14
ring-forming carbon atoms (e.g., a 1l-naphthyl group, a
2-naphthyl group, and a 9-phenanthryl group), a substituted
or unsubstituted fluorenyl group (a 2-fluorenyl), and a sub-
stituted or unsubstituted pyrenyl group (a 1-pyrenyl group,
2-pyrenyl group, and 4-pyrenyl group) are preferable.
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[0123] Examples of the substituted or unsubstituted fused
aryl groups having from 10 to 20 ring-forming carbon atoms
of Ar’®, Ar®, and Ar® include a 1-naphthyl group, a 2-naph-
thyl group, a 1-anthryl group, a 2-anthryl group, a 9-anthryl
group, a l-phenanthryl group, a 2-phenanthryl group, a
3-phenanthryl group, a 4-phenanthryl group, a 9-phenan-
thryl group, a 1-naphthacenyl group, a 2-naphthacenyl
group, a 9-naphthacenyl group, a 1-pyrenyl group, a 2-pyre-
nyl group, a 4-pyrenyl group, and a 2-fluorenyl group.
Among these, a 1-naphthyl group, a 2-naphthyl group, a
9-phenanthryl group, and a fluorenyl group (a 2-fluorenyl
group) are preferable.

[0124] Examples of the substituted or unsubstituted het-
erocyclic groups having from 5 to 50 ring-forming atoms of
R'to R®, R™, Ar’ to Ar’, Ar*', and Ar'? include a 1-pyrrolyl
group, a 2-pyrrolyl group, a 3-pyrrolyl group, a pyrazinyl
group, a 2-pyridinyl group, a 3-pyridinyl group, a 4-pyridi-
nyl group, a 1-indolyl group, a 2-indolyl group, a 3-indolyl
group, a 4-indolyl group, a 5-indolyl group, a 6-indolyl
group, a 7-indoly] group, a 1-isoindolyl group, a 2-isoindo-
lyl group, a 3-isoindolyl group, a 4-isoindolyl group, a
S-isoindolyl group, a 6-isoindolyl group, a 7-isoindolyl
group, a 2-furyl group, a 3-furyl group, a 2-benzofuranyl
group, a 3-benzofuranyl group, a 4-benzofuranyl group, a
5-benzofuranyl group, a 6-benzofuranyl group, a 7-benzo-
furanyl group, a 1-isobenzofuranyl group, a 3-isobenzofura-
nyl group, a 4-isobenzofuranyl group, a S-isobenzofuranyl
group, a 6-isobenzofuranyl group, a 7-isobenzofuranyl
group, a 1-dibenzofuranyl group, a 2-dibenzofuranyl group,
a 3-dibenzofuranyl group, a 4-dibenzofuranyl group, a
1-dibenzothiophenyl group, a 2-dibenzothiophenyl group, a
3-dibenzothiophenyl group, a 4-dibenzothiophenyl group, a
quinolyl group, a 3-quinolyl group, a 4-quinolyl group, a
5-quinolyl group, a 6-quinolyl group, a 7-quinolyl group, a
8-quinolyl group, a 1-isoquinolyl group, a 3-isoquinolyl
group, a 4-isoquinolyl group, a S-isoquinolyl group, a 6-iso-
quinolyl group, a 7-isoquinolyl group, a 8-isoquinolyl
group, a 2-quinoxalinyl group, a 5-quinoxalinyl group, a
6-quinoxalinyl group, a 1-carbazolyl group, a 2-carbazolyl
group, a 3-carbazolyl group, a 4-carbazolyl group, a 9-car-
bazolyl group, a 1-phenanthrydinyl group, a 2-phenanthry-
dinyl group, a 3-phenanthrydinyl group, a 4-phenanthrydi-
nyl group, a 6-phenanthrydinyl group, a 7-phenanthrydinyl
group, a 8-phenanthrydinyl group, a 9-phenanthrydinyl
group, a 10-phenanthrydinyl group, a 1-acridinyl group, a
2-acridinyl group, a 3-acridinyl group, a 4-acridinyl group,
a 9-acridinyl group, a 1,7-phenanthrolin-2-yl group, a 1,7-
phenanthrolin-3-yl group, a 1,7-phenanthrolin-4-yl group, a
1,7-phenanthrolin-5-yl group, a 1,7-phenanthrolin-6-yl
group, a 1,7-phenanthrolin-8-yl group, a 1,7-phenanthrolin-
9-yl group, a 1,7-phenanthrolin-10-yl group, a 1,8-phenan-
throlin-2-yl group, a 1,8-phenanthrolin-3-yl group, a 1,8-
phenanthrolin-4-y1 group, a 1,8-phenanthrolin-5-yl group, a
1,8-phenanthrolin-6-yl group, a 1,8-phenanthrolin-7-yl
group, a 1,8-phenanthrolin-9-yl group, a 1,8-phenanthrolin-
10-y1 group, a 1,9-phenanthrolin-2-yl group, a 1,9-phenan-
throlin-3-yl group, a 1,9-phenanthrolin-4-yl group, a 1,9-
phenanthrolin-5-y1 group, a 1,9-phenanthrolin-6-y1 group, a
1,9-phenanthrolin-7-yl group, a 1,9-phenanthrolin-8-yl
group, a 1,9-phenanthrolin-10-yl group, a 1,10-phenanthro-
lin-2-yl group, a 1,10-phenanthrolin-3-yl group, a 1,10-
phenanthrolin-4-yl group, a 1,10-phenanthrolin-5-y1 group,
a 2,9-phenanthrolin-1-yl group, a 2,9-phenanthrolin-3-yl
group, a 2,9-phenanthrolin-4-yl group, a 2,9-phenanthrolin-
5-yl group, a 2,9-phenanthrolin-6-y1 group, a 2,9-phenan-
throlin-7-yl group, a 2,9-phenanthrolin-8-yl group, a 2,9-
phenanthrolin-10-y1 group, a 2,8-phenanthrolin-1-y1 group,
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a 2,8-phenanthrolin-3-yl group, a 2,8-phenanthrolin-4-yl
group, a 2,8-phenanthrolin-5-y1 group, a 2,8-phenanthrolin-
6-yl group, a 2,8-phenanthrolin-7-yl group, a 2,8-phenan-
throlin-9-yl group, a 2,8-phenanthrolin-10-y1 group, a 2,7-
phenanthrolin-1-yl group, a 2,7-phenanthrolin-3-yl group, a
2,7-phenanthrolin-4-yl group, a 2,7-phenanthrolin-5-yl
group, a 2,7-phenanthrolin-6-y1 group, a 2,7-phenanthrolin-
8-yl group, a 2,7-phenanthrolin-9-yl group, a 2,7-phenan-
throlin-10-y1 group, a 1-phenadinyl group, a 2-phenadinyl
group, a 1-phenothiadinyl group, a 2-phenothiadinyl group,
a 3-phenothiadinyl group, a 4-phenothiadinyl group, a
10-phenothiadiny] group, a 1-phenoxadinyl group, a 2-phe-
noxadinyl group, a 3-phenoxadiny]1 group, a 4-phenoxadinyl
group, a 10-phenoxadinyl group, a 2-oxazolyl group, a
4-oxazolyl group, a 5-oxazolyl group, a 2-oxadiazolyl
group, a S-oxadiazolyl group, a 3-furazanyl group, a 2-thie-
nyl group, a 3-thienyl group, a 2-methylpyrrol-1-yl group, a
2-methylpyrrol-3-yl group, a 2-methylpyrrol-4-yl group, a
2-methylpyrrol-5-y1 group, a 3-methylpyrrol-1-yl group, a
3-methylpyrrol-2-yl group, a 3-methylpyrrol-4-yl group, a
3-methylpyrrol-5-yl group, a 2-t-butylpyrrol-4-yl group, a
3-(2-phenylpropyl)pyrrol-1-yl group, a 2-methyl-1-indolyl
group, a 4-methyl-1-indolyl group, a 2-methyl-3-indolyl
group, a 4-methyl-3-indolyl group, a 2-t-butyl-1-indolyl
group, a 4-t-butyl-1-indolyl group, a 2-t-butyl-3-indolyl
group, and a 4-t-butyl-3-indolyl group. Among these, a
1-dibenzofuranyl group, a 2-dibenzofuranyl group. a
3-dibenzofuranyl group, a 4-dibenzofuranyl group, a
1-dibenzothiophenyl group, a 2-dibenzothiophenyl group, a
3-dibenzothiophenyl group, a 4-dibenzothiophenyl group, a
1-carbazolyl group, a 2-carbazolyl group, a 3-carbazolyl
group, a 4-carbazolyl group, and a 9-carbazolyl group are
preferable.

[0125] Examples of the substituted or unsubstituted alkyl
groups having from 1 to 50 carbon atoms of R' to R®, R",
and Ar’ to Ar’ include a methyl group, an ethyl group, a
propyl group, an isopropyl group, a n-butyl group, an s-butyl
group, an isobutyl group, a t-butyl group, a n-pentyl group,
a n-hexyl group, a n-heptyl group, a n-octyl group, a
hydroxymethyl group, a 1-hydroxyethyl group, a 2-hy-
droxyethyl group. a 2-hydroxyisobutyl group, a 1,2-dihy-
droxyethyl group. a 1,3-dihydroxyisopropyl group, a 2,3-
dihydroxy-t-butyl group, a 1,2,3-trihydroxypropyl group, a
chloromethyl group, a 1-chloroethyl group, a 2-chloroethyl
group, a 2-chloroisobutyl group, a 1,2-dichloroethyl group,
a 1,3-dichloroisopropyl group, a 2,3-dichloro-t-butyl group,
a 1,23-trichloropropyl group, a bromomethyl group, a
1-bromoethyl group, a 2-bromoethyl group, a 2-bro-
moisobutyl group, a 1,2-dibromoethyl group, a 1,3-dibro-
moisopropyl group, a 2,3-dibromo-t-butyl group, a 1,2,3-
tribromopropyl group, an iodomethyl group, a 1-iodoethyl
group, a 2-iodoethyl group, a 2-iodoisobutyl group, a 1,2-
diiodoethyl group, a 1,3-diiodoisopropyl group, a 2,3-di-
iodo-t-butyl group, a 1,2,3-triiodopropy! group, an aminom-
ethyl group, a 1-aminoethy! group, a 2-aminoethyl group, a
2-aminoisobutyl group, a 1,2-diaminoethyl group, a 1,3-
diaminoisopropyl group, a 2,3-diamino-t-butyl group, a 1,2,
3-triaminopropyl group, a cyanomethyl group, a 1-cyano-
ethyl group, a 2-cyanoethyl group, a 2-cyanoisobutyl group,
a 1,2-dicyanoethyl group, a 1,3-dicyanoisopropyl group, a
2,3-dicyano-t-butyl group, a 1,2,3-tricyanopropyl group, a
nitromethyl group, a l-nitroethyl group, a 2-nitroethyl
group, a 2-nitroisobutyl group, a 1,2-dinitroethyl group, a
1,3-diiodoisopropyl group, a 2,3-dinitro-t-butyl group, and a
1,2,3-trinitropropyl group. Among these, a methyl group, an
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ethyl group, a propyl group, an isopropyl group, a n-butyl
group, a s-butyl group, an isobutyl group, and a t-butyl
group are preferable.

[0126] Examples of the substituted or unsubstituted
cycloalkyl groups having from 3 to 50 ring-forming carbon
atoms of R to R®, R'*, and Ar® to Ar” include a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a 4-methylcyclohexyl group, a 1-adamantyl group, a
2-adamantyl group, a 1-norbornyl group, and a 2-norbornyl
group. Among these, a cyclopentyl group and a cyclohexyl
group are preferable.

[0127] Examples of the substituted or unsubstituted
alkoxy groups having from 1 to 50 carbon atoms of R' to R®
and R*! include a group represented by —OZ.. 7 is selected
from the substituted or unsubstituted alkyl group having
from 1 to 50 carbon atoms of R' to R® described above.

[0128] Examples of the substituted or unsubstituted
aralkyl groups having from 7 to 50 carbon atoms (wherein
an aryl moiety has from 6 to 49 carbon atoms and an alkyl
moiety has from 1 to 44 carbon atoms) of R to R®, R", and
Ar’® to Ar’ include a benzyl group, a 1-phenylethyl group, a
2-phenylethyl group, a 1-phenylisopropyl group, a 2-phe-
nylisopropyl group, a phenyl-t-butyl group, an a-naphthyl-
methyl group, a 1-a-naphthylethyl group, a 2-a-naphthyl-
ethyl group, a Il-a-naphthylisopropyl group, a 2-a-
naphthylisopropyl group, p-naphthylmethyl group, a 1-f-
naphthylethyl group, a 2-fB-naphthylethyl group, a 1-f-
naphthylisopropyl group, a 2-f-naphthylisopropyl group, a
1-pyrrolylmethyl group, a 2-(1-pyrrolyl)ethyl group, a
p-methylbenzyl group, a m-methylbenzyl group, an o-meth-
ylbenzyl group, a p-chlorobenzyl group, a m-chlorobenzyl
group, an o-chlorobenzyl group, a p-boromobenzyl group, a
m-boromobenzyl group, an o-boromobenzyl group, a p-io-
dobenzyl group, a m-iodobenzyl group, an o-iodobenzyl
group, a p-hydroxybenzyl group, a m-hydroxybenzyl group,
an o-hydroxybenzyl group, a p-aminobenzyl group, a
m-aminobenzyl group, an o-aminobenzyl group, a p-ni-
trobenzyl group, a m-nitrobenzyl group, an o-nitrobenzyl
group, a p-cyanobenzyl group, a m-cyanobenzyl group, an
o-cyanobenzyl group, a 1-hydroxy-2-phenylisopropyl
group, and a 1-chloro-2-phenylisopropyl group.

[0129] The substituted or unsubstituted aryloxy groups
having from 6 to 50 ring-forming carbon atoms of R* to R¥,
and R are a group represented by —QY, and the arylthio
group is a group represented by —SY. Y is selected from the
substituted or unsubstituted aryl groups having from 6 to 50
ring-forming carbon atoms of R to R®.

[0130] The substituted or unsubstituted alkoxycarbonyl
groups having from 2 to 50 carbon atoms (the alkyl moiety
has 1 to 49 carbon atoms) of R* to R® and R*" are a group
represented by —COQZ. 7 is selected from the substituted
or unsubstituted alkyl groups having from 1 to 50 carbon
atoms of R' to R®,

[0131] Examples of the substituted silyl groups of R* to R®
and R™ include a trimethylsilyl group, a triethylsilyl group,
a t-butyldimethylsilyl group, a vinyldimethylsilyl group, a
propyldimethylsilyl group, and a triphenylsilyl group.
[0132] Examples of the halogen atoms of R* to R® and R
include fluorine, chlorine, bromine, and iodine.

[0133] Examples of the aminoanthracene derivative used
as a dopant include a compound represented by Formula
(11) below.
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[Chemical Formula 11]
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[0134] Such a compound is used as a dopant.

[0135] In Formula (11), A, and A, are each independently
a substituted or unsubstituted aliphatic hydrocarbon group
having from 1 to 6 ring-forming carbon atoms, a substituted
or unsubstituted aromatic hydrocarbon group having from 6
to 20 carbon atoms, or a substituted or unsubstituted het-
eroaromatic hydrocarbon group having from 5 to 19 carbon
atoms, containing any of a nitrogen atom, a sulfur atom, and
an oxygen atom. Each A; is independently a substituted or
unsubstituted aliphatic hydrocarbon group having from 1 to
6 carbon atoms, a substituted or unsubstituted aromatic
hydrocarbon group having from 6 to 20 carbon atoms, a
substituted or unsubstituted heteroaromatic hydrocarbon
group having from 5 to 19 carbon atoms, containing any of
a nitrogen atom, a sulfur atom, and an oxygen atom, or a
hydrogen atom.

[0136] Examples of the aminochrysene derivative include
a compound represented by Formula (12) below.

[Chemical Formula 12]

12)

\
/
Y X3

[0137] Such a compound is preferable.

[0138] In Formula (12), X, to X, are each independently
a hydrogen atom or a substituent, and Y, and Y, are each
independently a substituent. X, to X,, are preferably a
hydrogen atom. Y, and Y, are each independently preferably
a substituted (preferably substituted with an alkyl group
having from 1 to 6 carbon atoms) or unsubstituted aromatic
ring (preferably an aromatic ring having from 6 to 10 carbon
atoms, or a phenyl group) having from 6 to 30 carbon atoms.

[0139] Examples of the aminopyrene derivative include a
compound represented by Formula (13) below.
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[Chemical Formula 13]
(13)

Xy Xio
) C s
X5 X3
Xs X4
[0140] Such a compound is preferable.
[0141] In Formula (13), X, to X, are each independently

a hydrogen atom or a substituent. Provided that X, and X,
or X, and X, are each a —NY, Y, group, wherein Y, and Y,
are a substituent. When X; and X are each —NY, Y, group,
it is preferable that X,, X,, X5, X,, Xg, and X, be a
hydrogen atom and X, and X, be a hydrogen atom, an alkyl
group, or a cycloalkyl group. When X, and X, are each
—NY, Y, group, it is preferable that X, X; to X, and X4 to
X, be a hydrogen atom. Y, and Y, are preferably a substi-
tuted aromatic ring (e.g., substituted with an alkyl group
having from 1 to 6 carbon atoms) or unsubstituted aromatic
ring (e.g., a phenyl group and a naphthyl group).

[0142] The content (doping amount) of the TTF material
in the first light-emitting layer 33a is preferably not less than
10 wt %, more preferably not less than 30 wt %, and most
preferably not less than 50 wt %.

[0143] When the host material is used, it is desirable that
the T, level of the host material be higher than the T, level
of the TTF material. In this case, excitation energy is easily
transferred from the host material to the TTF material.
[0144] In the present embodiment, it is preferable that the
first light-emitting layer 33a have high hole transport prop-
erty and the second light-emitting layer 335 and the third
light-emitting layer 33¢ have high electron transport prop-
erty. Therefore, it is desirable that the first light-emitting
layer 33a contain a material having a hole mobility higher
than the electron mobility and the second light-emitting
layer 33b and the third light-emitting layer 33¢ contain a
material having an electron mobility higher than the hole
mobility.

[0145] When such materials are used, holes are efficiently
injected or transported from the positive electrode 2 to the
first light-emitting layer 33a, and electrons are efficiently
injected or transported from the negative electrode 4 to the
second light-emitting layer 3356 through the third light-
emitting layer 33¢. As a result, recombination of carriers
(electrons and holes) is likely to occur in the vicinity of
interface between the first light-emitting layer 334 and the
second light-emitting layer 335. Therefore, a Dexter transi-
tion from the second light-emitting layer 335 to the first
light-emitting layer 33a is likely to occur.

[0146] Accordingly, when the first light-emitting layer 33a
contains the host material, it is desirable that as the host
material, the material having a hole mobility higher than the
electron mobility be used.

[0147] The thickness of the first light-emitting layer 334 is
preferably greater than 5 nm, and more preferably less than
5 nm.

[0148] In the present embodiment, light emission of the
first light-emitting layer 33a is performed by using Dexter
energy transfer of excitons generated in the second light-
emitting layer 336. A Dexter transition occurs only between
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adjacent molecules. Therefore, when the thickness of the
first light-emitting layer 33a is large, the light-emitting
efficiency may be decreased. Accordingly, it is desirable that
the thickness of the first light-emitting layer 33a be not
greater than 5 nm.

[0149] Second Light-Emitting Layer 336 For the second
light-emitting layer 335, a TADF material is used as the
delayed fluorescent material. The second light-emitting
layer 335 contains a host material (second host material) and
the TADF material, or at least the TADF material.

[0150] The TADF material is a material in which a singlet
excited state (S,) can be generated by reverse intersystem
crossing from a triplet excited state (T,) by thermal activa-
tion. The TADF material is a delayed fluorescent material in
which the energy difference A, between the S, level and
the T, level is extremely small. When the delayed fluores-
cent material in which the energy difference Az, between
the S, level and the T, level is extremely small is used for
the dopant material, reverse intersystem crossing from the
T, level to the S, level due to thermal energy occurs. It is
considered that use of delayed fluorescence due to the TADF
material can theoretically enhance the internal quantum
efficiency to 100% in fluorescent emission.

[0151] As the TADF material, a known material can be
used, and is not particularly limited. Examples of green
light-emitting TADF material used in the present embodi-
ment include phenoxazine-triphenyltriazine (PXZ-TRZ).
The TADF material may be used alone, or two or more kinds
thereof may be appropriately used in combination.

[0152] For the TADF material, a material having a higher
T, level than the T, level of at least one of the host material
and the TTF material contained in the first light-emitting
layer 33a is selected. In this case, energy is easily transferred
from the TADF material to the at least one of the host
material and the TTF material contained in the first light-
emitting layer 33a.

[0153] As the host material, a publicly known host mate-
rial that has been typically used for an EL layer (in the
present embodiment, the organic EL layer) can be used.
Examples of the host material include acene-based materials
such as a carbazole derivative, anthracene, and tetracene,
and derivatives thereof. One kind of the host material may
be used alone, or two or more kinds of thereof may be
appropriately used in combination.

[0154] When the host material is used, it is desirable that
the T, level of the host material be higher than the S, level
and the T, level of the TADF material. In this case, excita-
tion energy is easily transferred from the host material to the
TADF material.

[0155] In the present embodiment, it is preferable that the
first light-emitting layer 33a have high hole-transporting
property and the second light-emitting layer 335 and the
third light-emitting layer 33¢ have high electron-transport-
ing property, as described above.

[0156] Therefore, as the host material, an electron-trans-
porting host material having an electron mobility higher than
the hole mobility is preferably used. Accordingly, as the host
material, for example, an electron-transporting material such
as 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP,
trivial name: bathocuproine) is preferably used.

[0157] The content (doping amount) of the TADF material
in the second light-emitting layer 335 is preferably not less
than 10 wt %, more preferably not less than 30 wt %, and
most preferably not less than 50 wt %. Therefore, when the
second light-emitting layer 335 contains the host material,
the host material is doped with the TADF material such that
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the second light-emitting layer 335 contains the TADF
material in a content of at least 10%.

[0158] It is desirable that the HOMO level of a material
contained at least at the highest mixing ratio in the second
light-emitting layer 335 be higher than the HOMO level of
a material contained at least at the highest mixing ratio in the
first light-emitting layer 33a. In this case, holes are more
easily injected into the second light-emitting layer 335 than
the first light-emitting layer 33a.

[0159] It is desirable that the HOMO level of the material
contained at least at the highest mixing ratio in the second
light-emitting layer 335 be higher than the HOMO level of
a material contained at least at the highest mixing ratio in the
third light-emitting layer 33¢. In this case, holes are hardly
leaked from the second light-emitting layer 335 to the third
light-emitting layer 33c.

[0160] It is desirable that the LUMO level of the material
contained at least at the highest mixing ratio in the second
light-emitting layer 336 be lower than the LUMO level of
the material contained at least at the highest mixing ratio in
the first light-emitting layer 33a. In this case, electrons are
hardly leaked from the second light-emitting layer 335 to the
first light-emitting layer 33a.

[0161] It is desirable that the LUMO level of the material
contained at least at the highest mixing ratio in the second
light-emitting layer 336 be lower than the LUMO level of
the material contained at least at the highest mixing ratio in
the third light-emitting layer 33c¢. In this case, electrons are
more easily injected into the second light-emitting layer 335
than the third light-emitting layer 33c.

[0162] Therefore, when materials satisfying the relation-
ships described above are used for the first light-emitting
layer 33a, the second light-emitting layer 335, and the third
light-emitting layer 33c, the excitation generation probabil-
ity in the second light-emitting layer 335 can be enhanced.
As a result, the light-emitting efficiency of the second
light-emitting layer 334 can be improved. In addition, due to
transfer of energy of excitations generated in the second
light-emitting layer 335, light can be efliciently emitted also
by the first light-emitting layer 33¢ and the third light-
emitting layer 33c.

[0163] The threshold value of photoelectrons that are
released by irradiation with ultraviolet light by using an
atmospheric pressure photoemission spectrometer “AC-3”
available from Riken Keiki Co., Ltd., or the like, is mea-
sured. Thus, the HOMO level can be determined. On the
other hand, a band gap is determined from the energy of an
absorption edge of an absorption spectrum under irradiation
with ultraviolet light by using an ultraviolet-visible spec-
troscopy “UV-2450" available from Shimadzu Corporation.
The LUMO level can be determined by calculation from the
band gap and the HOMO level determined by the procedure
described above.

[0164] For comparison of the HOMO level and the LUMO
level, an energy difference is important, but not values
themselves. Both the HOMO level and the LUMO level can
be determined by an ordinary procedure. Therefore, com-
parison of the HOMO levels and comparison of the LUMO
levels that are determined by the same procedure is desirable
although details of a measurement method are omitted.
[0165] The thickness of the second light-emitting layer
336 is preferably not greater than 20 nm, more preferably
from 2 to 20 nm, and even more preferably from 5 to 10 nm.
[0166] In the present embodiment, the third light-emitting
layer 33¢ is made to emit light by using a Férster transition
(Forster energy transfer) from the TADF material in the



US 2019/0326540 A1l

second light-emitting layer 335 to a fluorescent material in
the third light-emitting layer 33c.

[0167] The Forster transition occurs when the materials
are within a constant distance without direct contact. The
second light-emitting layer 3354 is a green light-emitting
layer (green-fluorescence emitting layer), and the third light-
emitting layer 33¢ is a red light-emitting layer (red-fluores-
cence emitting layer). Therefore, the energy levels of the
second light-emitting layer 33 and the third light-emitting
layer 33c¢ have a relationship of S, ;>S,; and T, >T,,.
Accordingly, energy is easily transferred from the second
light-emitting layer 334 to the third light-emitting layer 33c.
When a distance between a molecule of the TADF material
and a molecule of the fluorescent material in the third
light-emitting layer 33¢ is not greater than 20 nm, the Forster
transition easily and certainly occurs, and the energy transfer
efficiency is not deteriorated.

[0168] When the thickness of the second light-emitting
layer 335 is not greater than 20 nm, the distance between the
third light-emitting layer 33¢ and the molecule of the TADF
material that is positioned the farthest from the fluorescent
material in the third light-emitting layer 33c¢ (i.e., a surface
of the second light-emitting layer 335 on a side opposite to
the third light-emitting layer 33c¢, that is, a surface on the
side of the first light-emitting layer 33a) in the second
light-emitting layer 335 is not greater than 20 nm. Therefore,
the shortest distances between an optional position of the
second light-emitting layer 33 and the third light-emitting
layer 33c¢ are all not greater than 20 nm. Accordingly, even
in the molecule of the TADF material positioned on the
surface of the second light-emitting layer 335 on the side
opposite to the third light-emitting layer 33¢, the Forster
transition may occur. The Forster transition from the mol-
ecule of the TADF material at the optional position to the
fluorescent material in the third light-emitting layer 33¢ may
occur.

[0169] To make the thicknesses of the layers uniform and
suppress a decrease in light-emitting efficiency, the thick-
ness of the second light-emitting layer 335 is preferably not
less than 2 nm, and more preferably not less than 5 nm.

Third Light-Emitting Layer 33¢

[0170] As described above, the fluorescent material hav-
ing the longest emission peak wavelength of the light-
emitting materials used in the light-emitting layer 33 is used
for the third light-emitting layer 33¢. The third light-emitting
layer 33¢ contains the host material (third host material) and
the fluorescent material, or at least the fluorescent material.
[0171] As the fluorescent material, a known fluorescent
material can be used, and is not particularly limited as long
as it is a fluorescent material having a S, level lower than the
S, level and the T, level of the TADF material in the second
light-emitting layer 335. Examples of a red light-emitting
fluorescent material used in the present embodiment include
a 4-dicyanomethylene-2-methyl-6-(p-dimethylaminos-
tyryl)-4H-pyran (DCM), a 4-dicyanomethylene-2-methyl-6-
(julolidin-4-yl-vinyl)-4H-pyran (DCM2), a perylene deriva-
tive such as a diindenoperylene derivative, an europium
complex, a benzopyran derivative, a rhodamine derivative,
a benzothioxanthene derivative, a porphyrin derivative, and
nile red.

[0172] As the host material, a publicly known host mate-
rial that has been typically used for an EL layer (in the
present embodiment, the organic EL layer) can be used. As
the host material, for example, the same host material as the
host material used in the second light-emitting layer 335 can
be used. Specific examples of the host material include
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acene-based materials such as a carbazole derivative, anthra-
cene, and tetracene, and derivatives thereof. One kind of the
host material may be used alone, or two or more kinds of
thereof may be appropriately used in combination.

[0173] In the present embodiment, it is preferable that the
second light-emitting layer 334 and the third light-emitting
layer 33¢ have high electron-transporting property, as
described above. Therefore, it is preferable that an electron-
transporting host material having an electron mobility higher
than the hole mobility be used for the third light-emitting
layer 33c. Accordingly, as the host material, for example, an
electron-transporting material such as bathocuproine (BCP)
is preferably used.

[0174] The content (doping amount) of the fluorescent
material in the third light-emitting layer 33¢ is preferably not
less than 10 wt %, more preferably not less than 30 wt %,
and most preferably not less than 50 wt %.

[0175] The thickness of the third light-emitting layer 33¢
is preferably not greater than 20 nm, and more preferably
from 10 to 20 nm.

[0176] The Forster radius is approximately 15 nm. There-
fore, for all molecules of the third light-emitting layer 33¢
having a thickness of not greater than 20 nm, a Forster
transition occurs. In the third light-emitting layer 33¢ having
a thickness of not less than 10 nm, energy transfer from the
third light-emitting layer 33¢ to a layer on a side opposite to
the second light-emitting layer 335 hardly occurs. Therefore,
when the thickness of the third light-emitting layer 33c is
from 10 to 20 nm, the light-emitting efficiency is the highest.

Hole Injecting Layer 31 and Hole Transport Layer 32

[0177] The hole injecting layer 31 includes a hole-inject-
ing material and has a function to increase the hole injection
efficiency to the light-emitting layer 33.

[0178] The hole transport layer 32 includes a hole-trans-
porting material and has a function to increase the hole
transport efficiency to the light-emitting layer 33.

[0179] The hole injecting layer 31 and the hole transport
layer 32 may be formed as mutually independent layers, or
may be integrated together as a hole injection-cum-transport
layer. It is not necessary that both the hole injecting layer 31
and the hole transport layer 32 be provided. Only one of the
hole injecting layer 31 and the hole transport layer 32, for
example, only the hole transport layer 32 may be provided.
Both the hole injecting layer 31 and the hole transport layer
32 may not be provided.

[0180] As a material for the hole injecting layer 31, the
hole transport layer 32, or the hole injection-cum-transport
layer, that is, a material used as the hole-injecting material
or the hole-transporting material, a known material can be
used.

[0181] Examples of the material include linear or hetero-
cyclic conjugated monomers, oligomers, or polymers such
as naphthalene, anthracene, azatriphenylene, fluorenone,
hydrazone, stilbene, triphenylene, benzine, styrylamine, tri-
phenylamine, porphyrins, triazole, imidazole, oxadiazole,
oxazole, polyarylalkane, phenylenediamine, arylamine, and
derivative thereof, a thiophene-based compound, a polysi-
lane-based compound, a vinyl carbazole-based compound,
and an aniline-based compound.

[0182] Specifically, N,N'-di(naphthalen-1-y1)-N,N'-diphe-
nyl-benzidine (a-NPD), 2,3,6,7,10,11-hexacyano-1,4,5.8,9,
12-hexaazatriphenylene (HAT-CN), 1,3-bis(carbazol-9-yl)
benzene (mCP), di-[4-(N,N-ditolyl-amino)-phenyl]
cyclohexane (TAPC), 9,10-diphenylanthracene-2-sulfonate
(DPAS), N,N'-diphenyl-N,N'-(4-(di(3-tolyl)amino)phenyl)-
1,1-biphenyl-4.4'-diamine (DNTPD), iridium (III) tris[N,
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N'-diphenylbenzimidazol-2-ylidene-C2.C2'7  (Ir(dpbic),),
4,4' A"-tris-(N-carbazolyl)-triphenylamine (TCTA), 2,2-bis
(p-trimellitic oxyphenyl)propanoic anhydride (BTPD), bis
[4-(p,p-ditolylamino)phenyl]diphenylsilane (DTASI), or the
like is used.

[0183] For the hole injecting layer 31, the hole transport
layer 32, or the hole injection-cum-transport layer, an intrin-
sic hole-injecting material or an intrinsic hole-transporting
material that is not doped with an impurity may be used.
Alternatively, the material may be doped with an impurity to
enhance the electrical conductivity.

[0184] To obtain highly-efficient light emission, it is desir-
able that the excitation energy be trapped within the light-
emitting layer 33. Therefore, it is desirable that as the
hole-injecting material and the hole-transporting material, a
material having an S, level and a T, level that are excitation
levels higher than the S, level and the T, level of the
fluorescent material (dopant material) in the light-emitting
layer 33 be used. Therefore, it is more preferable that as the
hole-injecting material and the hole-transporting material, a
material having high excitation level and high hole mobility
be selected.

Electron Transport Layer 34 and Electron Injecting Layer 35

[0185] The electron injecting layer 35 includes an elec-
tron-injecting material and has a function to increase the
electrode injection efficiency to the light-emitting layer 33.
[0186] The electron transport layer 34 includes an elec-
tron-transporting material and has a function to increase the
electron transport efficiency to the light-emitting layer 33.
[0187] The electron injecting layer 35 and the electron
transport layer 34 may be formed as mutually independent
layers, or may be integrated together as an electron injec-
tion-cum-transport layer. It is not necessary that both the
electron injecting layer 35 and the electron transport layer 34
be provided. Only one of the electron injecting layer 35 and
the electron transport layer 34, for example, only the elec-
tron transport layer 34 may be provided. Both the electron
injecting layer 35 and the electron transport layer 34 may not
be provided.

[0188] As a material for the electron injecting layer 35, the
electron transport layer 34, or the electron injection-cum-
transport layer, that is, a material used as the electron-
injecting material or the electron-transporting material, a
known material can be used.

[0189] Examples of the material include quinoline,
perylene, phenanthroline, hisstyryl, pyrazine, triazole,
oxazole, oxadiazole, fluorenone, and derivatives and metal
complexes thereof, and lithium fluoride (LiF).

[0190] Specific examples thereof include 4,7-diphenyl-1,
10-phenanthroline (Bphen), 3,3'-bis(9H-carbazol-9-y1)bi-
phenyl (mCBP), 2,9-dimethyl-4,7-diphenyl-1,10-phenan-
throline  (BCP), 1,3,5-tris(N-phenylbenzimidazol-2-yl)
benzene (TPBI), 3-phenyl-4(1'-naphthyl)-5-phenyl-1,2.,4-
triazole  (TAZ), 1,10-phenanthroline,  Alq(tris(8-
hydroxyquinoline) aluminum), and LiF.

[0191] For the electron injecting layer 35, the electron
transport layer 34, or the electron injection-cum-transport
layer, an intrinsic electron-injecting material or an intrinsic
electron-transporting material that is not doped with an
impurity may be used. Alternatively, the material may be
doped with an impurity to enhance the electrical conductiv-
ity.

[0192] To obtain highly-efficient light emission, it is desit-
able that the excitation energy be trapped within the light-
emitting layer 33. Therefore, it is desirable that as the
electron-injecting material and the -electron-transporting
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material, a material having an S, level and a T, level that are
excitation levels higher than the S, level and the T level of
the dopant material in the adjacent light-emitting layer 33 be
used. Therefore, it is more preferable that as the electron-
injecting material and the electron-transporting material, a
material having high excitation level and high electron
mobility be selected.

[0193] The thicknesses of the layers formed as necessary,
other than the light-emitting layer 33 is appropriately set
such that excitons are generated in the second light-emitting
layer 33b, but is not particularly limited. The thicknesses
may be set according to the mobility of carriers (holes and
electrons) in each layer, the balance thereof, or the kind of
material constituting each layer. The thicknesses of the
layers can be set similarly to those in the known organic EL
element.

Principle of Light Emission

[0194] Next, the principle of light emission of the organic
EL element 10 according to the present embodiment will be
described hereinafter with reference to FIGS. 1A and 1B.
[0195] In the organic EL element 10 according to the
present embodiment, light can be emitted by using the
following features. (1) When light-emitting layers having
different emission peak wavelengths are layered, the exci-
tation energy is easily transferred from the light-emitting
layer of which the emission peak wavelength is on the
shorter wavelength side to the light-emitting layer of which
the emission peak wavelength is on the longer wavelength
side. (2) Since in the TADF material, excitons can be freely
transferred between the S; level and the T, level, excitons
are generated uniformly in the S| level and the T, level of the
TADF material. (3) The TTF material can be made to emit
light by re-excitation from the T, level to the S, level.
[0196] The organic EL element 10 has a configuration in
which the first light-emitting layer 33a (blue light-emitting
layer) having the shortest emission peak wavelength of the
light-emitting layer 33, the second light-emitting layer 335
(green light-emitting layer), and the third light-emitting
layer 33¢ (red light-emitting layer) having the longest emis-
sion peak wavelength of the light-emitting layer 33 are
layered in this order between a pair of electrodes (the
positive electrode 2 and the negative electrode 4). The first
light-emitting layer 33a contains the host material and the
TTF material or at least the TTF material. The second
light-emitting layer 335 contains the host material and the
TADF material or at least the TADF material. The third
light-emitting layer 33¢ contains the host material and the
fluorescent material or at least the fluorescent material. The
T, level of at least one of the host material and the TTF
material contained in the first light-emitting layer 33a is
lower than the T, level of the TADF material contained in
the second light-emitting layer 335.

[0197] Even when excitons are generated in a general
fluorescent material, as described above, 25% of singlet
excitons can be only used in light emission.

[0198] However, in the TADF material, an energy differ-
ence A between the S, level and the T, level is extremely
small, as illustrated in FIG. 1A. The TADF material is a
delayed fluorescent material in which a singlet excited state
(S,) can be generated by reverse intersystem crossing from
a triplet excited state (T,) by thermal activation. Therefore,
light can be emitted by returning triplet excitons into the
singlet excitons. It is considered that use of delayed fluo-
rescence of the TADF material can theoretically enhance the
internal quantum efficiency to 100% in fluorescent emission,
as described above.



US 2019/0326540 A1l

[0199] As described in (2), in the TADF material, excitons
can be freely transferred between the S, level and the T,
level. Therefore, excitons are generated uniformly in the S,
level and the T, level of the thermally activated delayed
fluorescent material.

[0200] As the emission peak wavelength is shorter, the
energy level of the light-emitting material is higher. The
second light-emitting layer 334 is a green light-emitting
layer, and the third light-emitting layer 33c¢ is a red light-
emitting layer. Therefore, the energy levels of the second
light-emitting layer 335 and the third light-emitting layer
33c¢ have a relationship of S, ;>S;; and T, >T), as illus-
trated in FIG. 1A. Accordingly, energy is easily transferred
from the second light-emitting layer 335 that is the green
light-emitting layer to the third light-emitting layer 33¢ that
is the red light-emitting layer, as described in (1).

[0201] According to the present embodiment, Forster
energy transfer (Forster transition) from the TADF material
in the second light-emitting layer 33) to the fluorescent
material in the third light-emitting layer 33¢ having a S,
level lower than the TADF material occurs, as illustrated in
FIGS. 1A and 1B. According to the present embodiment,
light emission can be efficiently achieved not only in the
second light-emitting layer 335 but also in the third light-
emitting layer 33c.

[0202] Further, in the organic EL element 10, the T, level
of at least one of the host material and the TTF material
contained in the first light-emitting layer 33a (e.g., the T,
level of the TTF material, as illustrated in FIG. 1A) is lower
than the T, level of the TADF material contained in the
second light-emitting layer 334. Therefore, excitation
energy is easily transferred from the TADF material in the
second light-emitting layer 336 to the host material or the
TTF material contained in the first light-emitting layer 33a.
[0203] At that time, Dexter energy transfer from the TADF
material in the second light-emitting layer 3356 to the host
material or the TTF material in the first light-emitting layer
33a occurs, as illustrated in FIGS. 1A and 1B. This is
because the second light-emitting layer 335 is layered on the
first light-emitting layer 33a (that is, the second light-
emitting layer 334 is in contact with the first light-emitting
layer 33a). Subsequently, due to the TTF phenomenon,
re-excitation from the T, level of the host material or the T,
level of the TTF material to the S, level of the TTF material
occurs in the first light-emitting layer 33a, as illustrated in
(3). According to the present embodiment, light emission
can be efficiently achieved also in the first light-emitting
layer 33a.

[0204] Therefore, according to the present embodiment,
use of a fluorescent material containing at least two kinds of
delayed fluorescent materials for the light-emitting layer 33,
as described above, can achieve emission of lights of three
colors with efficiency.

[0205] As described above, in the organic EL element 10,
the fluorescent material containing the delayed fluorescent
material is used to emit light, and a phosphorescent material
is not used. Therefore, a reduction in cost can be attained.
Accordingly, according to the present embodiment, a highly-
efficient white light-emitting device using three-color light
emission at low cost can be provided.

[0206] When Dexter energy transfer from the T, level of
the TADF material in the second light-emitting layer 335
directly to the T, level of the TTF material in the first
light-emitting layer 33a occurs, light emission can be more
efficiently archived in the first light-emitting layer 33a.
When Forster energy transfer from the T, level of the TADF
material in the second light-emitting layer 334 directly to the
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T, level of the fluorescent material in the third light-emitting
layer 33¢ occurs, light emission can be more efficiently
archived in the third light-emitting layer 33c.

[0207] When the electrode on the side of the first light-
emitting layer 33a is the positive electrode 2 and the
electrode on the side of the third light-emitting layer 33c¢ is
the negative electrode 4, like the present embodiment, holes
are efficiently imected or transported from the positive
electrode 2 to the first light-emitting layer 33a, and electrons
are efficiently injected or transported from the negative
electrode 4 to the second light-emitting layer 335 through
the third light-emitting layer 33¢. This is because the first
light-emitting layer 334 has high hole-transporting property
and the second light-emitting layer 336 and the third light-
emitting layer 33¢ have high electron-transporting property.
Therefore, recombination of carriers is likely to occur in the
vicinity of the interface between the first light-emitting layer
33a and the second light-emitting layer 335, as illustrated in
FIG. 1B. Accordingly, the exciton generation probability in
the second light-emitting layer 335 is increased, and a
Dexter transition from the second light-emitting layer 335 to
the first light-emitting layer 33a is likely to occur. As
described above, the Dexter transition occurs due to direct
contact of materials (molecules). However, a Férster tran-
sition from the S, level of the TADF material to the S, level
of the fluorescent material occurs when the materials are
within a constant distance without direct contact. Therefore,
this configuration makes it possible to emit lights of three
colors with efficiency.

Method for Manufacturing Organic EL Element 10

[0208] A method for manufacturing the organic EL ele-
ment 10 includes the steps of forming a first electrode that
is one of the pair of electrodes (the positive electrode 2 and
the negative electrode 4), forming the organic EL layer 3
(functional layer forming step), and forming a second elec-
trode that is the other of the pair of electrodes.

[0209] In a process of manufacturing the organic EL
element 10, the organic EL layer forming step is performed
between the step of forming the first electrode and the step
of forming the second electrode. Thus, the organic EL layer
3 is formed between the first electrode and the second
electrode. Therefore, the step of forming the organic EL
layer 3 between the first electrode and the second electrode
includes at least steps of forming the first light-emitting
layer 33a (first light-emitting layer forming step), forming
the second light-emitting layer 334 (second light-emitting
layer forming step), and forming the third light-emitting
layer 33c¢ (third light-emitting layer forming step).

[0210] The first light-emitting layer forming step and the
second light-emitting layer forming step are continuously
performed such that the second light-emitting layer 335 is
layered between the first light-emitting layer 33a and the
third light-emitting layer 33¢ and the first light-emitting
layer 33a and the second light-emitting layer 335 are adja-
cent to each other.

[0211] In the present embodiment, the first electrode is the
positive electrode 2, the organic EL layer forming step
includes forming the hole injecting layer 31 on the positive
electrode 2, forming the hole transport layer 32 on the hole
injecting layer 31, forming the first light-emitting layer 33a
on the hole injecting layer 31, forming the second light-
emitting layer 336 on the first light-emitting layer 33aq,
forming the third light-emitting layer 33¢ on the second
light-emitting layer 335, forming the electron transport layer
34 on the third light-emitting layer 33¢, and forming the
electron injecting layer 35 on the electron transport layer 34,



US 2019/0326540 A1l

and the negative electrode 4 is formed as the second elec-
trode on the electron injecting layer 35.

[0212] For example, an electrically conductive film (elec-
trode film) is formed on the substrate 1, a photoresist is
applied to the electrically conductive film, patterning is
performed by photolithography, the electrically conductive
film is etched, and the photoresist is peeled. Thus, the first
electrode can be formed.

[0213] In layering the electrically conductive film, a sput-
tering method, a CVD method, a plasma CVD method, a
printing method, or the like can be employed.

[0214] In the present embodiment, the non-translucent
electrode 21 and the light-transmitting electrode 22 are
formed as the positive electrode 2, as illustrated in FIG. 2.
[0215] The functional layers constituting the organic EL
layer 3, such as the hole injecting layer 31, the hole transport
layer 32, the first light-emitting layer 33a, the second
light-emitting layer 335, the third light-emitting layer 33c,
the electron transport layer 34, and the electron injecting
layer 35, can be formed by various types of procedures.
[0216] For example, the layers can be formed by a pub-
licly known wet process by a coating method such as a spin
coating method, a dipping method, a doctor blade method,
a discharge coating method, and a spray coating method, or
a printing method such as an inkjet method, a letterpress
printing method, an intaglio printing method, a screen
printing method, and a microgravure-coating method. In the
process, a coating liquid for formation of the organic EL
layer in which the materials for the layers are dissolved and
dispersed in a solvent is used.

[0217] The layers can be also formed by a publicly known
dry process by a resistive heating vapor deposition method,
an electron beam (EB) vapor deposition method, a molecu-
lar beam epitaxy (MBE) method, a sputtering method, an
organic vapor phase deposition (OVPD) method, or the like,
using the materials. The host material can be doped with the
dopant material by co-evaporation deposition of the dopant
material and the host material.

[0218] Alternatively, the layers can be formed by a laser
transfer method using the materials.

[0219] When the organic EL layer 3 is formed by a wet
process, the coating liquid for formation of the organic EL
layer may contain an additive for adjusting the physical
properties of the coating liquid, such as a leveling agent and
a viscosity adjusting agent.

[0220] In formation of the second electrode, a sputtering
method, a vacuum vapor deposition method, a CVD method,
a plasma CVD method, a printing method, or the like can be
employed. Patterning may be performed by photolithogra-
phy.

[0221] Hereinafter, the present embodiment will be
described in detail with reference to Examples. In the
following Examples, a part of components will be described
by using specific dimensions and materials as examples.
However, the present embodiment is not limited to the
specific dimensions and materials. That is, the present
embodiment is not limited to the following Examples.

Example 1

[0222] In Example 1, the non-translucent electrode 21, the
light-transmitting electrode 22, the hole injecting layer 31,
the hole transport layer 32, the first light-emitting layer 33a,
the second light-emitting layer 335, the third light-emitting
layer 33c, the electron transport layer 34, the electron
injecting layer 35, and the negative electrode 4 were layered
in this order on the substrate 1, as illustrated in FIG. 2.
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[0223] As the substrate 1, a glass substrate was used.
Materials for the layers layered on the substrate 1 and
thicknesses thereof are as follows.
[0224] Non-translucent electrode 21 (positive electrode 2,
reflective electrode): Ag (100 nm)

[0225] Light-transmitting 22 (positive electrode 2): ITO
(65 nm)

[0226] Hole injecting layer 31: HAT-CN (10 nm)

[0227] Hole transport layer 32: a-NPD (20 nm)

[0228] First light-emitting layer 33a (blue light-emitting

layer, light-emitting layer 33): BH1 (host material, 90%)/
BD1 (TTF material, 10%) (5 nm)

[0229] Second light-emitting layer 335 (green light-emit-
ting layer, light-emitting layer 33): BCP (host material,
50%)/PXZ-DPS (TADF material, 50%) (10 nm)

[0230] Third light-emitting layer 33¢ (red light-emitting
layer, light-emitting layer 33): BCP (host material, 90%)/
DCM (fluorescent material, 10%) (20 nm)

[0231] Electron transport layer 34: Bphen (30 nm)
[0232] Electron injecting layer 35: LiF (1 nm)
[0233] Negative electrode 4 (translucent electrode): Ag—

Mg alloy (Ag/Mg mixing ratio=0.9/0.1) (20 nm)

[0234] For the first light-emitting layer 33a, as a dopant
material (TTF material) and a host material that cause a TTF
phenomenon, a combination of delayed fluorescent materi-
als that cause TTF from the T, level of BHI that is the host
material to the S, level of BD1 that is the dopant material
(TTF material) was used. Specifically, of the combination of
the dopant material and the host material that cause a TTF
phenomenon, a host material that satisfies the conditions
described above for carrier-transporting properties (hole-
transporting property and electron-transporting property)
and energy levels (HOMO level, LUMO level, T, level, and
S, level) was selected, and a dopant material suitable for the
host material was selected.

[0235] The T, level of BH1 is lower than the T, level of
PXZ-DPS that is the dopant material (TADF material) of the
second light-emitting layer 335. The S, level of BDI1 is
higher than the T, level of BHI.

[0236] In Example 1, since the T, level of BH1 is lower
than the T, level of the TADF material, Dexter energy
transfer from the TADF material to at least one of BH1 and
BD1 occurs, and due to TTF, upconversion from the T, level
of the BH1 or the T, level of BD1 to the S, level of BDI1
occurs. In the present embodiment, BD1 having a S; level
higher than the S, level of the dopant material (TADF
material) of the second light-emitting layer 334 is made to
emit light by using delayed fluorescence due to the TTF
phenomenon, as described above.

[0237] At that time, the T, level of BD1 is higher than the
T, level of BHI. Therefore, triplet excitons of BH1 are not
transferred to BD1, triplet excitons generated in BD1 are
transferred as energy to BH1, and due to the TTF phenom-
enon, the triplet excitons collide with each other on BHI, to
generate singlet excitons. The singlet excitons generated due
to the TTF phenomenon are transferred as energy from BH1
to BDI1 that emits light, and contribute to fluorescence
emission of BD1.

[0238] As described above, in the organic EL element 10
according to this Example, the first light-emitting layer 33a
is a blue light-emitting layer, the second light-emitting layer
33 is a green light-emitting layer, and the third light-
emitting layer 33c¢ is a red light-emitting layer. Further, the
first light-emitting layer 33a contains a delayed fluorescent
material having the shortest wavelength of the fluorescent
materials used for the light-emitting layer 33, and the third
light-emitting layer 33¢ contains a fluorescent material a
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fluorescent material having the longest wavelength of the
fluorescent materials used for the light-emitting layer 33.
Moreover, the second light-emitting layer 335 contains the
TADF material, the proportion of the TADF material to be
mixed in the second light-emitting layer 335 is high, and the
thickness of the second light-emitting layer 335 is small.
[0239] Inthis Example, the host material (BH1) contained
in the first light-emitting layer 33a has a hole mobility higher
than the electron mobility, and the host material contained in
the second light-emitting layer 336 and the host material
(BCP) contained in the third light-emitting layer 33¢ have an
electron mobility higher than the hole mobility. Therefore,
for transporting properties of the host materials, the hole-
transporting property of the first light-emitting layer 33a is
high and the electron-transporting property of the second
light-emitting layer 334 and the third light-emitting layer
33c¢ is high.

[0240] In the present embodiment, the first light-emitting
layer 33a is on a side of the positive electrode 2. Therefore,
holes injected from the positive electrode 2 are accepted
from the hole transport layer 32 through the hole injecting
layer 31, and then transferred to the second light-emitting
layer 335 by the first light-emitting layer 33a.

[0241] The third light-emitting layer 33¢ is on a side of the
negative electrode 4. Therefore, electrons injected from the
negative electrode 4 are accepted from the electron transport
layer 34 through the electron injecting layer 35, and then
transferred to the second light-emitting layer 335 by the
third light-emitting layer 33c.

[0242] In the second light-emitting layer 334 positioned
between the first light-emitting layer 33a¢ and the third
light-emitting layer 33c¢, the holes transferred from the first
light-emitting layer 33a and the electrons transferred from
the third light-emitting layer 33¢ are subjected to recombi-
nation, resulting in fluorescence emission.

[0243] Since the TADF material excited in the second
light-emitting layer 335 is brought into direct contact with
the host material and the TTF material in the first light-
emitting layer 33a, a Dexter transition from the second
light-emitting layer 335 to the first light-emitting layer 33a
occurs. In the first light-emitting layer 33a, TTF occurs
between the triplet excitons of the host material and the
triplet excitons of the dopant material, the energy is trans-
ferred to the singlet excitons of the dopant, the dopant is
re-excited, and fluorescence emission from the singlet exci-
tons of the dopant occurs.

[0244] Since the thickness of the second light-emitting
layer 335 is small, Forster energy transfer from the first
light-emitting layer 334 to the third light-emitting layer 33¢
(resonance energy transfer, Forster transition) occurs. There-
fore, in the dopant of the third light-emitting layer 33c,
fluorescence emission also occurs.

[0245] The HOMO level of BH1 and the HOMO level of
BD1 are lower than the HOMO level of the host material and
the HOMO level of the dopant material in the second
light-emitting layer 335. The LUMO level of BH1 and the
LUMO level of BDI are higher than the LUMO level of the
host material and the LUMO level of the dopant material in
the second light-emitting layer 33b. Therefore, holes are
more easily injected into the second light-emitting layer 335
than the first light-emitting layer 33a, and electrons are
hardly leaked from the second light-emitting layer 335 to the
first light-emitting layer 33a.

[0246] The LUMO level of the host material and the
LUMO level of the dopant material in the second light-
emitting layer 33b are lower than the LUMO level of the
host material and the LUMO level of the dopant material in
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the third light-emitting layer 33¢. The HOMO level of the
host material and the HOMO level of the dopant material in
the second light-emitting layer 335 are higher than the
HOMO level of the host material and the HOMO level of the
dopant material in the third light-emitting layer 33¢. There-
fore, electrons are more easily injected into the second
light-emitting layer 335 than the third light-emitting layer
33¢, and holes are hardly leaked from the second light-
emitting layer 335 to the third light-emitting layer 33c.
[0247] In this Example, the TTF material that emits blue
light, the TADF material that emits green light, and the
fluorescent material that emits red light are layered in this
order. In this case, energy transfer in the order of the T, level
of the TADF material that emits green light, the T, level of
the TTF material that emits blue light, and the S, level of the
TTF material that emits blue light occurs. Therefore, not
only green light emission but also blue light emission can be
achieved. Further, energy transfer from the S, level of the
TADF material that emits green light to the S, level of the
fluorescent material that emits red light also occurs. There-
fore, red light emission can be also achieved.

[0248] Accordingly, according to this Example, a highly-
efficient white light-emitting device can be realized at low
cost.

[0249] In this Example, a case where the organic EL
element 10 of white light emission using three-color light
emission is formed is described as an example, as described
above. However, when the thickness of the positive elec-
trode 2, and more specifically, the thickness of the light-
transmitting electrode 22 (ITO) is modified to match the
wavelength of light to be enhanced, display of other color
can be also achieved.

Example 2

[0250] In Example 1, a case where the first light-emitting
layer 33a, the second light-emitting layer 335, and the third
light-emitting layer 33c¢ are formed by doping the host
material with the fluorescent material as the dopant material
is described as an example.

[0251] However, as described above, the first light-emit-
ting layer 334, the second light-emitting layer 335, and the
third light-emitting layer 33¢ may be each formed from the
host material and the dopant material (fluorescent material)
or from the dopant material alone.

[0252] In Example 2, the second light-emitting layer 335
was formed from a TADF material that is a delayed fluo-
rescent material.

[0253] Specifically, the organic EL element 10 having the
following configuration was formed. In Example 2, as
illustrated in FIG. 2, the non-translucent electrode 21, the
light-transmitting electrode 22, the hole injecting layer 31,
the hole transport layer 32, the first light-emitting layer 334,
the second light-emitting layer 335, the third light-emitting
layer 33c, the electron transport layer 34, the electron
injecting layer 35, and the negative electrode 4 were layered
on the substrate 1 in this order from the substrate 1 side, like
Example 1.

[0254] As the substrate 1, a glass substrate was used.
Materials for the layers layered on the substrate 1 and
thicknesses thereof are as follows.

[0255] Non-translucent electrode 21 (positive electrode 2,
reflective electrode): Ag (100 nm)

[0256] Light-transmitting electrode 22 (positive electrode
2): ITO (65 nm)

[0257] Hole injecting layer 31: HAT-CN (10 nm)

[0258] Hole transport layer 32: a-NPD (20 nm)
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[0259] First light-emitting layer 33a (blue light-emitting
layer, light-emitting layer 33): BH1 (host material, 90%)/
BD1 (TTF material, 10%) (5 nm)

[0260] Second light-emitting layer 335 (green light-emit-
ting layer, light-emitting layer 33): PXZ-DPS (TADF mate-
rial, 10 nm)

[0261] Third light-emitting layer 33¢ (red light-emitting
layer, light-emitting layer 33): BCP (host material, 90%)/
DCM (fluorescent material, 10%) (20 nm)

[0262] Electron transport layer 34: Bphen (30 nm)
[0263] Electron injecting layer 35: LiF (1 nm)
[0264] Negative electrode 4: Ag—Mg alloy (Ag/Mg mix-

ing ratio=0.9/0.1) (20 nm)

[0265] The organic EL element 10 in Example 2 is the
same as the organic EL element 10 in Example 1 except that
the second light-emitting layer 334 is a single film of a
TADF material that is the dopant material.

[0266] Therefore, according to Example 2, the same
effects as those in Example 1 can be obtained. In addition,
since 100% or substantially 100% of the second light-
emitting layer 335 is a single film of the TADF material, a
decrease in efficiency of light emission generated by exci-
tation of excitons by the host material and deactivation can
be prevented.

Second Embodiment

[0267] Another embodiment of the disclosure will be
described as follows, with reference to FIG. 3.

[0268] The present embodiment will be described about
differences between the present embodiment and the first
embodiment, and components having the same functions as
those of the components described in the first embodiment
are appended with the same reference signs, and the descrip-
tion thereof is omitted. Obviously, the same modifications as
those of the first embodiment may also be applied to the
present embodiment.

[0269] FIG. 3 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to the present embodiment. In the present embodi-
ment, the organic EL element 10 will be described as an
example of the light-emitting element according to the
present embodiment.

[0270] As illustrated in FIG. 3, the organic EL element 10
according to the present embodiment includes the positive
electrode 2 (first electrode), the organic EL layer 3, and the
negative electrode 4 (second electrode) that are layered on
the substrate 1 in this order, like the organic EL element 10
according to the first embodiment.

[0271] The organic EL element 10 according to the present
embodiment is a bottom-emitting organic EL element, in
which light emitted from the light-emitting layer 33 of the
organic EL layer 3 is extracted as white light from the
substrate 1 side.

[0272] In the organic EL element 10 that is the bottom-
emitting organic EL element, an insulating substrate having
a light-transmitting property, which is called transparent
substrate or light-transmitting substrate, such as a glass
substrate and a plastic substrate, is used as the substrate 1.

[0273] In the organic EL element 10 that is the bottom-
emitting organic EL element, it is preferable that the positive
electrode 2 be formed of the light-transmitting electrode 22
formed from a light-transmitting electrode material and the
negative electrode 4 be formed from a non-translucent
electrode material such as a reflective metal electrode mate-
rial.
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[0274] As the light-transmitting electrode material and the
non-translucent electrode material, for example, the mate-
rials exemplified in the first embodiment can be used.

[0275] The organic EL element 10 according to the present
embodiment is the same as the organic EL. element 10
according to the first embodiment except that the bottom-
emitting organic EL element is employed, the positive
electrode 2 is the light-transmitting electrode 22, and the
negative electrode 4 is formed from the non-translucent
electrode material.

[0276] Hereinafter, the configuration of the organic EL
element 10 according to the present embodiment will be
described by using Example. In the following Example, a
part of components will be described by using specific
dimensions and materials as examples. However, the present
embodiment is not also limited to the following Examples.

Example 3

[0277] In Example 3, the light-transmitting electrode 22,
the hole injecting layer 31, the hole transport layer 32, the
first light-emitting layer 33a, the second light-emitting layer
335, the third light-emitting layer 33¢, the electron transport
layer 34, the electron injecting layer 35, and the negative
electrode 4 were layered in this order on the substrate 1, as
illustrated in FIG. 3.

[0278] As the substrate 1, a glass substrate was used.
Materials for the layers layered on the substrate 1 and
thicknesses thereof are as follows.

[0279] Light-transmitting electrode 22 (positive electrode
2): ITO (100 nm)

[0280] Hole injecting layer 31: HAT-CN (10 nm)
[0281] Hole transport layer 32: a-NPD (20 nm)
[0282] First light-emitting layer 33a (blue light-emitting

layer, light-emitting layer 33): BH1 (host material, 90%)/
BD1 (TTF material, 10%) (5 nm)

[0283] Second light-emitting layer 336 (green light-emit-
ting layer, light-emitting layer 33): BCP (host material,
50%)/PXZ-DPS (TADF material, 50%) (10 nm)

[0284] Third light-emitting layer 33¢ (red light-emitting
layer, light-emitting layer 33): BCP (host material, 90%)/
DCM (fluorescent material, 10%) (20 nm)

[0285] Electron transport layer 34: Bphen (30 nm)
[0286] Electron injecting layer 35: LiF (1 nm)

[0287] Negative electrode 4 (reflective electrode): Al (100
nm)

[0288] The organic EL element 10 in Example 3 is the

same as the organic EL element 10 in Example 1 except that
the materials for the positive electrode 2 and the negative
electrode 4 and thicknesses thereof are changed.

[0289] In Example 1, the light emitted from the light-
emitting layer 33 is extracted as white light from the
negative electrode 4 side directly or after reflection by the
non-translucent electrode 21 that is a reflective electrode. In
Example 3, the light emitted from the light-emitting layer 33
is extracted as white light from the substrate 1 side (that is,
the positive electrode 2 side) directly or after reflection by
the negative electrode 4 that is the reflective electrode.
According to Example 3, the same effects as those in
Example 1 can be obtained.

[0290] As described above, according to the present
embodiment, the bottom-emitting organic EL element 10
having the same effects as those in the first embodiment can
be provided.
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Third Embodiment

[0291] Yet another embodiment of the disclosure will be
described as follows, with reference to FIGS. 4 and 5.
[0292] The present embodiment will be described about
differences between the present embodiment and the first
embodiment, and components having the same functions as
those of the components described in the first embodiment
are appended with the same reference signs, and the descrip-
tion thereof is omitted. Obviously, the same modifications as
those of the first embodiment may also be applied to the
present embodiment.

[0293] FIGS. 4 and 5 are each a cross-sectional view of an
example of a schematic configuration of a light-emitting
element according to the present embodiment and a main
portion of an electronic device provided with the light-
emitting element.

[0294] The light-emitting element according to the disclo-
sure can be developed for display applications. Hereinafter,
an organic EL display device 100 provided with the organic
EL element 10, as illustrated in FIGS. 4 and 5, will be
described as an example of an electronic device provide with
the light-emitting element according to the disclosure.
[0295] As illustrated in FIG. 5, in the organic EL display
device 100 provided with the organic EL element 10, a
signal line 11 and a TFT 12 are provided on the substrate 1
to correspond to each of pixels 100R, 100G, and 100B.
[0296] An interlayer insulating film 13 is layered as a
flattened film on the substrate 1 over the whole region of the
substrate 1 to cover the signal line 11 and the TFT 12.
[0297] For example, the signal line 11 includes a plurality
of gate lines of selecting a pixel, a plurality of source lines
of writing datum, a plurality of power source lines of
supplying electric power to the organic EL element 10, and
the like.

[0298] The signal line 11 is connected to an external
circuit not illustrated. When an electrical signal is input in
the signal line 11 from the external circuit, the organic EL
element 10 can be driven (can be made to emit light).
[0299] When the organic EL display device 100 is an
active matrix display device, at least one TFT 12 is disposed
in each of the pixels 100R, 100G, and 100B. In each of the
pixels 100R, 100G, and 100B, a capacitor configured to
retain a writing voltage, a compensation circuit configured
to compensate variation of properties of the TFT 12, and the
like may be formed.

[0300] For the interlayer insulating film 13, a known
photosensitive resin can be used. As the photosensitive resin,
for example, an acrylic resin or a polyimide resin can be
used.

[0301] In the interlayer insulating film 13, a contact hole
13a for electrically connecting the positive electrode 2 in the
organic EL element 10 to the TFT 12 is provided.

[0302] An end portion of the positive electrode 2 is
covered with an edge cover 15. The edge cover 15 is an
insulating film, and for example, includes a photosensitive
resin. The edge cover 15 prevents short circuit with the
negative electrode 4 due to concentration of the electrodes or
a decrease in thickness of the organic EL layer 3, at the end
portion of the positive electrode 2. The edge cover 15
functions as a pixel separation film so as not to leak a current
to the adjacent pixels 100R, 100G, and 100B.

[0303] An opening 154 is provided in the edge cover 15 at
each of the pixels 100R, 100G and 100B. An exposed area
of the positive electrode 2 due to the opening 154 is a
light-emitting region 30 of each of the pixels 100R, 100G
and 100B.
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[0304] In the organic EL layer 3, the hole injecting layer
31, the hole transport layer 32, the light-emitting layer 33,
the electron transport layer 34, and the electron injecting
layer 35 are provided, as described above.

[0305] The organic EL display device 100 illustrated in
FIGS. 4 and 5 is provided with the organic EL element 10
that emits white light as a light-emitting element. In the
organic EL, display device 100, the organic EL layer 3
containing the light-emitting layer 33 is provided continu-
ously over a plurality of pixels 100R, 100G, and 100B (i.e.,
over the whole of the pixels).

[0306] The organic EL display device 100 is provided with
a sealing body 5 (sealing member) that is bonded so as to be
opposite to the substrate 1, as illustrated in FIG. 5. As the
sealing body 5, for example, a sealing substrate formed from
an insulating substrate such as a glass substrate and a plastic
substrate is used.

[0307] A sealing material not illustrated in the drawings is
provided between the substrate 1 and the sealing body 5 so
as to surround a display region. For example, a region
surrounded by the substrate 1, the sealing body 5, and the
sealing material is filled with a filling material 6.

[0308] On a surface of the sealing body 5. for example, a
CF 51R is provided as a CF that transmits red light so as to
correspond to the pixel 100R configured to display red color,
and a CF 51G is provided as CF that transmits green light so
as to correspond to the pixel 100G configured to display
green color. A CF 51B is provided as a CF that transmits blue
light so as to correspond to the pixel 100B configured to
display blue color. A black matrix (BM) 52 is provided
between CFs S1R. 51G, and 51B. The BM 52 prevents entry
of light from the external to each gap between the CFs 51R,
51G, and 51B and leakage of light from each gap between
the CFs 51R, 51G, and 51B.

[0309] When the CFs 51R, 51G, and 51B of red (R), green
(G), and blue (B) are used as described above, white light
can be modulated into light of red, green, or blue color to be
emitted from the pixel 100R, 100G or 100B. Therefore, even
when the organic EL element 10 of each of the pixels 100R,
100G, and 100B emits white light, color display can be
achieved.

[0310] When monochromatic light emission is used or the
organic EL element 10 of each of the pixels 100R, 100G and
100B displays a desired color including red, green, and blue,
the CF can be omitted. When the organic EL element 10 that
displays a desired color and the CF are used in combination,
hue shift due to improvement in color purity of each color
or change in viewing angle may be suppressed.

[0311] In the present embodiment, a case where for
example, the sealing substrate is used as the sealing body 5
is described as an example. The present embodiment is not
limited to the case. The sealing body 5 may be a sealing
layer including an organic insulating layer, an inorganic
insulating layer, and the like.

[0312] In a case where the organic EL element 10 is
developed for display applications, as described above, the
organic EL element 10 of white light emission and a color
filter (CF) layer are combined to select a color of emitted
light in each pixel. Thus, full color image display can be
achieved.

[0313] When the thickness of the positive electrode 2 is
changed, as described in the first embodiment, the organic
EL element 10 can display a color other than white. When
a microcavity structure (optical microresonator structure)
that express a microcavity effect is introduced into each of
the pixels 100R, 100G, and 100B, full color image display
can be achieved.
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[0314] The microcavity effect is a phenomenon where
emitted light is multiply reflected between the positive
electrode 2 and the negative electrode 4 and resonated to
make the emission spectrum steep and the emission intensity
of peak wavelength is amplified.

[0315] The distance between a reflective electrode consti-
tuting a pair of electrodes (i.e., the positive electrode 2 and
the negative electrode 4) sandwiching the functional layer
containing the light-emitting layer 33 and a translucent
electrode used as a light-transmitting electrode is set to
match the wavelength of light to be enhanced. Thus, the
microcavity effect can be obtained. Of light emitted by the
light-emitting layer 33, a light component in which the
wavelength shifts is multiply reflected between the reflective
electrode and the translucent electrode many times, and
resonated. As a result, the light component of which the
wavelength is enhanced to a desired wavelength is emitted.
When the microcavity structure is introduced into each of
the pixels 100R, 100G, and 100B for each color of emitted
light, the optical path length of the organic EL element 10 in
each of the pixels 100R, 100G, and 100B is changed. Thus,
full color image display can be achieved.

[0316] In a case of the organic EL element 10 having the
microcavity structure, the light emission intensity from the
organic EL element 10 and the color purity are improved as
compared with an organic EL element having no microcav-
ity structure. Therefore, the light-emitting efficiency can be
enhanced.

[0317] When the microcavity structure is introduced into
each of the pixels 100R, 100G, and 100B, the spectrum of
light emitted from the organic EL element 10 can be adjusted
by using the CF.

[0318] Examples of a method for changing the optical path
length of the organic EL element 10 in each of the pixels
100R, 100G, and 100B for each color of emitted light
include a method for layering the organic EL layer 3
containing the light-emitting layer 33 and the transparent
electrode between the reflective electrode and the translu-
cent electrode. In a case of the top-emitting organic EL
element 10, examples of the method include a method in
which the positive electrode 2 has a layered structure of the
non-translucent electrode 21 including a reflective electrode
and the light-transmitting electrode 22 including a transpar-
ent electrode and the thickness of the light-transmitting
electrode 22 on the non-translucent electrode 21 in the
positive electrode 2 is changed for each pixel, as illustrated
in FIG. 4.

[0319] In a case of the top-emitting organic EL element
10, the positive electrode 2 has a layered structure of the
non-translucent electrode 21 including a reflective electrode
and the light-transmitting electrode 22 including a transpar-
ent electrode, the thickness of the light-transmitting elec-
trode 22 is set by patterning each of the pixels 100R, 100G,
and 100B such that the spectrum of each color is enhanced
due to the microcavity structure, and for example, a trans-
lucent silver thin film or the like is used for the negative
electrode 4 as the translucent electrode. Thus, the microcav-
ity structure can be introduced into the organic EL element
10.

[0320] Hereinafter, a case where the microcavity structure
is introduced into each of the pixels 100R, 100G, and 100B,
the CF is used in combination, and full color image display
can be achieved is described as an example. The configu-
ration of the organic EL element 10 used in the organic EL
display device 100 according to the present embodiment is
described specifically by using Example. In the following
Example, a part of components will be described by using
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specific dimensions and materials as examples. However,
the present embodiment is not also limited to the following
Example.

Example 4

[0321] In Example 4, the non-translucent electrode 21, the
light-transmitting electrode 22, the hole injecting layer 31,
the hole transport layer 32, the first light-emitting layer 33a,
the second light-emitting layer 335, the third light-emitting
layer 33c, the electron transport layer 34, the electron
injecting layer 35, and the negative electrode 4 are layered
in this order on the substrate 1, as illustrated in FIG. 4.
[0322] As the substrate 1, a glass substrate is used. Mate-
rials for the layers layered on the substrate 1 and thicknesses
thereof are as follows.

[0323] Non-translucent electrode 21 (positive electrode 2,
reflective electrode): Ag (100 nm)

[0324] Light-transmitting electrode 22 (positive electrode
2): ITO (pixel 100R: 30 nm, pixel 100G: 120 nm, pixel
100B: 80 nm)

[0325] Hole injecting layer 31: HAT-CN (10 nm)
[0326] Hole transport layer 32: a-NPD (20 nm)
[0327] First light-emitting layer 33a (blue light-emitting

layer, light-emitting layer 33): BH1 (host material, 90%)/
BD1 (TTF material, 10%) (5 nm)

[0328] Second light-emitting layer 335 (green light-emit-
ting layer, light-emitting layer 33): BCP (host material,
50%)/PXZ-DPS (TADF material, 50%) (10 nm)

[0329] Third light-emitting layer 33¢ (red light-emitting
layer, light-emitting layer 33): BCP (host material, 90%)/
DCM (fluorescent material, 10%) (20 nm)

[0330] Electron transport layer 34: Bphen (30 nm)
[0331] Electron injecting layer 35: LiF (1 nm)
[0332] Negative electrode 4 (translucent electrode): Ag—

Mg alloy (Ag/Mg mixing ratio=0.9/0.1) (20 nm)

[0333] The organic EL element 10 in Example 4 is the
same as the organic EL element 10 in Example 1 except that
the thickness of the light-transmitting electrode 22 in the
positive electrode 2 at each of the pixels 100R, 100G, and
100B is changed.

[0334] Therefore, according to Example 4, the same
effects as those in Example 1 can be obtained, and the
microcavity structure can be introduced into each of the
pixels 100R, 100G and 100B.

Fourth Embodiment

[0335] Further another embodiment of the disclosure will
be described as follows, with reference to FIG. 6.

[0336] The present embodiment will be described about
differences between the present embodiment and the first to
third embodiments. Components having the same functions
as those of the components described in the first embodi-
ment are appended with the same reference signs, and the
description thereof is omitted.

[0337] FIG. 6 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to the present embodiment. In the present embodi-
ment, the organic EL element 10 will be described as an
example of the light-emitting element according to the
present embodiment.

[0338] In the organic EL element 10 according to the
present embodiment, the first light-emitting layer 33a (first
light-emitting layer), the second light-emitting layer 335
(second light-emitting layer), and the third light-emitting
layer 33c¢ (third light-emitting layer) are layered between the
first electrode and the second electrode in this order from the
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first electrode side. In first to third embodiments, the first
electrode is the positive electrode 2, and in the present
embodiment, the first electrode is the negative electrode 4.
Therefore, the organic EL element 10 according to the
present embodiment is different from the organic EL ele-
ment 10 according to each of the first to third embodiments.
[0339] Hereinafter, the organic EL element 10 according
to the present embodiment will be described in detail as an
example of the organic EL element 10 illustrated in FIG. 6.
[0340] As illustrated in FIG. 6, the organic EL element 10
according to the present embodiment has a configuration in
which the organic EL layer 3 (organic layer or functional
layer) including the first light-emitting layer 334, the second
light-emitting layer 334, and the third light-emitting layer
33¢ in this order from the negative electrode 4 side is
provided between the positive electrode 2 (second electrode)
and the negative electrode 4 (first electrode).

[0341] In the present embodiment, for example, the hole
injecting layer 31 and the hole transport layer 32 may be
provided as the organic EL layer 3 other than the light-
emitting layer 33 between the positive electrode 2 and the
light-emitting layer 33, or the electron transport layer 34 and
the electron injecting layer 35 may be provided between the
negative electrode 4 and the light-emitting layer 33.

[0342] Therefore, the organic EL element 10 according to
the present embodiment has a configuration in which the
positive electrode 2, the hole injecting layer 31, the hole
transport layer 32, the third light-emitting layer 33c¢, the
second light-emitting layer 335, the first light-emitting layer
33a, the electron transport layer 34, the electron injecting
layer 35, and the negative electrode 4 are layered on the
substrate 1 in this order.

[0343] In this case, the first light-emitting layer 33a con-
taining a delayed fluorescent material having the shortest
wavelength in the organic EL element 10 may be on the
negative electrode 4 side, and the third light-emitting layer
33¢ containing a fluorescent material having the longest
wavelength may be on the positive electrode 2 side.

[0344] In a case where the layering order of the first
light-emitting layer 33a, the second light-emitting layer 335,
and the third light-emitting layer 33¢ is reversed, as
described above, there are advantages in which a decrease in
light-emitting efficiency due to absorption of light emitted
from the first light-emitting layer 33¢ into the host material
in the third light-emitting layer 33¢ can be avoided.

[0345] The mobility may not necessarily satisfy the con-
dition depending on suitable selection of the host material.
It is considered that the layering order is reversed for
solution.

[0346] In the present embodiment, it is preferable that the
first light-emitting layer 33« have high electron-transporting
property and the second light-emitting layer 335 and the
third light-emitting layer 33¢ have high hole-transporting
property.

[0347] Therefore, it is preferable that the first light-emit-
ting layer 33a contain a material having high electron-
transporting property (i.e., material in which the electron
mobility is higher than the hole mobility) and the second
light-emitting layer 335 and the third light-emitting layer
33c¢ contain a material having high hole-transporting prop-
erty (i.e., material in which the hole mobility is higher than
the electron mobility).

[0348] Accordingly, when the first light-emitting layer 33a
contains the host material, it is desirable that as the host
material, the material in which the hole mobility is higher
than the electron mobility be used.
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[0349] As the host material in the second light-emitting
layer 33b and the third light-emitting layer 33¢, the host
material having high hole-transporting property in which the
hole mobility is higher than the electron mobility is prefer-
ably used. As the host material, for example, a hole-trans-
porting material such as 1,3-bis(carbazol-9-yl)benzene
(mCP) is preferably used.

[0350] Electrons are efficiently injected or transported
from the negative electrode 4 to the first light-emitting layer
33a, and holes are efficiently injected or transported from the
positive electrode 2 to the second light-emitting layer 335
through the third light-emitting layer 33¢. As a result,
recombination of carriers is likely to occur in the vicinity of
interface between the first light-emitting layer 33a and the
second light-emitting layer 33b. Therefore, a Dexter transi-
tion from the TADF material in the second light-emitting
layer 335 to the TTF material in the first light-emitting layer
33a is likely to occur. The Dexter transition occurs due to
direct contact. However, a Forster transition from the S,
level of the TADF material to the S, level of the fluorescent
material occurs when the materials are within a constant
distance without direct contact. Therefore, this configuration
makes it possible to emit lights of three colors with effi-
ciency.

[0351] Hereinafter, the configuration of the organic EL
element 10 according to the present embodiment will be
described by using Example. In the following Example, a
part of components will be described by using specific
dimensions and materials as examples. However, the present
embodiment is not also limited to the following Example.

Example 5

[0352] In Example 5, the non-translucent electrode 21, the
light-transmitting electrode 22, the hole injecting layer 31,
the hole transport layer 32, the third light-emitting layer 33c,
the second light-emitting layer 335, the first light-emitting
layer 33a, the electron transport layer 34, the electron
injecting layer 35, and the negative electrode 4 are layered
on the substrate 1 in this order from the substrate 1 side, as
illustrated in FIG. 6.

[0353] As the substrate 1, a glass substrate is used. Mate-
rials for the layers layered on the substrate 1 and thicknesses
thereof are as follows.

[0354] Non-translucent electrode 21 (positive electrode 2,
reflective electrode): Ag (100 nm)

[0355] Light-transmitting 22 (positive electrode 2): ITO
(65 nm)

[0356] Hole injecting layer 31: HAT-CN (10 nm)

[0357] Hole transport layer 32: a-NPD (20 nm)

[0358] Third light-emitting layer 33¢ (red light-emitting

layer, light-emitting layer 33): mCP (host material, 90%)/
DCM (fluorescent material, 10%) (20 nm)

[0359] Second light-emitting layer 334 (green light-emit-
ting layer, light-emitting layer 33): mCP (host material,
50%)/PXZ-DPS (TADF material, 50%) (10 nm)

[0360] First light-emitting layer 33a (blue light-emitting
layer, light-emitting layer 33): BH2 (host material, 90%)/
BD2 (TTF material, 10%) (5 nm)

[0361] Electron transport layer 34: Bphen (30 nm)
[0362] Electron injecting layer 35: LiF (1 nm)
[0363] Negative electrode 4 (translucent electrode): Ag—

Mg alloy (Ag/Mg mixing ratio=0.9/0.1) (20 nm)

[0364] The organic EL element 10 in Example 5 is the
same as the organic EL element 10 in Example 1 except that
the materials in the first light-emitting layer 33a, the second
light-emitting layer 335, and the third light-emitting layer
33c¢ are changed and the layering order is changed.
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[0365] For the first light-emitting layer 33a, as a TTF
material and a host material, delayed fluorescent materials
that cause TTF from the T, level of BH2 that is the host
material to the S, level of BD2 that is the dopant material
(TTF material) are used in combination. Of the combination
of the dopant material and the host material that cause a TTF
phenomenon, a host material that satisfies the conditions
described above for carrier-transporting properties and
energy levels is selected, and a dopant material suitable for
the host material is selected.

[0366] The T, level of BH2 is lower than the T, level of
PXZ-DPS that is the dopant material (TADF material) of the
second light-emitting layer 335. The S, level of BD2 is
higher than the T, level of BH2.

[0367] In Example 5, since the T, level of BH2 is lower
than the T, level of the TADF material, Dexter energy
transfer from the TADF material to at least one of BH2 and
BD2 occurs, and due to TTF, upconversion from the T, level
of the BH2 or the T, level of BD2 to the S, level of BD2
occurs. In the present embodiment, BD2 having a S, level
higher than the S, level of the dopant material (TADF
material) of the second light-emitting layer 335 is made to
emit light by using delayed fluorescence due to the TTF
phenomenon, as described above.

[0368] At that time, the T, level of BD2 is higher than the
T, level of BH2. Therefore, triplet excitons of BH2 are not
transferred to BD2, triplet excitons generated in BD2 are
transferred as energy to BH2, and due to the TTF phenom-
enon, the triplet excitons collide with each other on BH2
with efliciency, to generate singlet excitons. The singlet
excitons generated due to the TTF phenomenon are trans-
ferred as energy from BH2 to BD2 that emits light, and
contribute to fluorescence emission of BD2.

[0369] The host material (BH2) contained in the first
light-emitting layer 33q in this Example has an electron
mobility higher than the hole mobility, and the host material
contained in the second light-emitting layer 335 and the host
material (mCP) contained in the third light-emitting layer
33c¢ have a hole mobility higher than the electron mobility.
Therefore, for transporting properties of the host materials,
the first light-emitting layer 33a has high electron-transport-
ing property and the second light-emitting layer 334 and the
third light-emitting layer 33¢ have high hole-transporting
property.

[0370] The LUMO Level of BH2 and the LUMO level of
BD2 are higher than the LUMO level of the host material
and the LUMO level of the dopant material in the second
light-emitting layer 33b. The HOMO level of BH2 and the
HOMO level of BD2 are lower than the HOMO level of the
host material and the HOMO level of the dopant material in
the second light-emitting layer 335. Therefore, electrons are
more easily injected into the second light-emitting layer 335
than the first light-emitting layer 33a, and electrons are
hardly leaked from the second light-emitting layer 335 to the
first light-emitting layer 33a.

[0371] The HOMO level of the host material and the
HOMO level of the dopant material in the second light-
emitting layer 335 are higher than the HOMO level of the
host material and the HOMO level of the dopant material in
the third light-emitting layer 33¢. The LUMO level of the
host material and the LUMO level of the dopant material in
the second light-emitting layer 33b are lower than the
LUMO level of the host material and the LUMO level of the
dopant material in the third light-emitting layer 33¢. There-
fore, holes are more easily injected into the second light-
emitting layer 335 than the third light-emitting layer 33c,
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and holes are hardly leaked from the second light-emitting
layer 335 to the third light-emitting layer 33c.

[0372] InExample 5, each layer in the light-emitting layer
33 can be made to emit light with efficiency, like Example
L.

Fifth Embodiment

[0373] Still another embodiment of the disclosure will be
described as follows, with reference to FIGS. 7 and 8.
[0374] The present embodiment will be described about
differences between the present embodiment and the first to
fourth embodiments by using differences between the pres-
ent embodiment and the first embodiment. Obviously, the
same modifications as those of the first to fourth embodi-
ments may be also applied to the present embodiment.
Components having the same functions as those of the
components described in the first to fourth embodiments are
appended with the same reference signs, and the description
thereof is omitted.

[0375] FIG. 7 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to the present embodiment. FIG. 8 is a view
illustrating an energy diagram of each of layers between
which the first light-emitting layer (first light-emitting layer
33a) is provided in the light-emitting element according to
the present embodiment. In the present embodiment, the
organic EL element 10 will be described as an example of
the light-emitting element according to the present embodi-
ment.

[0376] As described above, a Dexter transition occurs only
between adjacent molecules. Therefore, as the thickness of
the first light-emitting layer 33a is larger, the light-emitting
efficiency is decreased. Accordingly, the thickness of the
first light-emitting layer 33a is preferably not greater than 5
nm, and more preferably less than 5 nm.

[0377] When the first light-emitting layer 33« is a layer in
which the content of the TTF material is high and the
thickness is extremely small, a Dexter transition from the T,
level of the TADF material in the second light-emitting layer
33b to the T, level of the TTF material in the first light-
emitting layer 33« is likely to occur, and light emission can
be more efficiently achieved in the first light-emitting layer
33a.

[0378] It is desirable that the content of the TTF material
in the first light-emitting layer 33¢ be greater than 50%. It
is more desirable that the first light-emitting layer 33a be
formed from the dopant material alone.

[0379] When the TTF material used in the first light-
emitting layer 33a is a delayed fluorescent material that may
cause a TTF phenomenon alone, use of a dopant film that is
very thin for the first light-emitting layer 33a, as illustrated
in FIG. 7, can transfer excitation energy directly from the
TADF material in the second light-emitting layer 335 to the
TTF material (dopant material) in the first light-emitting
layer 33a due to the Dexter transition. When the first
light-emitting layer 33a is formed from the dopant material
alone, a combination of the host material and the dopant
material does not need to be considered. Further, loss during
transfer of excitation energy between the host material and
the dopant material can be decreased.

[0380] However, when the thickness of the first light-
emitting layer 33¢ is very small (e.g., approximately 1 nm)
such that the layer is not uniformly formed, the first light-
emitting layer 33a may not exist locally, and a functional
layer layered on a side opposite to the second light-emitting
layer 336 with the first light-emitting layer 33a interposed
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between the functional layer and the second light-emitting
layer 335 may be in direct contact with the second light-
emitting layer 335.

[0381] For example, in a case of the first light-emitting
layer 33a that is a thin dopant film having an average
thickness of approximately 0.5 nm, a film having a thickness
greater than the thickness that is targeted to a monomolecu-
lar size (e.g., in a case of film formation by vapor deposition,
a film is formed by vapor deposition in a very short time, or
in a case of film formation by coating, a film is formed by
using a solution of extremely low concentration) is formed.
In this case, each molecule of the TTF material is disposed
in an island shape. As a result, the first light-emitting layer
33a is also formed in an island shape, as illustrated in FIG.
8.

[0382] In a case of the first light-emitting layer 33a that
has an island shape and is thin, it is necessary that carriers
be trapped by an interface between the second light-emitting
layer 336 and the first light-emitting layer 33a or by an
interface between the second light-emitting layer 334 and a
functional layer layered on the first light-emitting layer 33a
on a side opposite to the second light-emitting layer 335 with
the first light-emitting layer 33a interposed between the
second light-emitting layer 336 and the functional layer,
such that the carriers are not leaked to the first light-emitting
layer 33a or a side of the functional layer layered on the side
to opposite to the second light-emitting layer 335 with the
first light-emitting layer 33a interposed between the func-
tional layer and the second light-emitting layer 334.

[0383] In the present embodiment, not only a relationship
between the HOMO level and LUMO level of a material that
1s contained in the first light-emitting layer 33a at least at the
highest mixing ratio and the HOMO level and LUMO level
of a material that is contained in the second light-emitting
layer 335 at least at the highest mixing ratio, but also a
relationship between the HOMO level and LUMO level of
the material that is contained in the second light-emitting
layer 335 at least at the highest mixing ratio and the HOMO
level and LUMO level of a material that is contained in the
functional layer layered on the first light-emitting layer 33a
on the side opposite to the second light-emitting layer 335
with the first light-emitting layer 33a interposed between the
second light-emitting layer 334 and the functional layer are
important.

[0384] Therefore, in a case of the examples illustrated in
FIGS. 7 and 8, a relationship between the HOMO level and
LUMO level of the material in the hole transport layer 32
and the HOMO level and LUMO level of the host material
in the second light-emitting layer 335 is important for
prevention of leakage of carriers to the hole transport layer
32 side.

[0385] When the first light-emitting layer 33a is an
extremely thin dopant film having an average thickness of
approximately 0.5 nm, as described above, the material
contained in the first light-emitting layer 33a at the highest
mixing ratio is a TTF material.

[0386] Therefore, in the present embodiment, it is desir-
able that the HOMO level of the TTF material in the first
light-emitting layer 33a be lower than the HOMO level of
the material contained in the second light-emitting layer 335
at least at the highest mixing ratio (e.g., When the second
light-emitting layer 334 contains the host material, the
material is the host material or the host material and the
dopant material, when the second light-emitting layer 335 is
formed from the dopant material alone, the material is the
TADF material). It is desirable that the LUMO level of the
TTF material in the first light-emitting layer 33a be higher

Oct. 24, 2019

than the LUMO level of the material contained in the second
light-emitting layer 335 at least at the highest mixing ratio.

[0387] When the HOMO level of the TTF material in the
first light-emitting layer 33a is lower than the HOMO level
of the material contained in the second light-emitting layer
33b at least at the highest mixing ratio, holes are hardly
leaked to the first light-emitting layer 33a side in a region
adjacent to the first light-emitting layer 334 and the second
light-emitting layer 334. Carrier can be trapped by the
interface between the first light-emitting layer 33a and the
second light-emitting layer 335.

[0388] When the LUMO level of the TTF material in the
first light-emitting layer 33a is higher than the LUMO level
of the material contained in the second light-emitting layer
33b at least at the highest mixing ratio, electrons are hardly
leaked to the first light-emitting layer 33a side in a region
adjacent to the first light-emitting layer 334 and the second
light-emitting layer 33b. Carrier can be trapped by the
interface between the first light-emitting layer 33a and the
second light-emitting layer 335.

[0389] In the present embodiment, it is desirable that the
HOMO level of a material contained in a layer layered on
the first light-emitting layer 33a on the side opposite to the
second light-emitting layer 335 with the first light-emitting
layer 33a interposed between the second light-emitting layer
336 and the layer (e.g., the hole transport layer 32) be lower
than the HOMO level of the material contained in the second
light-emitting layer 335 at least at the highest mixing ratio,
as illustrated in FIG. 8.

[0390] When the layer layered on the first light-emitting
layer 33a on the side opposite to the second light-emitting
layer 336 with the first light-emitting layer 33a interposed
between the second light-emitting layer 335 and the layer is,
for example, the hole transport layer 32, the first light-
emitting layer 334 has an island shape, and holes are hardly
leaked from the second light-emitting layer 335 to the hole
transport layer 32 in a region where the second light-
emitting layer 335 is in contact with the hole transport layer
32. Carriers can be trapped by an interface between the
second light-emitting layer 3356 and the hole transport layer
32.

[0391] As illustrated in FIG. 8, it is desirable that the
LUMO level of the material contained in the layer layered
on the first light-emitting layer 33a on the side opposite to
the second light-emitting layer 335 with the first light-
emitting layer 33a interposed between the second light-
emitting layer 330 and the layer (e.g., the hole transport
layer 32) be higher than the LUMO level of the material
contained in the second light-emitting layer 334 at least at
the highest mixing ratio.

[0392] When the layer layered on the first light-emitting
layer 33a on the side opposite to the second light-emitting
layer 336 with the first light-emitting layer 33«4 interposed
between the second light-emitting layer 335 and the layer is,
for example, the hole transport layer 32, the first light-
emitting layer 33a has an island shape, and electrons are
hardly leaked from the second light-emitting layer 335 to the
hole transport layer 32 in the region where the second
light-emitting layer 335 is in contact with the hole transport
layer 32. Carriers can be trapped by an interface between the
second light-emitting layer 335 and the hole transport layer
32.

[0393] Hereinafter, the configuration of the organic EL
element 10 according to the present embodiment will be
described by using Example. In the following Example, a
part of components will be described by using specific
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dimensions and materials as examples. However, the present
embodiment is not also limited to the following Examples.

Example 6

[0394] In Example 6, the non-translucent electrode 21, the
light-transmitting electrode 22, the hole injecting layer 31,
the hole transport layer 32, the third light-emitting layer 33c,
the second light-emitting layer 335, the first light-emitting
layer 33a, the electron transport layer 34, the electron
injecting layer 35, and the negative electrode 4 are layered
on the substrate 1 in this order from the substrate 1 side, as
illustrated in FIG. 7.

[0395] As the substrate 1, a glass substrate is used. Mate-
rials for the layers layered on the substrate 1 and thicknesses
thereof are as follows.

[0396] Non-translucent electrode 21 (positive electrode 2,
reflective electrode): Ag (100 nm)

[0397] Light-transmitting 22 (positive electrode 2): ITO
(65 nm)

[0398] Hole injecting layer 31: HAT-CN (10 nm)

[0399] Hole transport layer 32: a-NPD (20 nm)

[0400] First light-emitting layer 33a (blue light-emitting

layer, light-emitting layer 33): BD3 (TTF material, 0.5 nm)
[0401] Second light-emitting layer 335 (green light-emit-
ting layer, light-emitting layer 33): BCP (host material,
50%)/PXZ-DPS (TADF material, 50%) (10 nm)

[0402] Third light-emitting layer 33¢ (red light-emitting
layer, light-emitting layer 33): BCP (host material, 90%)/
DCM (fluorescent material, 10%) (20 nm)

[0403] Electron transport layer 34: Bphen (30 nm)
[0404] Electron injecting layer 35: LiF (1 nm)
[0405] Negative electrode 4 (translucent electrode): Ag—

Mg alloy (Ag/Mg mixing ratio=0.9/0.1) (20 nm)

[0406] BD3 is a TTF material that has a HOMO level
lower than that of BCP and a LUMO level higher than that
of BCP and in which a TTF phenomenon may be caused by
using a dopant material alone without a host material.
[0407] The organic EL element 10 in Example 6 is the
same as the organic EL element 10 in Example 1 except that
the first light-emitting layer 334 is an extremely thin dopant
film formed from the BD3 alone.

[0408] According to the present embodiment, the effects
as those in Example 1 can be obtained. Further, excitation
energy can be transferred directly from the TADF material
in the second light-emitting layer 334 to the TTF material in
the first light-emitting layer 33a due to a Dexter transition.
Therefore, loss during accepting the excitation energy
between the host material and the dopant material can be
decreased.

[0409] The T, level of BD3 is lower than the T, level of
PXZ-DPS that is the dopant material (TADF material) in the
second light-emitting layer 335. Therefore, Dexter energy
transfer from the dopant material (TADF material) in the
second light-emitting layer 335 to BD3 occurs, and upcon-
version from the T, level to the S; of BD3 is caused by TTF.
In the present embodiment, BD3 having a S, level higher
than the S, level of the dopant material (TADF material) in
the second light-emitting layer 335 is made to emit light by
using delayed fluorescence due to the TTF phenomenon, as
described above.

[0410] In Example 6, as the host materials in the second
light-emitting layer 335 and the third light-emitting layer
33¢, the same host material as that in Example 1 is used.
[0411] The HOMO level of BD3 is lower than the HOMO
level of the host material and the HOMO level of the dopant
material in the second light-emitting layer 335. The LUMO
level of BD3 is higher than the LUMO level of the host
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material and the LUMO level of the dopant material in the
second light-emitting layer 33b. Therefore, holes are more
easily injected into the second light-emitting layer 335 than
the first light-emitting layer 33a, and electrons are hardly
leaked from the second light-emitting layer 335 to the first
light-emitting layer 33a.

[0412] The LUMO level of the host material and the
LUMO level of the dopant material in the second light-
emitting layer 335 are lower than the LUMOQ level of the
host material and the LUMO level of the dopant material in
the third light-emitting layer 33¢. The HOMO level of the
host material and the HOMO level of the dopant material in
the second light-emitting layer 335 are higher than the
HOMO level of the host material and the HOMO level of the
dopant material in the third light-emitting layer 33¢. There-
fore, electrons are more ecasily injected into the second
light-emitting layer 335 than the third light-emitting layer
33¢, and holes are hardly leaked from the second light-
emitting layer 335 to the third light-emitting layer 33c.
[0413] The HOMO level of the hole transport layer 32
(0-NPD) adjacent to the first light-emitting layer 33a is
lower than the HOMO level of BCP that is the host material
in the second light-emitting layer 335, and the LUMO level
of the a-NPD is higher than the LUMO level of BCP.
Therefore, carrier leakage from the second light-emitting
layer 335 to the hole transport layer 32 can be prevented or
suppressed.

Sixth Embodiment

[0414] Further another embodiment of the disclosure will
be described as follows, with reference to FIG. 9.

[0415] The present embodiment will be described about
differences between the present embodiment and the first to
fifth embodiments by using differences between the present
embodiment and the first embodiment. Obviously, the same
modifications as those of the first to fifth embodiments may
also be applied to the present embodiment. The present
embodiment will be described about differences between the
present embodiment and the first to fifth embodiments, and
components having the same functions as those of the
components described in the first embodiment are appended
with the same reference signs, and the description thereof is
omitted.

[0416] FIG. 9 is a cross-sectional view of an example of
a schematic configuration of a light-emitting element
according to the present embodiment. In the present embodi-
ment, the organic EL element 10 will be described as an
example of the light-emitting element according to the
present embodiment.

[0417] As illustrated in FIG. 9, the organic EL element 10
according to the present embodiment has a configuration in
which a buffer layer 36 (intermediate layer) containing no
fluorescent material is provided between the second light-
emitting layer 335 and the third light-emitting layer 33c.
[0418] As described above, transfer of excitation energy
between the second light-emitting layer 335 and the third
light-emitting layer 33¢ is caused by Forster energy transfer
that does not need direct contact. Therefore, the buffer layer
36 containing no fluorescent material may be provided
between the second light-emitting layer 335 and the third
light-emitting layer 33c, as described above.

[0419] When a material for the buffer layer 36 is appro-
priately selected, carrier balance can be controlled by a
difference of carrier (hole or electron) mobility or the size of
barrier.

[0420] Therefore, when the buffer layer 36 is provided
between the second light-emitting layer 335 and the third
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light-emitting layer 33c, as described above, the difference
of carrier (hole or electron) mobility and the size of barrier
between the second light-emitting layer 335 and the third
light-emitting layer 33¢ can be changed, and the carrier
balance can be controlled.

[0421] According to the present embodiment, excitons can
be certainly generated in the second light-emitting layer 334.
When excitons can be certainly generated in the second
light-emitting layer 335, fluorescence can be emitted by the
first light-emitting layer 33a due to a Dexter transition and
TTF, as described above, and fluorescence can be emitted in
the third light-emitting layer 33¢ due to a Férster transition.
According to the present embodiment, light emission can be
efficiently caused in each layer (i.e., the first light-emitting
layer 33a, the second light-emitting layer 335, and the third
light-emitting layer 33¢) in the light-emitting layer 33, and
the light-emitting efficiency in each layer in the light-
emitting layer 33 can be enhanced.

[0422] When the buffer layer 36 is thus provided between
the second light-emitting layer 335 and the third light-
emitting layer 33c, it is desirable that the total thickness of
the second light-emitting layer 335 and the buffer layer 36
be not greater than 20 nm.

[0423] A Férster transition from the S, level of the TADF
material contained in the second light-emitting layer 334 to
the S, level of the fluorescent material contained in the third
light-emitting layer 33¢ occurs when the materials are within
a constant distance without direct contact. When light-
emitting layers having different emission peak wavelengths
are layered, excitation energy is easily transferred from the
light-emitting layer having the shorter emission peak wave-
length to the light-emitting layer having the longer emission
peak wavelength. When a distance between a molecule of
the TADF material contained in the second light-emitting
layer 335 and a molecule of the fluorescent material con-
tained in the third light-emitting layer 33c¢ is not greater than
20 nm, the Forster transition easily and certainly occurs, and
the energy transfer efficiency is not deteriorated.

[0424] Hereinafter, the configuration of the organic EL
element 10 according to the present embodiment will be
described by using Example. In the following Example, a
part of components will be described by using specific
dimensions and materials as examples. However, the present
embodiment is not also limited to the following Example.

Example 7

[0425] In Example 7, the non-translucent electrode 21, the
light-transmitting electrode 22, the hole injecting layer 31,
the hole transport layer 32, the first light-emitting layer 33a,
the second light-emitting layer 335, the buffer layer 36, the
third light-emitting layer 33c, the electron transport layer 34,
the electron injecting layer 35, and the negative electrode 4
are layered on the substrate 1 in this order from the substrate
1 side, as illustrated in FIG. 9.

[0426] As the substrate 1, a glass substrate is used. Mate-
rials for the layers layered on the substrate 1 and thicknesses
thereof are as follows.

[0427] Non-translucent electrode 21 (positive electrode 2,
reflective electrode): Ag (100 nm)

[0428] Light-transmitting 22 (positive electrode 2): ITO
(65 nm)

[0429] Hole injecting layer 31: HAT-CN (10 nm)

[0430] Hole transport layer 32: a-NPD (20 nm)

[0431] First light-emitting layer 33a (blue light-emitting

layer, light-emitting layer 33): BH1 (host material, 90%)/
BD1 (TTF material, 10%) (5 nm)
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[0432] Second light-emitting layer 336 (green light-emit-
ting layer, light-emitting layer 33): BCP (host material,
50%)/PXZ-DPS (TADF material, 50%) (10 nm)

[0433] Buffer layer 36: BCP (5 nm)

[0434] Third light-emitting layer 33¢ (red light-emitting
layer, light-emitting layer 33): BCP (host material, 90%)/
DCM (fluorescent material, 10%) (20 nm)

[0435] Electron transport layer 34: Bphen (30 nm)
[0436] Electron injecting layer 35: LiF (1 nm)
[0437] Negative electrode 4 (translucent electrode): Ag—

Mg alloy (Ag/Mg mixing ratio=0.9/0.1) (20 nm)

[0438] As described above, the organic EL element 10 in
Example 7 has the same as the organic EL element 10 in
Example 1 except that the buffer layer 36 is provided
between the second light-emitting layer 335 and the third
light-emitting layer 33c.

[0439] According to Example 7, the same effects as those
in Example 1 can be obtained. Further, carrier balance
between the second light-emitting layer 335 and the third
light-emitting layer 33¢ can be controlled. Therefore, exci-
tons can be more certainly generated in the second light-
emitting layer 335.

Supplement

[0440] A light-emitting element (the organic EL element
10) according to a first aspect of the disclosure is a light-
emitting element in which a functional layer (the organic EL
layer 3) containing at least a first light-emitting layer (the
first light-emitting layer 33a), a second light-emitting layer
(the second light-emitting layer 335), and a third light-
emitting layer (the third light-emitting layer 33¢) is provided
between a first electrode (one of the positive electrode 2 and
the negative electrode 4) and a second electrode (the other
of the positive electrode 2 and the negative electrode 4). The
first light-emitting layer has the shortest emission peak
wavelength of the light-emitting layers, and contains (I) a
host material and (II) a TTF material that is a delayed
fluorescent material that causes a TTF phenomenon in
cooperation with the host material or by the TTF material
alone, or contains at least the TTEF material. The second
light-emitting layer is layered on the first light-emitting layer
between the first light-emitting layer and the third light-
emitting layer, and contains at least a thermally activated
delayed fluorescent material. The third light-emitting layer
has the longest emission peak wavelength of the light-
emitting layers, and contains at least a fluorescent material.
The excited triplet level of at least one of the host material
and the TTF material contained in the first light-emitting
layer is lower than the excited triplet level of the thermally
activated delayed fluorescent material contained in the sec-
ond light-emitting layer.

[0441] As the emission peak wavelength is shorter, the
energy level of the light-emitting material is higher. When
light-emitting layers having different emission peak wave-
lengths are layered, excitation energy is easily transferred
from the light-emitting layer having the shorter emission
peak wavelength to the light-emitting layer having the
longer emission peak wavelength. In the thermally activated
delayed fluorescent material (TADF material), excitons can
be freely transferred between the S, level and the T level.
Therefore, excitons are generated uniformly in the S, level
and the T, level of the thermally activated delayed fluores-
cent material. This configuration causes Forster energy
transfer (Forster transition) from the thermally activated
delayed fluorescent material in the second light-emitting
layer to the fluorescent material in the third light-emitting
layer.
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[0442] The T, level of at least one of the host material and
the TTF material contained in the first light-emitting layer is
lower than the T, level of the thermally activated delayed
fluorescent material contained in the second light-emitting
layer. Therefore, excitation energy is easily transferred from
the thermally activated delayed fluorescent material in the
second light-emitting layer to the host material or the TTF
material contained in the first light-emitting layer. At that
time, the second light-emitting layer is layered on the first
light-emitting layer (that is, the second light-emitting layer
is in contact with the first light-emitting layer). Therefore,
Dexter energy transfer from the thermally activated delayed
fluorescent material in the second light-emitting layer to the
host material or the TTF material in the first light-emitting
layer occurs. Due to a TTF phenomenon, re-excitation from
the T, level of the host material or the T, level of the TTF
material to the S, level of the TTF material occurs in the first
light-emitting layer.

[0443] According to this configuration, light emission can
be efficiently achieved in each of the first light-emitting
layer, the second light-emitting layer, and the third light-
emitting layer. In the light-emitting element, the fluorescent
material containing the delayed fluorescent material is used
to emit light, and a phosphorescent material is not used.
Therefore, a reduction in cost can be attained.

[0444] A light-emitting element according to a second
aspect of the disclosure is the light-emitting element accord-
ing to the first aspect, wherein energy of excitons generated
in the second light-emitting layer may be transferred to the
first light-emitting layer due to Dexter energy transfer,
energy of excitons generated in the second light-emitting
layer may be transferred to the third light-emitting layer due
to Forster energy transfer, and light emission may be caused
in each of the first light-emitting layer, the second light-
emitting layer, and the third light-emitting layer.

[0445] According to this configuration, light emission can
be efficiently achieved in each of the first light-emitting
layer, the second light-emitting layer, and the third light-
emitting layer, as described above.

[0446] The light-emitting element according to a third
aspect of the disclosure is the light-emitting element accord-
ing to the second aspect, wherein the Dexter energy transfer
from the excited triplet level of the thermally activated
delayed fluorescent material in the second light-emitting
layer to the excited triplet level of the TTF material in the
first light-emitting layer occurs, re-excitation from the
excited triplet level of the TTF material to the excited singlet
level of the TTF material occurs, the Forster energy transfer
from the excited singlet level of the thermally activated
delayed fluorescent material in the second light-emitting
layer to the excited singlet level of the fluorescent material
in the third light-emitting layer occurs.

[0447] According to this configuration, the Dexter energy
transfer from the excited triplet level of the thermally
activated delayed fluorescent material in the second light-
emitting layer to the excited triplet level of the TTF material
in the first light-emitting layer occurs. Therefore, in the first
light-emitting layer, light emission can be more efficiently
achieved. The Forster energy transfer from the excited
singlet level of the thermally activated delayed fluorescent
material in the second light-emitting layer to the excited
singlet level of the fluorescent material in the third light-
emitting layer occurs. Therefore, in the third light-emitting
layer, light emission can be more efficiently achieved.

[0448] A light-emitting element according to a fourth
aspect of the disclosure is the light-emitting element accord-
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ing to any one of the first to third aspects, wherein the second
light-emitting layer may have a thickness of not greater than
20 nm.

[0449] The Forster transition from the S, level of the
thermally activated delayed fluorescent material contained
in the second light-emitting layer to the S, level of the
fluorescent material contained in the third light-emitting
layer occurs when the materials are within a constant
distance without direct contact. When light-emitting layers
having different emission peak wavelengths are layered,
excitation energy is easily transferred from the light-emit-
ting layer having the shorter emission peak wavelength to
the light-emitting layer exhibiting the longer emission peak
wavelength. When a distance between a molecule of the
thermally activated delayed fluorescent material and a mol-
ecule of the fluorescent material is not greater than 20 nm,
the Forster transition easily and certainly occurs, and the
energy transfer efficiency is not deteriorated.

[0450] A light-emitting element according to a fifth aspect
of the disclosure includes the light-emitting element accord-
ing to any one of the first to fourth aspects, wherein the first
electrode may be a positive electrode, the first light-emitting
layer, the second light-emitting layer, and the third light-
emitting layer may be layered in this order from the first
electrode side, the first light-emitting layer may contain a
material having a hole mobility higher than the electron
mobility, and the second light-emitting layer and the third
light-emitting layer may contain a material having an elec-
tron mobility higher than the hole mobility.

[0451] According to this configuration, holes are effi-
ciently injected or transported from the first electrode to the
first light-emitting layer, and electrons are efficiently
injected or transported from the second electrode to the
second light-emitting layer through the third light-emitting
layer. Therefore, recombination of carriers is likely to occur
in the vicinity of interface between the first light-emitting
layer and the second light-emitting layer. Accordingly, the
exciton generation probability in the second light-emitting
layer is increased, and a Dexter transition from the thermally
activated delayed fluorescent material in the second light-
emitting layer to the TTF material in the first light-emitting
layer is likely to occur. While the Dexter transition occurs
due to direct contact, a Forster transition from the S, level of
the thermally activated delayed fluorescent material to the S,
level of the fluorescent material occurs when the materials
are within a constant distance without direct contact. There-
fore, lights of three colors can be more efficiently emitted by
this configuration.

[0452] Alight-emitting element according to a sixth aspect
of the disclosure 1s the light-emitting element according to
any one of the first to fourth aspects, wherein the first
electrode may be a negative electrode, the first light-emitting
layer, the second light-emitting layer, and the third light-
emitting layer may be layered in this order from the first
electrode side, the first light-emitting layer may contain a
material having an electron mobility higher than the hole
mobility, and the second light-emitting layer and the third
light-emitting layer may contain a material having a hole
mobility higher than the electron mobility.

[0453] According to this configuration, electrons are effi-
ciently injected or transported from the first electrode to the
first light-emitting layer, and holes are efficiently injected or
transported from the second electrode to the second light-
emitting layer through the third light-emitting layer. There-
fore, recombination of carriers is likely to occur in the
vicinity of interface between the first light-emitting layer
and the second light-emitting layer. Accordingly, a Dexter
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transition from the thermally activated delayed fluorescent
material in the second light-emitting layer to the TTF
material in the first light-emitting layer is likely to occur.
While the Dexter transition occurs due to direct contact, a
Forster transition from the S, level of the thermally activated
delayed fluorescent material to the S, level of the fluorescent
material occurs when the materials are within a constant
distance without direct contact. Therefore, lights of three
colors can be more efficiently emitted by this configuration.
[0454] A light-emitting element according to a seventh
aspect of the disclosure is the light-emitting element accord-
ing to any one of the first to sixth aspects, wherein the
HOMO level of a material contained in the second light-
emitting layer at least at the highest mixing ratio may be
higher than the HOMO level of a material contained in the
first light-emitting layer at least at the highest mixing ratio.
[0455]  According to this configuration, when the positive
electrode is provided on the first light-emitting layer side as
the first or second electrode, holes are more easily injected
into the second light-emitting layer than the first light-
emitting layer. When the negative electrode is provided on
the first light-emitting layer side as the first or second
electrode, holes are hardly leaked from the second light-
emitting layer to the first light-emitting layer. Therefore, this
configuration can enhance the exciton generation probability
in the second light-emitting layer. Accordingly, the light-
emitting efficiency of the second light-emitting layer can be
enhanced. In addition, due to transfer of energy of excita-
tions generated in the second light-emitting layer, light
emission can be efficiently achieved also in the first light-
emitting layer and the third light-emitting layer.

[0456] A light-emitting element according to an eighth
aspect of the disclosure is the light-emitting element accord-
ing to any one of the first to seventh aspects, wherein the
HOMO level of the material contained in the second light-
emitting layer at least at the highest mixing ratio may be
higher than the HOMO level of a material contained in the
third light-emitting layer at least at the highest mixing ratio.
[0457] According to this configuration, when the positive
electrode is provided on the third light-emitting layer side as
the first or second electrode, holes are more easily injected
into the second light-emitting layer than the third light-
emitting layer. When the negative electrode is provided on
the third light-emitting layer side as the first or second
electrode, holes are hardly leaked from the second light-
emitting layer to the third light-emitting layer. Therefore,
this configuration can enhance the exciton generation prob-
ability in the second light-emitting layer. Accordingly, the
light-emitting efficiency of the second light-emitting layer
can be enhanced. In addition, due to transfer of energy of
excitations generated in the second light-emitting layer, light
emission can be efficiently achieved also in the first light-
emitting layer and the third light-emitting layer.

[0458] A light-emitting element according to a ninth
aspect of the disclosure is the light-emitting element accord-
ing to any one of the first to eighth aspects, wherein the
LUMO level of the material contained in the second light-
emitting layer at least at the highest mixing ratio may be
lower than the LUMO level of the material contained in the
first light-emitting layer at least at the highest mixing ratio.
[0459] According to this configuration, when the negative
electrode is provided on the first light-emitting layer side as
the first or second electrode, electrons are more easily
injected into the second light-emitting layer than the first
light-emitting layer. When the positive electrode is provided
on the first light-emitting layer side as the first or second
electrode, electrons are hardly leaked from the second
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light-emitting layer to the first light-emitting layer. There-
fore, this configuration can enhance the exciton generation
probability in the second light-emitting layer. Accordingly,
the light-emitting efficiency of the second light-emitting
layer can be enhanced. In addition, due to transfer of energy
of excitations generated in the second light-emitting layer,
light emission can be efficiently achieved also in the first
light-emitting layer and the third light-emitting layer.
[0460] A light-emitting element according to a tenth
aspect of the disclosure is the light-emitting element accord-
ing to any one of the first to ninth aspects, wherein the
LUMO level of the material contained in the second light-
emitting layer at least at the highest mixing ratio may be
lower than the LUMO level of the material contained in the
third light-emitting layer at least at the highest mixing ratio.
[0461] According to this configuration, when the negative
electrode is provided on the third light-emitting layer side as
the first or second electrode, electrons are more easily
injected into the second light-emitting layer than the third
first light-emitting layer. When the positive electrode is
provided on the third light-emitting layer side as the first or
second electrode, electrons are hardly leaked from the
second light-emitting layer to the third light-emitting layer.
Therefore, this configuration can enhance the exciton gen-
eration probability in the second light-emitting layer.
Accordingly, the light-emitting efficiency of the second
light-emitting layer can be enhanced. In addition, due to
transfer of energy of excitations generated in the second
light-emitting layer, light emission can be efficiently
achieved also in the first light-emitting layer and the third
light-emitting layer.

[0462] A light-emitting element according to an eleventh
aspect of the disclosure is the light-emitting element accord-
ing to any one of the first to tenth aspects, wherein the first
light-emitting layer may have a thickness of less than 5 nm,
and the content of the TTF material in the first light-emitting
layer may be greater than 50%.

[0463] Inthis configuration, the first light-emitting layer is
an extremely thin layer containing the TTF material at a high
content. Therefore, the Dexter energy transfer from the
excited triplet level of the thermally activated delayed
fluorescent material in the second light-emitting layer to the
excited triplet level of the TTF material in the first light-
emitting layer is likely to occur. Therefore, light emission
can be more efficiently achieved in the first light-emitting
layer.

[0464] A light-emitting element according to a twelfth
aspect of the disclosure is the light-emitting element accord-
ing the eleventh aspect, wherein the functional layer may
contain at least a layer layered on a side opposite to the
second light-emitting layer with the first light-emitting layer
interposed between the second light-emitting layer and the
functional layers, and the HOMO level of a material con-
tained in the layer on the first light-emitting layer, of the
layer layered on a side opposite to the second light-emitting
layer with the first light-emitting layer interposed between
the second light-emitting layer and the functional layers,
may be lower than the HOMO level of the material con-
tained in the second light-emitting layer at least at the
highest mixing ratio.

[0465] When the thickness of the first light-emitting layer
is small, the first light-emitting layer has an island shape.
The first light-emitting layer may be in direct contact with a
layer layered on a side opposite to the second light-emitting
layer with the first light-emitting layer interposed between
the second light-emitting layer and the layer. However,
according to this configuration, holes are hardly leaked from
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the second light-emitting layer to the layer layered on the
side opposite to the second light-emitting layer with the first
light-emitting layer interposed between the second light-
emitting layer and the layer. Carriers can be trapped by an
interface between the second light-emitting layer and the
layer layered on the side opposite to the second light-
emitting layer with the first light-emitting layer interposed
between the second light-emitting layer and the layer.
[0466] A light-emitting element according to a thirteenth
aspect of the disclosure is the light-emitting element accord-
ing the eleventh aspect, wherein the functional layer may
contain at least a layer layered on a side opposite to the
second light-emitting layer with the first light-emitting layer
interposed between the second light-emitting layer and the
functional layers, and the LUMO level of a material con-
tained in the layer on the first light-emitting layer, of the
layer layered on a side opposite to the second light-emitting
layer with the first light-emitting layer interposed between
the second light-emitting layer and the functional layers,
may be higher than the LUMO level of the material con-
tained in the second light-emitting layer at least at the
highest mixing ratio.

[0467] When the thickness of the first light-emitting layer
is small, the first light-emitting layer has an island shape.
The first light-emitting layer may be in direct contact with a
layer layered on a side opposite to the second light-emitting
layer with the first light-emitting layer interposed between
the second light-emitting layer and the layer. However,
according to this configuration, electrons are hardly leaked
from the second light-emitting layer to the layer layered on
the side opposite to the second light-emitting layer with the
first light-emitting layer interposed between the second
light-emitting layer and the layer. Carriers can be trapped by
an interface between the second light-emitting layer and the
layer layered on the side opposite to the second light-
emitting layer with the first light-emitting layer interposed
between the second light-emitting layer and the layer.
[0468] A light-emitting element according to a fourteenth
aspect of the disclosure is the light-emitting element accord-
ing to any one of the first to thirteenth aspects, wherein a
buffer layer containing no fluorescent material may be
provided between the second light-emitting layer and the
third light-emitting layer.

[0469] Transfer of excitation energy between the second
light-emitting layer and the third light-emitting layer is
caused by Férster energy transfer that does not need direct
contact. Therefore, the buffer layer containing no fluorescent
material may be provided between the second light-emitting
layer and the third light-emitting layer.

[0470] When the buffer layer is provided, a difference of
carrier (hole or electron) mobility and the size of barrier
between the second light-emitting layer and the third light-
emitting layer can be changed, and the carrier balance can be
controlled. According to this configuration, excitons can be
certainly generated in the second light-emitting layer. There-
fore, the light-emitting efliciency of each layer can be
enhanced.

[0471] A light-emitting element according to a fifteenth
aspect of the disclosure is the light-emitting element accord-
ing to fourteenth aspect, wherein the total thickness of the
second light-emitting layer and the buffer layer may be not
greater than 20 nm.

[0472] A Forster transition from the S, level of the ther-
mally activated delayed fluorescent material contained in the
second light-emitting layer to the S, level of the fluorescent
material contained in the third light-emitting layer occurs
when the materials are within a constant distance without
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direct contact. When light-emitting layers having different
emission peak wavelengths are layered, excitation energy is
easily transferred from the light-emitting layer having the
shorter emission peak wavelength to the light-emitting layer
exhibiting the longer emission peak wavelength. When a
distance between a molecule of the thermally activated
delayed fluorescent material and a molecule of the fluores-
cent material is not greater than 20 nm, the Forster transition
easily and certainly occurs, and the energy transfer effi-
ciency is not deteriorated. When the buffer layer is provided
between the second light-emitting layer and the third light-
emitting layer, it is preferable that the total thickness of the
second light-emitting layer and the buffer layer be not
greater than 20 nm.

[0473] A light-emitting element according to a sixteenth
aspect of the disclosure is the light-emitting element accord-
ing to any one of the first to fifteenth aspects, wherein the
first light-emitting layer may be a blue light-emitting layer,
the second light-emitting layer may be a green light-emitting
layer, and the third light-emitting layer may be a red
light-emitting layer.

[0474] According to this configuration, each of the blue
light-emitting layer, the green light-emitting layer, and the
red light-emitting layer can be made to efficiently emit light.
Therefore, a white light-emitting element having high light-
emitting efficiency can be provided.

[0475] A light-emitting element according to a seven-
teenth aspect of the disclosure may be an organic EL element
that is the light-emitting element according to any one of the
first to sixteenth aspects.

[0476] According to this configuration, an organic EL
element having high light-emitting efficiency can be pro-
vided.

[0477] An electronic device (the organic EL display
device 100) according to an eighteenth aspect of the disclo-
sure may be provided with the light-emitting element (the
organic EL element 10) according to any one of the first to
seventeenth aspects.

[0478] According to this configuration, an electronic
device provided with a light-emitting element having high
light-emitting efficiency can be provided.

[0479] An electronic device according to a nineteenth
aspect of the disclosure may be an illumination device that
is the electronic device according to the eighteenth aspect.
[0480] According to this configuration, an illumination
device having high light-emitting efficiency can be pro-
vided.

[0481] An electronic device according to a twentieth
aspect of the disclosure may be a display device that is the
electronic device according to any one of the first to seventh
aspects.

[0482] According to this configuration, a display device
having high light-emitting efficiency can be provided.
[0483] A method for manufacturing a light-emitting ele-
ment (the organic EL element 10) according to a twenty-first
aspect of the disclosure includes forming a functional layer
(the organic EL layer 3) containing at least a light-emitting
layer (the light-emitting layer 33) between a first electrode
(one of the positive electrode 2 and the negative electrode 4)
and a second electrode (the other of the positive electrode 2
and the negative electrode 4). In the method, the forming the
functional layer includes forming a first light-emitting layer
(the first light-emitting layer 33a), forming a second light-
emitting layer (the second light-emitting layer 335), and
forming a third light-emitting layer (the third light-emitting
layer 33¢). The first light-emitting layer has the shortest
emission peak wavelength of the light emitting layers and
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contains () a host material and (IT) a TTF material that is a
delayed fluorescent material that causes a TTF phenomenon
in cooperation with the host material or by the TTF material
alone, or at least the TTF material. The second light-emitting
layer contains at least a thermally activated delayed fluo-
rescent material, and the excited triplet level of the thermally
activated delayed fluorescent material is higher than the
excited triplet level of at least one of the host material and
the TTF material contained in the first light-emitting layer.
The third light-emitting layer has the longest emission peak
wavelength of the light emitting layers and contains at least
a fluorescent material. The formation of the first light-
emitting layer and the formation of the second light-emitting
layer are continuously performed such that the second
light-emitting layer is layered between the first light-emit-
ting layer and the third light-emitting layer and the first
light-emitting layer and the second light-emitting layer are
adjacent to each other.

[0484] According to the method, the same effects as those
in the first aspect can be obtained.

[0485] A light emission method according to a twenty-
second aspect of the disclosure includes transferring the
energy of excitons generated in a second light-emitting layer
(the second light-emitting layer 335) containing at least a
thermally activated delayed fluorescent material to a first
light-emitting layer (the first light-emitting layer 33a) by
Dexter energy transfer, transferring the energy of excitons
generated in the second light-emitting layer to a third
light-emitting layer (the third light-emitting layer 33c¢) by
Forster energy transfer to make the first, second, and third
light-emitting layers to emit light. The first light-emitting
layer is layered on the second light-emitting layer, has an
emission peak wavelength shorter than an emission peak
wavelength of the second light-emitting layer, and contains
a host material and a TTF material that is a delayed
fluorescent material that causes a TTF phenomenon in
cooperation with the host material or by the TTF material
alone, or at least the TTF material, the excited triplet level
of at least one of the host material and the TTF material is
lower than the excited triplet level of the thermally activated
delayed fluorescent material. The third light-emitting layer
is layered on the second light-emitting layer on a side
opposite to the first light-emitting layer, has an emission
peak wavelength longer than an emission peak wavelength
of the second light-emitting layer, and contains at least the
fluorescent material.

[0486] According to the method, the same effects as those
in the second aspect can be obtained.

[0487] The light emission method according to a twenty-
third aspect of the disclosure may be the light emission
method according to the twenty-second aspect, wherein the
Dexter energy transfer from the excited triplet level of the
thermally activated delayed fluorescent material in the sec-
ond light-emitting layer to the excited triplet level of the
TTF material in the first light-emitting layer occurs, re-
excitation from the excited triplet level of the TTF material
to the excited singlet level of the TTF material occurs, the
Forster energy transfer from the excited singlet level of the
thermally activated delayed fluorescent material in the sec-
ond light-emitting layer to the excited singlet level of the
fluorescent material in the third light-emitting layer occurs,
and light emission is achieved in each of the first light-
emitting layer, the second light-emitting layer, and third
light-emitting layer.

[0488] According to the method, the same effects as those
in the third aspect can be obtained.
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REFERENCE SIGNS LIST

[0489] 1 Substrate

[0490] 2 Positive electrode

[0491] 3 Organic EL layer (functional layer)
[0492] 4 Negative electrode

[0493] 5 Sealing body

[0494] 6 Filling material

[0495] 10 Organic EL element

[0496] 11 Signal line

[0497] 12 TFT

[0498] 13 Interlayer insulating film
[0499] 13a Contact hole

[0500] 15 Edge cover

[0501] 154 Opening

[0502] 21 Non-translucent electrode
[0503] 22 Light-transmitting electrode
[0504] 30 Light-emitting region
[0505] 31 Hole injecting layer

[0506] 32 Hole transport layer

[0507] 33 Light-emitting layer

[0508] 33a First light-emitting layer
[0509] 335 Second light-emitting layer
[0510] 33c¢ Third light-emitting layer
[0511] 34 FElectron transport layer
[0512] 35 Electron injecting layer
[0513] 36 Buffer layer

[0514] S5IR, 51G, 51B CF

[0515] 100 Organic EL display device

1. A light-emitting element comprising;
a first electrode;
a second electrode; and
a functional layer containing at least a first light-emitting
layer and a second light-emitting layer, the functional
layer being disposed between the first electrode and the
second electrode, wherein
the first light-emitting layer has an emission peak wave-
length shorter than an emission peak wavelength of the
second light-emitting layer, and contains a host mate-
rial and a triplet-triplet-fusion (TTF) material or at least
the TTF material, the TTF material being a delayed
fluorescent material that causes a TTF phenomenon by
the TTF material alone or in cooperation with the host
material,
the second light-emitting layer is adjacent to the first
light-emitting layer, and contains at least a thermally
activated delayed fluorescent material, the thermally
activated delayed fluorescent material being a delayed
fluorescent material in which reverse intersystem cross-
ing occurs from an excited triplet level to an excited
singlet level by thermal activation, and
an excited triplet level of at least one of the host material
and the TTF material contained in the first light-
emitting layer is lower than the excited triplet level of
the thermally activated delayed fluorescent material
contained in the second light-emitting layer.
2. The light-emitting element according to claim 1,
wherein
energy of excitons generated in the second light-emitting
layer is transferred to the first light-emitting layer due
to a Dexter energy transfer, and
each of the first light-emitting layer and the second
light-emitting layer emits light.
3. The light-emitting element according to claim 2,
wherein the Dexter energy transfer occurs from the excited
triplet level of the thermally activated delayed fluorescent
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material in the second light-emitting layer to an excited
triplet level of the TTF material in the first light-emitting
layer, and

re-excitation occurs from the excited triplet level of the

TTF material to an excited singlet level of the TTF
material.

4. The light-emitting element according to claim 1,
wherein the second light-emitting layer has a thickness of
not greater than 20 nm.

5. The light-emitting element according to claim 1,
wherein the first electrode includes a positive electrode,

the first light-emitting layer, the second light-emitting

layer, are layered in this order from the first electrode
side,
the first light-emitting layer contains a material having a
hole mobility higher than the electron mobility, and

the second light-emitting layer and the third light-emitting
layer contain a material having an electron mobility
higher than the hole mobility.

6. The light-emitting element according to claim 1,
wherein the first electrode is a negative electrode,

the first light-emitting layer and the second light-emitting

layer are layered in this order from the first electrode
side,

the first light-emitting layer contains a material having an

electron mobility higher than the hole mobility, and
the second light-emitting layer contain a material having
a hole mobility higher than the electron mobility.

7. The light-emitting element according to claim 1,
wherein a highest occupied molecular orbital (HOMO) level
of a material contained in the second light-emitting layer at
least at a highest mixing ratio is higher than a HOMO level
of a material contained in the first light-emitting layer at
least at the highest mixing ratio.

8. The light-emitting element according to claim 1,
wherein a lowest unoccupied molecular orbital (LUMQO)
level of the material contained in the second light-emitting
layer at least at the highest mixing ratio is lower than a
LUMO level of the material contained in the first light-
emitting layer at least at the highest mixing ratio.

9. The light-emitting element according to claim 1,
wherein

the first light-emitting layer has a thickness of less than 5

nm, and

the second light-emitting layer has a thickness which is

not greater than 20 nm.

10. The light-emitting element according to claim 9,
wherein

the functional layer contains at least a layer being dis-

posed a side opposite to the second light-emitting layer
with the first light-emitting layer interposed between
the second light-emitting layer and the functional lay-
ers, and

a highest occupied molecular orbital (HOMO) level of a

material contained in the layer on the first light-emit-
ting layer, of the layer being disposed a side opposite to
the second light-emitting layer with the first light-
emitting layer interposed between the second light-
emitting layer and the functional layers, is lower than
a HOMO level of the material contained in the second
light-emitting layer at least at a highest mixing ratio.

11. The light-emitting element according to claim 9,
wherein

the functional layer contains at least a layer being dis-

posed a side opposite to the second light-emitting layer
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with the first light-emitting layer interposed between
the second light-emitting layer and the functional lay-
ers, and
a lowest unoccupied molecular orbital (LUMO) level of a
material contained in the layer being adjacent to the
first light-emitting layer, of the layer being disposed a
side opposite to the second light-emitting layer with the
first light-emitting layer interposed between the second
light-emitting layer and the functional layers, is higher
than a LUMO level of the material contained in the
second light-emitting layer at least at a highest mixing
ratio.
12. The light-emitting element according to claim 1,
wherein
the first light-emitting layer contains the host material,
the excited triplet level of the host material contained in
the first light-emitting layer is higher than the excited
triplet level of the TFT material, and
the host material contained in the first light-emitting layer
has a hole mobility higher than an electron mobility.
13. The light-emitting element according to claim 1,
wherein
the second light-emitting layer contains a host material,
an excited triplet level of the host material contained in
the second light-emitting layer is higher than the
excited triplet level of the thermally activated delayed
fluorescent material, and
the host material contained in the second light-emitting
layer has an electron mobility higher than a hole
mobility.
14. The light-emitting element according to claim 1,
wherein
a content of the TTF material in the first light-emitting
layer and a content of the thermally activated delayed
fluorescent material in the second light-emitting layer
are not less than 10 wt %, respectively.
15. A display device comprising a plurality of the light-
emitting elements recited in claim 1,
the display device comprising
(1) a first pixel being provided with one of the plurality of
the light-emitting elements, the first pixel being con-
figured to emit light of a first color, and
(ii) a second pixel being provided with another one of the
plurality of the light-emitting elements, the second
pixel being configured to emit light of a second color
which is different from the first color, wherein
the one of the plurality of the light-emitting elements and
the another one of the plurality of the light-emitting
elements are configured to emit same monochromatic
light,
the first pixel is configured to modulate the monochro-
matic light into the first color, and
the second pixel is configured to modulate the monochro-
matic light into the second color.
16. The display device according to claim 15, wherein
the first pixel includes a first color filter that transmits the
light of the first color, and
the second pixel includes a second color filter that trans-
mits the light of the second color.
17. The display device according to claim 16, wherein
the first color is red and the second color is green,
the display device further comprising a third pixel con-
figured to emit blue light.
18. A method for manufacturing a light-emitting element
comprising:
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forming a functional layer containing at least a light-
emitting layer between a first electrode and second
electrode, wherein

the forming of the functional layer includes forming a first
light-emitting layer and forming a second light-emit-
ting layer,

the first light-emitting layer has an emission peak wave-
length shorter than an emission peak wavelength of the
second light-emitting layer, and contains a host mate-
rial and a triplet-triplet-function (TTF) material or at
least the TTF material, the TTF material being a
delayed fluorescent material that causes a TTF phe-
nomenon by the TTF material alone or in cooperation
with the host material,

the second light-emitting layer contains at least a ther-
mally activated delayed fluorescent material, the ther-
mally activated delayed fluorescent material being a
material in which reverse intersystem crossing occurs
from an excited triplet level to an excited singlet level
by thermal activation,

the excited triplet level of the thermally activated delayed
fluorescent material is higher than an excited triplet
level of at least one of the host material and the TTF
material contained in the first light-emitting layer, and

the forming of the first light-emitting layer and the
forming of the second light-emitting layer are continu-
ously performed such that the first light-emitting layer
and the second light-emitting layer are adjacent to each
other.

19. A light emission method comprising:

transferring energy of excitons generated in a second
light-emitting layer containing at least a thermally
activated delayed fluorescent material to a first light-
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emitting layer by Dexter energy transfer, the thermally
activated delayed fluorescent material being a delayed
fluorescent material in which reverse intersystem cross-
ing occurs from an excited triplet level to an excited
singlet level by thermal activation to make the first
light-emitting layer and the second light-emitting layer,
wherein

the first light-emitting layer is layered on the second
light-emitting layer, has an emission peak wavelength
shorter than an emission peak wavelength of the second
light-emitting layer, and contains a host material and a
triplet-triplet-function (TTF) material or at least the
TTF material, the TTF material being a delayed fluo-
rescent material that cause a TTF phenomenon by the
TTF material alone or in cooperation with the host
material, and

an excited triplet level of at least one of the host material
and the TTF material is lower than the excited triplet
level of the thermally activated delayed fluorescent
material.

20. The light emission method according to claim 19,

wherein

the Dexter energy transfer occurs from the excited triplet
level of the thermally activated delayed fluorescent
material in the second light-emitting layer to an excited
triplet level of the TTF material in the first light-
emitting layer,

re-excitation occurs from the excited triplet level of the
TTF material to an excited singlet level of the TTF
material, and

each of the first light-emitting layer and the second
light-emitting layer emits light.
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