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ELEMENT, IMAGE DISPLAY DEVICE, AND SYSTEM

Technical Field

The present disclosure relates to a direct-current-driven inorganic EL element, a
display element, an image display device, and a system.
Background Art

In recent years, organic EL. (OLED) elements or compound semiconductor LEDs are
developed to be used for illumination light sources or displays. They are a current
injection type light emitting element that emits light through the direct current drive
and have a characteristic that light is emitted with high brightness even at a low
voltage. However, the OLED is formed of an organic matter and thus has a low
durability, which is a disadvantage. In addition, the LED has a disadvantage that RGB
elements cannot be formed on an active matrix thin film transistor (AM-TFT) that is
widely used in displays because the LED is obtained through epitaxial growth of the
compound semiconductor on a single-crystal substrate. Meanwhile, an inorganic EL
element formed of an oxide or oxysulphide emitting material has a high durability and
has a possibility that RBG elements can be formed on an AM-TFT. Therefore, the
inorganic EL element is expected as a light emitting element for the next-generation
displays.

The inorganic EL elements are mainly classified into an alternating-current-driven
inorganic EL element and a direct-current-driven inorganic EL element depending on
the driving method. The alternating-current-driven inorganic EL element emits light by
sandwiching a thin film of an inorganic light emitting layer between dielectric
substance layers or applying alternating voltage of hundreds of volts to a layer in
which fluorescent fine particles are dispersed in a dielectric substance binder. As a
result of extensive research and development, this system has been put to practical use.

Conventionally, as the direct-current-driven inorganic EL element, a direct-
current-driven inorganic EL. element using an inorganic fluorescent substance, which is
one kind of the EL (electroluminescence), as a light emitting layer is well known. In
the direct-current-driven inorganic EL element, a light emitting layer is provided
between, for example, a pair of electrodes. Voltage is applied between the pair of
electrodes and the light emitting layer emits light to illuminate its surrounding. The
direct-current-driven inorganic EL has advantages that the cost is low and light
emission does not involve the heat generation, and is expected to prevail for the future.

As the fluorescent substance of the inorganic EL element, the technique used as the
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direct-current-driven inorganic EL light emitting layer obtained by adding a rare earth

element to zinc oxide is well known (see, for example, NPL 1).
In addition, an inorganic EL element in which a film for preventing diffusion of rare

earth is provided between a light emitting layer and a substrate has been proposed (see,
for example, PTL 1).
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Summary of Invention

Technical Problem
However, in the conventional techniques, an inorganic EL. element that is driven by
direct current at a low voltage and emits light at a high efficiency cannot be realized.
An object of the present disclosure is to provide a direct-current-driven inorganic EL.

element that sufficiently emits light at a low voltage * high efficiency.

Solution to Problem

Means for solving the aforementioned problem are as follows. That is, an inorganic
EL element of the present disclosure includes: an anode; a hole transporting layer; a
light emitting layer; an electron transporting layer; and a cathode, the anode, the hole
transporting layer, the light emitting layer, the electron transporting layer, and the
cathode being stacked. The hole transporting layer is an oxide film, the light emitting
layer is an oxide film, and the electron transporting layer is an oxide film.
Advantageous Effects of Invention

According to the inorganic EL element of the present disclosure, it is possible to
provide a light emitting element having durability and emitting light at a low
voltage - high efficiency.
Brief Description of Drawings
[fig. 1]FIG. 1 is a schematic structural diagram presenting one example of a direct-
current-driven inorganic EL. element of the present disclosure.
[fig.2]FIG. 2 is a diagram presenting an image display device.
[fig.3]FIG. 3 is a diagram presenting one example of a display element of the present
disclosure.

[fig.4]FIG. 4 is a schematic structural diagram presenting one example of a positional
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relationship between an inorganic EL element and a field-effect transistor in a display
element.

[fig.5]FIG. 5 is a schematic structural diagram presenting another example of a po-
sitional relationship between an inorganic EL element and a field-effect transistor in a
display element.

[fig.6]FIG. 6 is a diagram presenting a display control device.

[fig.7]F1G. 7 is a diagram presenting an I-V characteristic of the inorganic EL element
produced in Example 1.

[fig.8]FIG. 8 is a diagram presenting EL spectrum of the inorganic EL. element
produced in Example 1.

[fig.9]FIG. 9 is a schematic diagram presenting an energy diagram of the inorganic EL
elements produced in Examples 1 and 4.

[fig. 10]FIG. 10 is a schematic diagram presenting an energy diagram of the inorganic
EL element produced in Example 2.

[fig. 11]FIG. 11 is a schematic diagram presenting an energy diagram of the inorganic
EL element produced in Example 3.

[fig.12]FIG. 12 is a schematic diagram presenting an energy diagram of the inorganic
EL element produced in Example 5.

[fig.13]FIG. 13 is a schematic diagram presenting an energy diagram of the inorganic
EL element produced in Example 6.

Description of Embodiments

(Inorganic EL element)

An inorganic EL element of the present disclosure includes at least a light emitting
layer, and further includes other components such as an anode, a cathode, a hole
transporting layer, and an electron transporting layer if necessary.

The inorganic EL element is a direct-current-driven inorganic EL element.

The light emitting layer is an oxide film, preferably an amorphous oxide film.

The hole transporting layer is an oxide {ilm, preferably an amorphous oxide film.

The electron transporting layer is an oxide film, preferably an amorphous oxide film.

The oxide film may include microcrystals.

The oxide film as the light emitting layer is preferably formed of an oxide doped
with a luminescent center.

The luminescent center is preferably a transition metal ion or a rare earth ion.

The luminescent center preferably includes at least one selected from the group
consisting of titanium (Ti), chromium (Cr), manganese (Mn), tungsten (W), cerium
(Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu),

gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
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(Tm), and ytterbium (YDb).

In the oxide film as the light emitting layer, an oxide having a band gap energy equal
to or higher than excitation energy of the luminescent center is preferably a host of the
luminescent center.

In the oxide film as the light emitting layer, an oxide having a band gap energy equal
to or higher than luminescent energy of the luminescent center is preferably a host of
the luminescent center.

The oxide film as the hole transporting layer is preferably a p-type oxide semi-
conductor.

The oxide film as the electron transporting layer is preferably an n-type oxide semi-
conductor.

Preferably, the oxide film as the hole transporting layer is a p-type oxide semi-
conductor doped with a luminescent center and functions as the light emitting layer.

Preferably, the oxide film as the electron transporting layer is an n-type oxide semi-
conductor doped with the luminescent center and functions as the light emitting layer.

The luminescent center is preferably a transition metal ion or a rare earth ion.

The luminescent center preferably includes at least one selected from the group
consisting of titanium (Ti), chromium (Cr), manganese (Mn), tungsten (W), cerium
(Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), and ytterbium (YDb).

FIG. 1 is a schematic structural diagram presenting one example of a direct-
current-driven inorganic EL. element of the present disclosure.

An inorganic EL element 350 in FIG. 1 includes a cathode 312, an anode 314, and an
inorganic EL thin film layer 340.

<Cathode>

A material of the cathode 312 is not particularly limited and may be appropriately
selected depending on the intended purpose. Examples of the material include
aluminium (Al), magnesium (Mg)-silver (Ag) alloy, aluminium (Al)-lithium (L1) alloy,
gold (Au)-germanium alloy, and indium tin oxide (ITO). Note that, the magnesium
(Mg)-silver (Ag) alloy becomes a high-reflective electrode if having a sufficient
thickness, and an extremely thin film (less than about 20 nm) of the Mg-Ag alloy
becomes a semi-transparent electrode. In the figure, light is taken out from the side of
the anode. However, light can be taken out from the side of the cathode when the
cathode is a transparent electrode or a semi-transparent electrode.

<Anode>

A material of the anode 314 is not particularly limited and may be appropriately

selected depending on the intended purpose. Examples of the material include indium
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tin oxide (ITO), indium zinc oxide (IZO), silver (Ag)-neodymium (Nd) alloy, and
aluminium (Al)-silicon (Si)-copper (Cu) alloy. Note that, in the case where a silver
alloy is used, the resultant electrode becomes a high-reflective electrode, which is
suitable for taking light out from the side of the cathode.

<Inorganic EL thin film layer>

The inorganic EL thin film layer 340 includes, for example, an electron transporting
layer 342, a light emitting layer 344, and a hole transporting layer 346. The electron
transporting layer 342 is coupled to the cathode 312 and the hole transporting layer 346
is coupled to the anode 314. The light emitting layer 344 emits light when the prede-
termined voltage is applied between the anode 314 and the cathode 312.

The electron transporting layer 342 and the light emitting layer 344 may form a
single layer. Alternatively, the hole transporting layer 346 and the light emitting layer
344 may form a single layer. Moreover, an electron injecting layer may be disposed
between the electron transporting layer 342 and the cathode 312. Furthermore, a hole
injecting layer may be disposed between the hole transporting layer 346 and the anode
314.

A so-called “bottom emission” inorganic EL element, in which light is taken out
from the side of the substrate (the bottom side in FIG. 1), is described. However, the
inorganic EL element may be a “top emission” inorganic EL element, in which light is
taken out from the opposite side to the substrate (the bottom side in FIG. 1).

<<Light emitting layer>>

The oxide film as the light emitting layer in the inorganic EL element of the present
disclosure is preferably formed of an oxide doped with a luminescent center. The lu-
minescent center is not particularly limited and may be appropriately selected from
transition metal ions and rare earth ions depending on the intended purpose. Examples
thereof include Ti, Cr, Mn, Cu, W, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, and
Yb.

A host oxide can be appropriately selected depending on the intended purpose, but
has preferably a band gap energy equal to or higher than excitation energy of the lu-
minescent center. Preferably, the host oxide also has a band gap energy equal to or
higher than luminescent energy of the luminescent center. Specific examples of the
aforementioned host oxide include AL, O;, Ga,0s, La,0;, ZrO,, YAO (Yttrium
Aluminium Oxide), YGO (Yttrium Gadolinium Oxide), and LAO (Lanthanum
Aluminium Oxide).

A concentration of the luminescent center can be appropriately selected depending on
the intended purpose. The concentration thereof is preferably 10 atom% or less, par-
ticularly preferably about 1 to 5 atom% of cations of the host.

The oxide film, which is the light emitting layer, is preferably an oxide including at
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least one selected from the group consisting of beryllium (Be), magnesium (Mg),
calcium (Ca), strontium (Sr), barium (Ba), scandium (Sc), yttrium (Y), lanthanum (La),
lutetium (Lu), boron (B), aluminium (Al), gallium (Ga), silicon (Si), germanium (Ge),
antimony (Sb), bismuth (B1), and tellurium (Te).

A film thickness of the light emitting layer can be appropriately selected depending
on the intended purpose. For example, the film thickness thereof is preferably 100 nm
or less, particularly preferably from about 5 nm through about 30 nm.

<<Electron transporting layer>>

The oxide film as the electron transporting layer in the inorganic EL element of the
present disclosure is preferably formed of an n-type oxide semiconductor. A material
of the n-type oxide semiconductor is not particularly limited and may be appropriately
selected depending on the intended purpose. Examples thereof include InGaZnO
(Indium Gallium Zinc Oxide), IMO (Indium Magnesium Oxide), ZTO (Zinc Tin
Oxide), IAO (Indium Aluminium Oxide), and ILO (Indium Lanthanum Oxide). In
order to control the electron carrier of the n-type oxide semiconductor, carrier doping
is suitably performed.

The oxide film, which is the electron transporting layer, is preferably an n-type oxide
semiconductor including at least one selected from the group consisting of zinc (Zn),
cadmium (Cd), gallium (Ga), indium (In), thallium (T1), germanium (Ge), tin (Sn), lead
(Pb), bismuth (Bi), titanium (Ti), and tungsten (W).

The oxide film, which is the electron transporting layer, is preferably the n-type
oxide semiconductor further including at least one selected from the group consisting
of beryllium (Be), magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba),
scandium (Sc), yttrium (Y), lanthanoid (Ln), boron (B), aluminium (Al), silicon (Si),
antimony (Sb), and tellurium (Te).

A film thickness of the electron transporting layer can be appropriately selected
depending on the intended purpose. For example, the film thickness thereof is
preferably 100 nm or less, particularly preferably from about 5 nm through about 30
nm.

<<Hole transporting layer>>

The oxide film as the hole transporting layer in the inorganic EL element of the
present disclosure is preferably formed of a p-type oxide semiconductor. A material of
the p-type oxide semiconductor is not particularly limited and may be appropriately
selected depending on the intended purpose. Examples thereof include Cu,O, CulnO,
(Copper Indium Oxide), CuAlO, (Copper Aluminium Oxide), MCO (Magnesium
Copper Oxide), CCO (Calcium Copper Oxide), SCO (Strontium Copper Oxide), ACO
(Antimony Copper Oxide), CTO (Copper Tin Oxide), NiO, and Znlr,O, (Zinc Iridium

Oxide). In order to control the hole carrier of the p-type oxide semiconductor, carrier
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doping is suitably performed.

The oxide film, which is the hole transporting layer, is preferably a p-type oxide
semiconductor including at least one selected from the group consisting of nickel (Ni),
copper (Cu), zinc (Zn), ruthenium (Ru), rhodium (Rh), thallium (T1), tin (Sn), lead
(Pb), antimony (Sb), bismuth (Bi), and tellurium (Te).

A film thickness of the hole transporting layer can be appropriately selected
depending on the intended purpose. For example, the film thickness thereof is
preferably 100 nm or less, particularly preferably from about 5 nm through about 30
nm.

When the light emitting layer and the electron transporting layer forms a single layer,
the electron transporting layer is preferably doped with a luminescent center of the
light emitting layer above-mentioned.

When the light emitting layer and the hole transporting layer forms a single layer, the
hole transporting layer is preferably doped with a luminescent center of the light
emitting layer above-mentioned.

Combinations of, for example, a kind and concentration of the luminescent center
and a material and film thickness of the electron transporting layer and the hole
transporting layer can be appropriately selected.

<<Electron injecting layer>>

The electron injecting layer in the inorganic EL element of the present disclosure is
present between the cathode and the electron transporting layer, and has a function of
facilitating injection of electrons from the cathode. It is particularly useful in the case
where the light emitting layer and the electron transporting layer forms a single layer
as described above. An oxide film as the electron injecting layer in the inorganic EL.
element of the present disclosure is preferably formed of an n-type oxide semi-
conductor. A material of the n-type oxide semiconductor is not particularly limited and
may be appropriately selected depending on the intended purpose. Examples thereof
include InGaZnO (Indium Gallium Zinc Oxide), IMO (Indium Magnesium Oxide),
ZTO (Zinc Tin Oxide), IAO (Indium Aluminium Oxide), and ILO (Indium Lanthanum
Oxide).

The oxide film as the electron injecting layer is preferably an n-type oxide semi-
conductor including at least one selected from the group consisting of zinc (Zn),
cadmium (Cd), gallium (Ga), indium (In), thallium (T1), germanium (Ge), tin (Sn), lead
(Pb), bismuth (Bi), titanium (Ti), and tungsten (W).

The n-type oxide semiconductor as the electron injecting layer suitably undergoes
carrier doping in order to lower injection barrier of electrons from the cathode. As a
carrier dopant, an element having a higher valence than that of the constituent element

of the n-type oxide semiconductor is preferably added. For IMO (Indium Magnesium
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Oxide), for example, tin (Sn), titanium (T1), niobium (Nb), and tungsten (W) are
preferable. For ZTO (Zinc Tin Oxide), for example, niobium (Nb), molybdenum (Mo),
and tungsten (W) are preferable.

A film thickness of the electron injecting layer can be appropriately selected
depending on the intended purpose. For example, the film thickness thereof is
preferably 100 nm or less, particularly preferably from about 5 nm through about 30
nm.

<<Hole injecting layer>>

The hole injecting layer in the inorganic EL element of the present disclosure is
present between the anode and the hole transporting layer, and has a function of fa-
cilitating injection of holes from the anode. It is particularly useful in the case where
the light emitting layer and the hole transporting layer forms a single layer as described
above. An oxide film as the hole injecting layer in the inorganic EL element of the
present disclosure is preferably formed of a p-type oxide semiconductor. A material of
the p-type oxide semiconductor is not particularly limited and may be appropriately
selected depending on the intended purpose. Examples thereof include Cu,O, CulnO,
(Copper Indium Oxide), CuAlO, (Copper Aluminium Oxide), MCO (Magnesium
Copper Oxide), CCO (Calcium Copper Oxide), SCO (Strontium Copper Oxide), ACO
(Antimony Copper Oxide), CTO (Copper Tin Oxide), NiO, and Znlr,O, (Zinc Iridium
Oxide).

The oxide film as the hole injecting layer is preferably a p-type oxide semiconductor
including at least one selected from the group consisting of nickel (Ni), copper (Cu),
zinc (Zn), ruthenium (Ru), rhodium (Rh), thallium (T1), tin (Sn), lead (Pb), antimony
(Sb), bismuth (B1), and tellurium (Te).

The p-type oxide semiconductor as the hole injecting layer suitably undergoes carrier
doping in order to lower injection barrier of holes from the anode. As a carrier dopant,
an element having a lower valence than that of the constituent element of the p-type
oxide semiconductor is preferably added. For CulnO, (Copper Indium Oxide), for
example, magnesium (Mg), calcium (Ca), and strontium (Sr) are preferable.

A film thickness of the hole transporting layer can be appropriately selected
depending on the intended purpose. For example, the film thickness thereof is
preferably 100 nm or less, particularly preferably from about 5 nm through about 30
nm.

A method for forming a film of the inorganic EL thin film layer is not particularly
limited and may be appropriately selected depending on the intended purpose.
Examples thereof include the vacuum methods of the film formation (e.g., the CVD
method and the ALD method) and the printing methods such as the spin coating

method and the slit die coating method.
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A sealing film or other components can be appropriately selected depending on the
intended purpose.

A substrate is not particularly limited and may be appropriately selected depending
on the intended purpose. Examples thereof include a glass substrate and a plastic
substrate.

A method of film formation of electrode layers (anode and cathode) is not par-
ticularly limited and may be appropriately selected depending on the intended purpose.
Examples thereof include the vacuum methods of the film formation (e.g., the
sputtering method, the CVD method, and the vacuum vapor deposition method), and
the printing methods such as the spin coating method, and the slit die coating method.

<Production method of inorganic EL element>

A method for producing the inorganic EL element is not particularly limited and may
be appropriately selected depending on the intended purpose. The method for
producing the inorganic EL element includes, for example, a step of forming the
inorganic EL thin film layer using a coating liquid for forming inorganic EL thin film,
and further includes other steps if necessary.

Note that, the coating liquid for forming inorganic EL thin film is a coating liquid for
forming at least one of the hole transporting layer, the light emitting layer, and the
electron transporting layer, which constitute the inorganic EL thin layer.

-Coating liquid for forming inorganic EL thin film-

The coating liquid for forming inorganic EL thin film is preferably obtained by
dissolving, in a solvent, a metal element constituting a light emitting layer, a p-type
oxide semiconductor, and n-type oxide semiconductor in the form of at least one
selected from the group consisting of an oxide, an inorganic salt, a carboxylate, an
organic compound, and an organometallic. The oxide, the inorganic salt, the car-
boxylate, the organic compound, or the organometallic may homogeneously be
dissolved in the solvent and may be dissociated to form ions. When the oxide, the
inorganic salt, the carboxylate, the organic compound, or the organometallic is
dissolved in the coating liquid for forming inorganic EL thin film, segregation of the
concentration in the coating liquid for forming inorganic EL thin film hardly occurs.
Therefore, the coating liquid for forming inorganic EL thin film can be used for a long
period of time. Moreover, a thin film prepared using this coating liquid also has a
uniform formulation. Therefore, when the coating liquid is used in the inorganic EL
thin film, uniformity of properties is also favorable.

Preferable examples of material of the luminescent center constituting a coating
liquid for forming light emitting layer that is one example of the coating liquid for
forming inorganic EL thin film include transition metal compounds including, for

example, titanium (Ti), chromium (Cr), manganese (Mn), and tungsten (W), and rare



10

WO 2019/181686 PCT/JP2019/010244

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

earth metal compounds including, for example, cerium (Ce), praseodymium (Pr),
neodymium (Nd), samarium (Sm), europium (Eu), gadolinium (Gd), terbium (Tb),
dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), and ytterbium (Yb).

Hereinafter, the aforementioned compounds, each of which are the material of the lu-
minescent center constituting the coating liquid for forming light emitting layer, will
be exemplified.

<<Manganese (Mn)-including compound>>

The manganese (Mn)-including compound is not particularly limited and may be ap-
propriately selected depending on the intended purpose. Examples thereof include
organic manganese compounds and inorganic manganese compounds.

-Organic manganese compound-

The organic manganese compound is not particularly limited and may be appro-
priately selected depending on the intended purpose, so long as it is a compound
including manganese and an organic group. The manganese and the organic group are
bound via, for example, an ionic bond, a covalent bond, or a coordination bond.

The organic group is not particularly limited and may be appropriately selected
depending on the intended purpose. Examples of the organic group include alkoxy
groups that may have a substituent, acyloxy groups that may have a substituent, and
acetylacetonato groups that may have a substituent. Examples of the alkoxy groups
include alkoxy groups including 1 through 6 carbon atoms. Examples of the acyloxy
groups include acyloxy groups including 1 through 10 carbon atoms.

Examples of the substituent include halogen and a tetrahydrofuryl group.

Examples of the organic manganese compound include manganese(Il) acetate
tetrahydrate, manganese(Il) benzoate tetrahydrate, manganese(I1I) acetylacetonato, and
manganese(Il) 2-ethylhexanoate.

-Inorganic manganese compound-

The inorganic manganese compound is not particularly limited and may be appro-
priately selected depending on the intended purpose. Examples thereof include
manganese oxoacids, manganese halides, and manganese oxides.

Examples of the manganese oxoacids include manganese nitrate, manganese sulfate,
and manganese carbonate.

Examples of the manganese halides include manganese fluoride, manganese chloride,
manganese bromide, and manganese iodide.

Among them, manganese(Il) nitrate tetrahydrate and manganese(Il) chloride
tetrahydrate are more preferable in terms of high solubility to various solvents.

As these manganese-including compounds, a synthesized product may be used, or a
commercially available product may be used.

<<Europium (Eu)-including compound>>
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The europium (Eu)-including compound is not particularly limited and may be appro-
priately selected depending on the intended purpose. Examples thereof include organic
europium compounds and inorganic europium compounds.

-Organic europium compound-

The organic europium compound is not particularly limited and may be appropriately
selected depending on the intended purpose, so long as it is a compound including
europium and an organic group. The europium and the organic group are bound via,
for example, an ionic bond, a covalent bond, or a coordination bond.

The organic group is not particularly limited and may be appropriately selected
depending on the intended purpose. Examples of the organic group include alkoxy
groups that may have a substituent, acyloxy groups that may have a substituent, and
acetylacetonato groups that may have a substituent. Examples of the alkoxy groups
include alkoxy groups including 1 through 6 carbon atoms. Examples of the acyloxy
groups include acyloxy groups including 1 through 10 carbon atoms.

Examples of the substituent include halogen and a tetrahydrofuryl group.

Examples of the organic europium compound include europium(IIl) acetate hydrate,
europium(IIl) acetylacetonato hydrate, and europium(III) 2-ethylhexanoate.

-Inorganic europium compound-

The inorganic europium compound is not particularly limited and may be appro-
priately selected depending on the intended purpose. Examples thereof include
europium oxoacids, europium halides, and europium oxides.

Examples of the europium oxoacids include europium nitrate, europium sulfate, and
europium carbonate.

Examples of the europium halides include europium fluoride, europium chloride,
europium bromide, and europium iodide.

Among them, europium(IIl) nitrate hexahydrate, europium(IlI) chloride hexahydrate,
and europium(III) sulfate octahydrate are more preferable in terms of high solubility to
various solvents.

As these europium-including compounds, a synthesized product may be used, or a
commercially available product may be used.

As described above, the compounds including manganese (Mn) and the compounds
including europium (Eu) are described in detail.

The same description is also applicable to, for example, titanium (Ti), chromium
(Cr), copper (Cu), tungsten (W), cerium (Ce), praseodymium (Pr), neodymium (Nd),
samarium (Sm), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho),
erbium (Er), thulium (Tm), and ytterbium (YDb).

The same description is also applicable to, for example, beryllium (Be), magnesium

(Mg), calcium (Ca), strontium (Sr), barium (Ba), scandium (Sc), yttrium (Y),
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lanthanum (La), lutetium (Lu), boron (B), aluminium (Al), gallium (Ga), silicon (Si),
germanium (Ge), antimony (Sb), bismuth (Bi), and tellurium (Te), which constitute
one example of the light emitting layer.

The same description is also applicable to, for example, nickel (Ni), copper (Cu), zinc
(Zn), ruthenium (Ru), rhodium (Rh), thallium (T1), tin (Sn), lead (Pb), antimony (Sb),
bismuth (B1), and tellurium (Te), which constitute one example of the hole transporting
layer.

The same description is also applicable to, for example, zinc (Zn), cadmium (Cd),
gallium (Ga), indium (In), thallium (T1), germanium (Ge), tin (Sn), lead (Pb), bismuth
(B1), titanium (T1), and tungsten (W), which constitute one example of the electron
transporting layer.

(Display element)

A display element of the present disclosure includes at least an optical control
element and a driving circuit configured to drive the optical control element. The
display element further includes other components if necessary.

<Optical control element>

The optical control element is an element configured to control light output
according to a driving signal and may include other kinds of optical control elements
so long as the other kinds of optical control elements include the inorganic EL element
of the present disclosure. The other kinds of optical control elements are not par-
ticularly limited and may be appropriately selected depending on the intended purpose.
Examples thereof include organic electroluminescent (EL) elements, electrochromic
(EC) elements, liquid crystal elements, electrophoretic elements, and electrowetting
elements.

<Driving circuit>

The driving circuit is not particularly limited and may be appropriately selected
depending on the intended purpose. The driving circuit preferably includes a field-
effect transistor such as a thin film transistor (TFT) containing an a-Si, LTPS, or an
oxide semiconductor as an active layer.

<Other components>

The other components are not particularly limited and may be appropriately selected
depending on the intended purpose.

The display element of the present invention includes the inorganic EL element of
the present disclosure. Therefore, the display element emits light at a low voltage and a
high efficiency and realizes long lifetime because of less change over time.

(Image display device)

An image display device of the present disclosure includes at least a plurality of

display elements, a plurality of wired lines, and a display control device. The image



13

WO 2019/181686 PCT/JP2019/010244

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

display device further includes other components if necessary.

<Display element>

The display element is not particularly limited and may be appropriately selected
depending on the intended purpose, so long as the display element is the display
element of the present disclosure arranged in a form of matrix.

<Wired line>

The wired line is not particularly limited and may be appropriately selected
depending on the intended purpose, so long as it is possible to individually apply gate
voltage and image data signal to the field-effect transistors in the plurality of display
elements.

<Display control device>

The display control device is not particularly limited and may be appropriately
selected depending on the intended purpose, so long as it is possible to individually
control the gate voltage and the signal voltage of the field-effect transistors via the
plurality of wired lines correspondingly to the image data.

<Other components>

The other components are not particularly limited and may be appropriately selected
depending on the intended purpose.

An image display device of the present disclosure includes the display element of the
present disclosure. Therefore, the image display device has long lifetime and is stably
driven.

The image display device of the present disclosure can be used as a display unit in
mobile information devices (e.g., mobile phones, portable music players, portable
video players, electronic books, and personal digital assistants (PDAs)) and camera
devices (e.g., still cameras and video cameras). The image display device can also be
used for display units of various pieces of information in transportation systems (e.g.,
cars, aircraft, trains, and ships). Furthermore, the image display device can be used for
display units of various pieces of information in measuring devices, analysis devices,
medical equipment, and advertising media.

(System)

A system of the present disclosure includes at least the image display device of the
present disclosure and an image-data-generating device.

The image-data-generating device is configured to generate image data based on
image information to be displayed and to output the image data to the image display
device.

Because the system of the present disclosure includes the image display device of the
present disclosure, image information with high definition can be displayed.

The image display device of the present disclosure will next be described hereinafter.
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The image display device of the present disclosure can be obtained by employing, for
example, configurations described in paragraphs 0059 to 0060 and FIGs. 2 and 3 of
Japanese Unexamined Patent Application Publication No. 2010-074148.

One example of the embodiment of the present disclosure will next be described with
reference to the figures.

FIG. 2 is a diagram presenting a display in which display elements are arranged in a
form of matrix. As presented in FIG. 2, the display includes “n” scanning lines (X0,
X1, X2, X3, ... Xn-2, Xn-1) arranged along the X axis direction at constant intervals,
“m” data lines (Y0, Y1, Y2, Y3, ... Ym-1) arranged along the Y axis direction at
constant intervals, and “m” current supply lines (YOi, Y11, Y2i, Y3i, ... Ym-1i)
arranged along the Y axis direction at constant intervals. Here, meanings of reference
numerals (for example, X1 and Y1) are in common throughout FIGs. 3 and 6.

Therefore, the display element 302 can be identified by the scanning lines and the
data lines.

FIG. 3 is a schematic structural diagram presenting one example of the display
element of the present disclosure.

As presented as one example in FIG. 3, the display element includes an inorganic
electroluminescent (EL) element 350 and a drive circuit 320 configured to allow the
inorganic EL element 350 to emit light. That is, a display 310 is an inorganic ELL
display of a so-called active matrix system. Moreover, the display 310 is a 55-inch
display adaptable to colors. A size of the display 310 is not limited to 55 inches.

The drive circuit 320 in FIG. 3 will be described.

The drive circuit 320 includes two field-effect transistors 10 and 20 and a capacitor
30.

A field-effect transistor 10 serves as a switching element. A gate electrode G of the
field-effect transistor 10 is coupled to a predetermined scanning line and a source
electrode S of the field-effect transistor 10 is coupled to a predetermined data line.
Moreover, a drain electrode D of the field-effect transistor 10 is coupled to one
terminal of the capacitor 30.

The field-effect transistor 20 is configured to supply electric current to the inorganic
EL element 350. The gate electrode G of the field-effect transistor 20 is coupled to the
drain electrode D of the field-effect transistor 10. The drain electrode D of the field-
effect transistor 20 is coupled to the anode of the inorganic EL element 350 and a
source electrode S of the field-effect transistor 20 is coupled to a predetermined current
supply line.

The capacitor 30 is configured to memorize the state of the field-effect transistor 10;
i.e., data. The other terminal of the capacitor 30 is coupled to a predetermined current

supply line.
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When the field-effect transistor 10 turns into the state of “on”, image data are stored
in the capacitor 30 via the signal line Y2. Even after the field-effect transistor 10 turns
into the state of “off”, the inorganic EL. element 350 is driven by maintaining the “on”
state of the field-effect transistor 20 corresponding to the image data.

FIG. 4 presents one example of a positional relationship between an inorganic EL
element 350 and a field-effect transistor 20 serving as a drive circuit in a display
element. Here, the inorganic EL element 350 is disposed next to the field-effect
transistor 20. Note that, a field-effect transistor and a capacitor (not illustrated) are also
formed on the same substrate.

A passivation film is suitably disposed on or above the active layer 22, although the
passivation film is not illustrated in FIG. 4. As a material of the passivation film, SiO,,
SiNx, Al,Os, and fluoropolymers may be appropriately used.

As presented in FIG. 5, for example, the inorganic EL element 350 may be disposed
on the field-effect transistor 20. In the case of this structure, the gate electrode 26 is
required to have transparency. Therefore, a conductive transparent oxide (e.g., ITO, In,
03, Sn0O,, ZnO, Ga-doped ZnO, Al-doped ZnO, and Sb-doped SnO,) is used for the
gate electrode 26. Note that, the reference numeral 360 is an interlayer insulating film
(a leveling film). Polyimide or acrylic resins can be used for the insulating film.

In FIGs. 4 and 5, the field-effect transistor 20 includes a substrate 21, an active layer
22, a source electrode 23, a drain electrode 24, a gate insulating layer 25, and a gate
electrode 26. An inorganic EL element 350 includes a cathode 312, an anode 314, and
an inorganic EL thin film layer 340.

FIG. 6 is a schematic structural diagram presenting another example of the image
display device of the present disclosure.

In FIG. 6, the image display device includes display elements 302, wired lines
(including scanning lines, data lines, and current supply lines), and a display control
device 400.

The display control device 400 includes an image-data-processing circuit 402, a
scanning-line-driving circuit 404, and a data-line-driving circuit 406.

The image-data-processing circuit 402 determines brightness of a plurality of display
elements 302 in the display based on output signals of an image output circuit.

The scanning-line-driving circuit 404 individually applies voltage to “n” scanning
lines according to the instructions of the image-data-processing circuit 402.

The data-line-driving circuit 406 individually applies voltage to “m” data lines
according to the instructions of the image-data-processing circuit 402.

As described above, the case where the system of the present disclosure is a
television device has been described. However, the system of the present disclosure is

not limited to the television device. The system is not particularly limited, so long as
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the system includes the image display device serving as a device configured to display
images and information. For example, the system may be a computer system in which

a computer (including a personal computer) is coupled to the image display device.
[0089] A system of the present disclosure includes the display element of the present

disclosure. Therefore, the system has long lifetime and is stably driven.
Examples
[0090]  The present disclosure will next be described by way of Examples, but the present
disclosure should not be construed as being limited to these Examples.
[0091]  (Production Example 1-1)
<Preparation of coating liquid for forming light emitting layer>
Lanthanum 2-ethylhexanoate (50 mmol) and europium 2-ethylhexanoate (2 mmol)
were weighed. Then, they were mixed with 2-ethylhexanoic acid (octylic acid) (1,000
mL) at room temperature to be dissolved to prepare a coating liquid for forming light
emitting layer (coating liquid 1-1).
[0092]  (Production Example 2-1)
<Preparation of coating liquid for forming electron transporting layer>
Zinc acetate dehydrate (10 mmol), gallium nitrate octahydrate (10 mmol), and
indium nitrate trihydrate (10 mmol) were each weighed. Then, they were mixed with
ethylene glycol monomethyl ether (300 mL), propylene glycol (300 mL), and ethanol
(300 mL) at room temperature to be dissolved to prepare a coating liquid for forming
electron transporting layer (coating liquid 2-1).
[0093]  (Production Example 3-1)
<Preparation of coating liquid for forming hole transporting layer>
Copper nitrate trihydrate (25 mmol) and magnesium nitrate hexahydrate (25 mmol)
were weighed. Then, they were mixed with ethylene glycol monomethyl ether (400
mL), propylene glycol (400 mL), and ethanol (400 mL) at room temperature to be
dissolved to prepare a coating liquid for forming hole transporting layer (coating liquid
3-1).
[0094] (Example 1)
<Preparation of inorganic EL element>
On an alkali-free glass substrate (with patterning ITO electrode film 100 nm) that had
been subjected to UV ozone cleaning, the coating liquid 3-1 was printed using a spin
coating device. The substrate was dried using a hot plate at 120 degrees Celsius for 3
minutes and was baked at 400 degrees Celsius for 1 hour in the atmosphere to obtain a
hole transporting layer having a thickness of 40 nm.
[0095]  The substrate was further subjected to UV ozone cleaning. Then, the coating liquid

1-1 was printed thereon using a spin coating device. The substrate was dried using a
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hot plate at 120 degrees Celsius for 3 minutes and was baked at 400 degrees Celsius
for 1 hour in the atmosphere to stack a light emitting layer having a thickness of 20
nm.

The substrate was further subjected to UV ozone cleaning. Then, the coating liquid
2-1 was printed thereon using a spin coating device. The substrate was dried using a
hot plate at 120 degrees Celsius for 3 minutes and was baked at 400 degrees Celsius
for 1 hour in the atmosphere to stack an electron transporting layer having a thickness
of 40 nm.

Finally, aluminium was used to form a film using vacuum vapor deposition through a
metal mask to stack an Al cathode having a thickness of 100 nm.

<Evaluation>

The inorganic EL element produced in Example 1 was measured for luminescence
characteristics.

When direct voltage was applied between the electrodes, the voltage-current charac-
teristic as presented in FIG. 7 was exhibited. In addition, favorable red luminescence
characteristic of europium was exhibited at 4 V.

Note that, in FIG. 7, “e¢” denotes the exponent of 10. Specifically, “e —6” denotes
“107°”.

In addition, the inorganic EL element produced in Example 1 was measured for EL
spectrum. Results were presented in FIG. 8.

(Production Example 1-2 to Production Example 1-6)

<Preparation of coating liquid for forming light emitting layer>

Each coating liquid for forming light emitting layer (coating liquid 1-2 to coating
liquid 1-6) was prepared in the same manner as in Production Example 1-1 except that

the materials in Production Example 1-1 were changed to materials described in Table
1.

[Table 1]
Gioating
Fraduction Matorial A Matncial 8 Meckorial & Sahvert O Solveed: £ Solvent. F
fiogeeict
Exarmpte : : 4 1 : : ¢
ta Compooid & oot § Compoing | mmol Dompound | mmal § Compound | mb | Compound | wl. | Compound | mb
1 Deyylic
Eid 13 Laf{CuHal 46 : EulCettalehy | 2 [
: H N antd
: : THHO | : : i
2 -2 YOI B0 50 : I EGME 300 EG. 1300} MeOR | 400
$H. 0 : : : :
: ROy | z | 1
-3 =3 ANCRoH,0 | 40 P20 EuCi-8H0 1§ PGME 300 PG 300 =HOH | 400
: GH.O N : H 3
Callys N : : 2
-4 14 Lalll /0 1 HO - wWook 1 2 OME @ 800 PG DEOH ] MeOH 83D
: 0 ; : : :
1§ 5L Moo | 108 CeOemuC |t | BBPE 800 | PG ison] A doo
TeNQe :
-5 16§ LaNO-0H0 | 45 | el BHO L 5 Loz EGME | a00 T Ao HG e
: H §H.C : : : :
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[0106]

(Production Example 2-2 to Production Example 2-4)

<Preparation of coating liquid for forming electron transporting layer>

Each coating liquid for forming electron transporting layer (coating liquid 2-2 to
coating liquid 2-4) was prepared in the same manner as in Production Example 2-1
except that the materials in Production Example 2-1 were changed to materials
described in Table 2.

[Table 2]
Coating
Production Material A, Material 8 Watena O Folvent 13 Solvent € Solvent F
tinquidt
Emamplg  Foooooo s o bRt SRR SRR T S R SR S SRR SRR
Ne Gompound 1 mmal Compound mimal Compound mmal | L d 1wl § Compound ml § G d © mi
ZCHOI0 | SANOOERA | 0 E §
-1 21 T} : EGME 300 PG 300] EWOK 300
o NG 30 10 : : :
22 22 | ZoOA-HO | 125 | AnCleSHe 60 BGFE (0] BRI W0] MeOH 200
» » MalNOd : ) o : {
23 23 186 (RO 3H,0 15 ] ThiNOG~8H0 : 5 PAME 300 £& : 300 A 200
AH : : :
2-4 24 | LalHOMABHO | 10 | NG | 185 | TmOhTHG | S EGME (300 EG [ %00) H2O 300

(Production Example 3-2 to Production Example 3-4)

<Preparation of coating liquid for forming hole transporting layer>

Each coating liquid for forming hole transporting layer (coating liquid 3-2 to coating
liquid 3-4) was prepared in the same manner as in Production Example 3-1 except that
the materials in Production Example 3-1 were changed to materials described in Table
3.

[Table 3]
Coating
Production i $atorist A Haterial 8 Materfal C Splvent B Sotvent E Selvent F
Fqui
Example oo Rt TR R L ISR R ST Rl SRR oo
No Compound ¢ wmod | Comprupd i Sompound | weol | G d ¢+ oml | Gompotind | L | 3wt
BuDYr Mg Nds - | i P i
31 31 . 28 S } EGME 400 Phi A0 CHOH 400
30 : BHG : ; ;
32 52 | CulGuttaldy | B0 | SniGHedd, Tolwne 300 ] A8 %0
-3 33| DOy | B0 | B edde | Or Bty | 1 | Kyleme (3061 B 300
3-4 34 | Qubl-2RG B0 | BaClk -0 | 8D | ToCl-8HO | B | EGIPE (300{ B8 | 300| MeOW 300

(Production Example 4-1 to Production Example 4-2)

<Preparation of coating liquid for forming hole injecting layer and coating liquid for
forming electron injecting layer>

A coating liquid for forming hole injecting layer (coating liquid 4-1) and a coating
liquid for forming electron injecting layer (coating liquid 4-2) were prepared in the
same manner as in Production Example 1-1 except that the materials in Production

Example 1-1 were changed to materials described in Table 4.
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[Table 4]
Onating
Produstion { Material A Material B Materiad © Zotvent O Solvent € Salvera F
Ex@fﬂﬂtﬂ .................... ik IRPARRARRERRELEEN . . ....................... .......
Compound | mmot | Compound | mmef | & g omb | G d: mk |G d L oml

4 4t | D0y | T80 | CulObiuOad | 4 = o | Tolses (400 OMB 400
&2 42 | DANOJoRO | 80 | MOedHO | 15 | SoCYeRE0. & EGME 308] PG (300] MeOH. 900

[0107] The materials in Table 1 to Table 4 are as follows.
<Table 1 * material A>
La(CgH50,);: Lanthanum 2-ethylhexanoate
Y(NO;); * 6H,O: Yttrium nitrate hexahydrate
AI(NO;); * 9H,0O: Aluminium nitrate nonahydrate
LaCl; - 7H,O: Lanthanum chloride heptahydrate
AICl; » 6H,O: Aluminium chloride hexahydrate
La(NO;); * 6H,0O: Lanthanum nitrate hexahydrate
<Table 1 * material B>
Mg(NO;), - 6H,O: Magnesium nitrate hexahydrate
CaCl, * 2H,0: Calcium chloride dehydrate
SrCl, + 6H,0O: Strontium chloride hexahydrate
<Table 1 * material C>
Eu(CsH,50,);: Europium 2-ethylhexanoate
Tb(NOs); * 6H,0: Terbium nitrate hexahydrate
EuCl; + 6H,O: Europium chloride hexahydrate
W(CO)s: Tungsten carbonyl
CrCl; - 6H,O: Chromium chloride hexahydrate
Tm(NOs); * 6H,O: Thulium nitrate hexahydrate
[0108] <Table 2 * material A>
Zn(CH;COQ), * 2H,0: Zinc acetate dehydrate
Zn(NO;), - 6H,O: Zinc nitrate hexahydrate
Mg(NO;), - 6H,O: Magnesium nitrate hexahydrate
La(NO;), * 6H,0O: Lanthanum nitrate hexahydrate
<Table 2 * material B>
Ga(NO;); * 8H,O: Gallium nitrate octahydrate
In(NO;); * 3H,0: Indium nitrate trihydrate
SnCl, * 5SH,O: Tin chloride pentahydrate
<Table 2 * material C>
Tb(NOs); * 6H,O: Terbium nitrate hexahydrate
TmCl; *+ 7H,O: Thulium chloride heptahydrate
[0109] <Table 3 * material A>
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[0110]

[0111]

Cu(NO:s), * 3H,0O: Copper nitrate trihydrate
Cu(CyH90,),: Copper neodecanoate
TI(CsH;50,): Thallium 2-ethylhexanoate
CuCl, « 2H,0O: Copper chloride dehydrate
<Table 3 * material B>
Mg(NO:s), - 6H,O: Magnesium nitrate hexahydrate
Sn(CgH 50,),: Tin 2-ethylhexanoate
Bi(C3H;50,);: Bismuth tris(2-ethylhexanoate)
BaCl, + 2H,0: Barium chloride dehydrate
<Table 3 * material C>
Cr(CgH;50,);: Chromium tris(2-ethylhexanoate)
TbCl; « 6H,0 : Terbium chloride hexahydrate
<Table 4 + material A>
Cu(CpH50,),: Copper neodecanoate
Cd(NOs), * 2H,0: Cadmium nitrate dehydrate
<Table 4 * material B>
Ca(CsH50,),: Calcium 2-ethylhexanoate
InCl; + 4H,O: Indium chloride tetrahydrate
<Table 4 * material C>
SnCl, * 5SH,O: Tin chloride pentahydrate

<Table 1 to Table 4 * solvent D>

Octylic acid

EGME: Ethylene glycol monomethyl ether

PGME: Propylene glycol 1-monomethyl ether

DMF: N,N-dimethylformamide

EGIPE: Ethylene glycol monoisopropyl ether

Toluene: Toluene

Xylene: Xylene

<Table 1 to Table 4 * solvent E>

EG: Ethylene glycol

PG: Propylene glycol

CHB: Cyclohexylbenzene

<Table 1 to Table 4 * solvent F>

MeOH: Methanol

EtOH: Ethanol

IPA: Isopropanol

H,O: Water

(Example 2)
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<Preparation of inorganic EL element>
An inorganic EL element was prepared in the same manner as in Example 1 except
that the hole transporting layer (HTL), the light emitting layer (EML), and the electron
transporting layer (ETL) were produced using coating liquids described in Table 5.
The prepared inorganic EL element was evaluated in the same manner as in Example
1.
Note that, in the inorganic EL element of Example 2, the oxide film as the hole
transporting layer is a p-type oxide semiconductor doped with the luminescent center
and functions as the light emitting layer.

(Examples 3 and 4)

<Preparation of inorganic EL element>

[0112]

An inorganic EL element was prepared in the same manner as in Example 1 except
that an anode and a cathode described in Table 5 were used, and the hole transporting
layer (HTL), the light emitting layer (EML), and the electron transporting layer (ETL)
were prepared using coating liquids described in Table 5.

The prepared inorganic EL element was evaluated in the same manner as in Example
1.

Note that, in the inorganic EL element of Example 3, the oxide film as the electron
transporting layer is an n-type oxide semiconductor doped with the luminescent center

and functions as the light emitting layer.

[0113] [Table 5]
Ancde | HTL EML ETL Cathiods
L Fim | " Fim " Film C Fim Film
Example - Coating ; Coating | Coating :
i thickness | ¢ thickness - thicknese : thickness i thickness
b fiquid ! fiquid. | fiquid » d
(o lom) Gy {nm} Y ()
t {mol 100 | 3 40 1-1 20 2-1 40 A 100
2 IFG | D - -~ -4 = 80 2-2 50 AL o
3 [ASC | 100 3-2 56 9~4 50 - - 7o 4 100
4 |Asc) 100 31 4 1-4 20 22 40 wo | 100
[0114]  In Table 5, “ITO” represents “tin-doped indium oxide” and “ASC” represents

[0115]

[0116]

“aluminium (Al)-silicon (Si)-copper (Cu) alloy”.

FIG. 9 presented a schematic diagram of an energy diagram of the inorganic EL

elements produced in Examples 1 and 4.

FIG. 10 presented a schematic diagram of an energy diagram of the inorganic EL.

element produced in Example 2.

FIG. 11 presented a schematic diagram of an energy diagram of the inorganic EL.

element produced in Example 3.
(Example 5)
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[0123]

<Preparation of inorganic EL element>

On an alkali-free glass substrate (with patterning ITO electrode film 100 nm) that had
been subjected to UV ozone cleaning, the coating liquid 4-1 was printed using a spin
coating device. The substrate was dried using a hot plate at 120 degrees Celsius for 3
minutes and was baked at 400 degrees Celsius for 1 hour in the atmosphere to obtain a
hole injecting layer (HIL) having a thickness of 30 nm.

The substrate was further subjected to UV ozone cleaning. Then, the coating liquid
3-3 was printed thereon using a spin coating device. The substrate was dried using a
hot plate at 120 degrees Celsius for 3 minutes and was baked at 400 degrees Celsius
for 1 hour in the atmosphere to stack a light emitting layer that has a thickness of 30
nm and functions as the hole transporting layer (hole transporting layer that functions
as the light emitting layer).

The substrate was further subjected to UV ozone cleaning. Then, the coating liquid
2-2 was printed thereon using a spin coating device. The substrate was dried using a
hot plate at 120 degrees Celsius for 3 minutes and was baked at 400 degrees Celsius
for 1 hour in the atmosphere to stack an electron transporting layer having a thickness
of 60 nm.

Finally, aluminium was used to form a film using a film using vacuum vapor de-
position through a metal mask to stack an Al cathode having a thickness of 100 nm.

(Example 6)

<Preparation of inorganic EL element>

On an alkali-free glass substrate (with patterning ITO electrode film 100 nm) that had
been subjected to UV ozone cleaning, the coating liquid 3-2 was printed using a spin
coating device. The substrate was dried using a hot plate at 120 degrees Celsius for 3
minutes and was baked at 400 degrees Celsius for 1 hour in the atmosphere to obtain a
hole transporting layer having a thickness of 60 nm.

The substrate was further subjected to UV ozone cleaning. Then, the coating liquid
2-3 was printed thereon using a spin coating device. The substrate was dried using a
hot plate at 120 degrees Celsius for 3 minutes and was baked at 400 degrees Celsius
for 1 hour in the atmosphere to stack a light emitting layer having a thickness of 30 nm
that functions as the electron transporting layer (electron transporting layer that
functions as the light emitting layer).

The substrate was further subjected to UV ozone cleaning. Then, the coating liquid
4-2 was printed thereon using a spin coating device. The substrate was dried using a
hot plate at 120 degrees Celsius for 3 minutes and was baked at 400 degrees Celsius
for 1 hour in the atmosphere to stack an electron injecting layer (EIL) having a
thickness of 30 nm.

Finally, aluminium was used to form a film using a film using vacuum vapor de-
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position through a metal mask to stack an Al cathode having a thickness of 100 nm.
Layer structures of the inorganic EL elements of Examples 5 and 6 were presented in
Table 6.

[Table 6]
Anors BIL YL EML ETL EfL Cathads
Fifm L Fikn ' Fim L fim Fim U Sim { rem
Exampla : Coating ° Boating © Coating Conting Cnating :
| thickhass ! thicknees } tho | thick fi | thickhass : thicknnss
: liquiid lpahd Bauid ! lquin Bauid :
{nim) {nerd Y {orey {rom) L e Seazd
s fmol wo {4t i m - i = I =2 8 ~ = mi o0
& |moi o O 2 1 A0 =3 | w - - sz o2 s w0
FIG. 12 presented a schematic diagram of an energy diagram of the inorganic EL.

element produced in Example 5.

FIG. 13 presented a schematic diagram of an energy diagram of the inorganic EL
element produced in Example 6.

Similarly to the inorganic EL element of Example 1, the inorganic EL elements of
Examples 2 to 6 also exhibited favorable voltage-current characteristics and emission
spectrum. That is, they were a direct-current-driven inorganic EL element that emits
light at a sufficiently low voltage and a sufficiently high efficiency.

As described above, the inorganic EL element of the present disclosure can provide a
stable light emitting element at a low voltage and a high efficiency. In addition, the
image display device of the present disclosure is suitable for displaying an image with
high quality on a large screen. The system of the present disclosure can display image
information with high precision and can be suitably used for, for example, television
devices, computer systems, and smartphones.

Aspects of the present disclosure are as follows, for example.

<1> An inorganic EL element including:

an anode;

a hole transporting layer;

a light emitting layer;

an electron transporting layer; and

a cathode,

the anode, the hole transporting layer, the light emitting layer, the electron
transporting layer, and the cathode being stacked,

wherein the hole transporting layer is an oxide film,

the light emitting layer is an oxide film, and

the electron transporting layer is an oxide film.

<2> The inorganic EL element according to <1>,

wherein the oxide film as the hole transporting layer is a p-type oxide semiconductor.

<3> The inorganic EL element according to <I1> or <2>,
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wherein the oxide film as the electron transporting layer is an n-type oxide semi-
conductor.

<4> The inorganic EL element according to any one of <I1> to <3>,

wherein the oxide film as the light emitting layer is formed of an oxide doped with a
luminescent center.

<5> The inorganic EL element according to any one of <I1> to <4>,

wherein the oxide film as the hole transporting layer is a p-type oxide semiconductor
doped with a luminescent center and functions as the light emitting layer.

<6> The inorganic EL element according to any one of <I1> to <5>,

wherein the oxide film as the electron transporting layer is an n-type oxide semi-
conductor doped with a luminescent center and functions as the light emitting layer.
<7> The inorganic EL element according to any one of <4> to <6>,

wherein the luminescent center is a transition metal ion or a rare earth ion.

<8> The inorganic EL element according to any one of <4> to <7>,

wherein the luminescent center includes at least one selected from the group consisting
of titanium (Ti), chromium (Cr), manganese (Mn), copper (Cu), tungsten (W), cerium
(Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), and ytterbium (YDb).

<9> The inorganic EL element according to any one of <4> to <6>,

wherein, in the oxide film as the light emitting layer, an oxide having a band gap
energy equal to or higher than excitation energy of the luminescent center is a host of
the luminescent center.

<10> The inorganic EL element according to any one of <4> to <6>,

wherein, in the oxide film as the light emitting layer, an oxide having a band gap
energy equal to or higher than luminescent energy of the luminescent center is a host
of the luminescent center.

<11> The inorganic EL element according to any one of <1> to <10>,

wherein the oxide film as the light emitting layer is an oxide including at least one
selected from the group consisting of beryllium (Be), magnesium (Mg), calcium (Ca),
strontium (Sr), barium (Ba), scandium (Sc), yttrium (Y), lanthanum (La), lutetium
(Lu), boron (B), aluminium (Al), gallium (Ga), silicon (Si), germanium (Ge), antimony
(Sb), bismuth (B1), and tellurium (Te).

<12> The inorganic EL element according to <1> to <11>,

wherein the oxide film as the hole transporting layer is a p-type oxide semiconductor
including at least one selected from the group consisting of nickel (Ni), copper (Cu),
zinc (Zn), ruthenium (Ru), rhodium (Rh), thallium (T1), tin (Sn), lead (Pb), antimony
(Sb), bismuth (B1), and tellurium (Te).
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<13> The inorganic EL element according to any one of <1> to <12>,

wherein the oxide film as the electron transporting layer is an n-type oxide semi-
conductor including at least one selected from the group consisting of zinc (Zn),
cadmium (Cd), gallium (Ga), indium (In), thallium (T1), germanium (Ge), tin (Sn), lead
(Pb), bismuth (Bi), titanium (Ti), and tungsten (W).

<14> The inorganic EL element according to <13>,

wherein the oxide film as the electron transporting layer is the n-type oxide semi-
conductor further including at least one selected from the group consisting of beryllium
(Be), magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba), scandium (Sc),
yttrium (Y), lanthanoid (L.n), boron (B), aluminium (Al), silicon (Si), antimony (Sb),
and tellurium (Te).

<15> The inorganic EL element according to <1>,

wherein the oxide film as the light emitting layer is an amorphous oxide film,

the oxide film as the hole transporting layer is an amorphous oxide film, and

the oxide film as the electron transporting layer is an amorphous oxide film.

<16> The inorganic EL element according to <1>,

wherein the inorganic EL element is a direct-current-driven inorganic EL element.
<17> A display element including:

an optical control element that includes the inorganic EL element according to any one
of <1> to <16> and is configured to control light output according to a driving signal;
and

a driving circuit configured to drive the optical control element.

<18> An image display device configured to display an image corresponding to image
data, the image display device including:

a plurality of display elements arranged in a form of matrix, each of the plurality of
display elements being the display element according to <17> and the driving circuits
including field-effect transistors;

a plurality of wired lines configured to individually apply gate voltage and signal
voltage to the field-effect transistors in the plurality of display elements; and

a display control device configured to individually control the gate voltage and the
signal voltage of the field-effect transistors via the plurality of wired lines corre-
spondingly to the image data.

<19> A system including:

the image display device according to <18>; and

an image-data-generating device configured to generate image data based on image in-
formation to be displayed and to output the image data to the image display device.
Reference Signs List
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10, 20 field-effect transistor
21 substrate

22 active layer

23 source electrode

24 drain electrode

25 gate insulating layer

26 gate electrode

302 display element

310 display

320 pixel circuit

340 inorganic EL thin film layer
342 electron transporting layer
344 light emitting layer

346 hole transporting layer
350 inorganic EL element

400 display control device
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[CLAIMS]

[Claim 1]

An inorganic EL element comprising:

an anode;

a hole transporting layer;

a light emitting layer;

an electron transporting layer; and

a cathode,

the anode, the hole transporting layer, the light emitting layer, the
electron transporting layer, and the cathode being stacked,
wherein the hole transporting layer is an oxide film,

the light emitting layer is an oxide film, and

the electron transporting layer is an oxide film.

[Claim 2]

The inorganic EL element according to claim 1,

wherein the oxide film as the hole transporting layer is a p-type oxide
semiconductor.

[Claim 3]

The inorganic EL element according to claim 1 or 2,

wherein the oxide film as the electron transporting layer is an n-type
oxide semiconductor.

[Claim 4]

The inorganic EL element according to claim 2,

wherein a material of the p-type oxide semiconductor contains at least

one of Cu20, CulnOs (Copper Indium Oxide), CuAlOs (Copper
27
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Aluminium Oxide), MCO (Magnesium Copper Oxide), CCO (Calcium
Copper Oxide), SCO (Strontium Copper Oxide), ACO (Antimony Copper
Oxide), CTO (Copper Tin Oxide), NiO, and Znlr204 (Zinc Iridium Oxide).
[Claim 5]

The inorganic EL element according to claim 3, wherein a material of the
n-type oxide semiconductor contains at least one of InGaZnO (Indium
Gallium Zinc Oxide), IMO (Indium Magnesium Oxide), ZTO (Zinc Tin
Oxide), IAO (Indium Aluminium Oxide), and ILO (Indium Lanthanum
Oxide).

[Claim 6]

The inorganic EL element according to any one of claims 1 to 5,
wherein the oxide film as the light emitting layer is formed of an oxide
doped with a luminescent center.

[Claim 7]

The inorganic EL element according to any one of claims 1 to 6,
wherein the oxide film as the hole transporting layer is a p-type oxide
semiconductor doped with a luminescent center and functions as the
light emitting layer.

[Claim 8]

The inorganic EL element according to any one of claims 1 to 7,
wherein the oxide film as the electron transporting layer is an n-type
oxide semiconductor doped with a luminescent center and functions as
the light emitting layer.

[Claim 9]

The inorganic EL element according to any one of claims 6 to 8,
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wherein the luminescent center is a transition metal ion or a rare earth
ion.

[Claim 10]

The inorganic EL element according to any one of claims 6 to 9,
wherein the luminescent center includes at least one selected from the
group consisting of titanium (Ti), chromium (Cr), manganese (Mn),
copper (Cu), tungsten (W), cerium (Ce), praseodymium (Pr), neodymium
(Nd), samarium (Sm), europium (Eu), gadolinium (Gd), terbium (Tb),
dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), and
ytterbium (Yb).

[Claim 11]

The inorganic EL element according to any one of claims 6 to 8,
wherein, in the oxide film as the light emitting layer, an oxide having a
band gap energy equal to or higher than excitation energy of the
luminescent center is a host of the luminescent center.

[Claim 12]

The inorganic EL element according to any one of claims 6 to 8,
wherein, in the oxide film as the light emitting layer, an oxide having a
band gap energy equal to or higher than luminescent energy of the
luminescent center is a host of the luminescent center.

[Claim 13]

The inorganic EL element according to any one of claims 1 to 12,
wherein the oxide film as the light emitting layer is an oxide including at
least one selected from the group consisting of beryllium (Be),

magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba), scandium
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(Sc), yttrium (Y), lanthanum (La), lutetium (Lu), boron (B), aluminium
(AD), gallium (Ga), silicon (Si), germanium (Ge), antimony (Sb), bismuth
(Bi), and tellurium (Te).

[Claim 14]

The inorganic EL element according to any one of claims 1 to 13,
wherein the oxide film as the hole transporting layer is a p-type oxide
semiconductor including at least one selected from the group consisting
of nickel (Ni), copper (Cu), zinc (Zn), ruthenium (Ru), rhodium (Rh),
thallium (TD), tin (Sn), lead (Pb), antimony (Sb), bismuth (Bi), and
tellurium (Te).

[Claim 15]

The inorganic EL element according to any one of claims 1 to 14,
wherein the oxide film as the electron transporting layer is an n-type
oxide semiconductor including at least one selected from the group
consisting of zinc (Zn), cadmium (Cd), gallium (Ga), indium (In), thallium
(T1), germanium (Ge), tin (Sn), lead (Pb), bismuth (Bi), titanium (T4),
and tungsten (W).

[Claim 16]

The inorganic EL element according to claim 15,

wherein the oxide film as the electron transporting layer is the n-type
oxide semiconductor further including at least one selected from the
group consisting of beryllium (Be), magnesium (Mg), calcium (Ca),
strontium (Sr), barium (Ba), scandium (Sc), yttrium (Y), lanthanoid (Ln),
boron (B), aluminium (Al), silicon (Si), antimony (Sb), and tellurium (Te).

[Claim 17]
30
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The inorganic EL element according to claim 1,

wherein the oxide film as the light emitting layer is an amorphous oxide
film,

the oxide film as the hole transporting layer is an amorphous oxide film,
and

the oxide film as the electron transporting layer is an amorphous oxide
film.

[Claim 18]

The inorganic EL element according to claim 1,

wherein the inorganic EL element is a direct-current-driven inorganic
EL element.

[Claim 19]

A display element comprising:

an optical control element that includes the inorganic EL element
according to any one of claims 1 to 18 and is configured to control light
output according to a driving signal; and

a driving circuit configured to drive the optical control element.

[Claim 20]

An image display device configured to display an image corresponding to
1image data, the image display device comprising:

a plurality of display elements arranged in a form of matrix, each of the
plurality of display elements being the display element according to claim
19 and the driving circuits including field-effect transistors;

a plurality of wired lines configured to individually apply gate voltage

and signal voltage to the field-effect transistors in the plurality of display
31
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elements; and

a display control device configured to individually control the gate voltage
and the signal voltage of the field-effect transistors via the plurality of
wired lines correspondingly to the image data.

[Claim 21]

A system comprising:

the image display device according to claim 20; and

an image-data-generating device configured to generate image data based
on image information to be displayed and to output the image data to the

1mage display device.
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