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(57) ABSTRACT

[Object] To provide a light emitting element that enables
efficient light extraction and offers low power consumption.
[Solution] A light emitting element including: a lower elec-
trode disposed on a support layer; first members disposed on
the support layer so as to surround the lower electrode to
form a recess structure, the first members each having a void
inside; an organic layer disposed on the lower electrode and
the first members and along the recess structure, the organic
layer containing an organic luminescent material; an upper
electrode disposed on the organic layer and along the recess
structure; and a second member disposed above the upper
electrode such that the recess structure is embedded in the
second member, the second member having a higher refrac-
tive index than the first members.
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LIGHT EMITTING ELEMENT, DISPLAY
ELEMENT, AND METHOD FOR
PRODUCING LIGHT EMITTING ELEMENT

TECHNICAL FIELD

[0001] The present disclosure relates to a light emitting
element, a display element, and a method for producing a
light emitting element.

BACKGROUND ART

[0002] Inrecent years, light emitting elements in which an
organic layer containing an organic luminescent material is
used as a light source (these light emitting elements are
called organic light emitting diodes) have been developed.
To improve brightness, such a light emitting element
requires efficient light extraction from the light source.
[0003] For example, Patent Literature 1 described below
discloses a light emitting module in which a protrusion
inclined toward a lower electrode and a light-transmissive
partition wall overlying the side wall of the protrusion are
disposed at each end of a light emitting element including an
organic layer containing a luminescent organic compound
and sandwiched between the lower electrode and an upper
electrode. According to the light emitting module disclosed
in Patent Literature 1. the light emitted from the organic
layer toward the sides can be reflected off the protrusions
and directed toward the front of the light emitting module.
This light emitting module enables efficient extraction of
light emitted from the organic layer.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: JP 2014-220235A
DISCLOSURE OF INVENTION
Technical Problem
[0005] However, in the light emitting module disclosed in

Patent Literature 1, the protrusions that reflect the light
emitted from the organic layer are made of the same metal
as the lower electrode or the like. In the light emitting
module disclosed in Patent Literature 1, the parasitic capaci-
tance is thus generated between the lower electrode and the
protrusions, which may cause unintended light emission at
the ends of the light emitting element. In addition, a leakage
current tends to be generated between the lower electrode
and the protrusions, which increases the power consumption
of the light emitting module.

[0006] In such circumstances, the present disclosure pro-
poses a novel and improved light emitting element that
enables efficient light extraction and offers low power con-
sumption, a display element including the light emitting
element, and a method for producing the light emitting
element.

Solution to Problem

[0007] According to the present disclosure, there is pro-
vided a light emitting element including: a lower electrode
disposed on a support layer; first members disposed on the
support layer so as to surround the lower electrode to form
a recess structure, the first members each having a void
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inside; an organic layer disposed on the lower electrode and
the first members and along the recess structure, the organic
layer containing an organic luminescent material; an upper
electrode disposed on the organic layer and along the recess
structure; and a second member disposed above the upper
electrode such that the recess structure is embedded in the
second member, the second member having a higher refrac-
tive index than the first members.

[0008] In addition, according to the present disclosure,
there is provided a display element including a plurality of
light emitting elements arranged on a plane, each of the light
emitting elements including a lower electrode disposed on a
support layer, first members disposed on the support layer so
as to surround the lower electrode to form a recess structure,
the first members each having a void inside, an organic layer
disposed on the lower electrode and the first members and
along the recess structure, the organic layer containing a
luminescent organic compound, an upper electrode disposed
on the organic layer and along the recess structure, and a
second member disposed above the upper electrode such
that the recess structure is embedded in the second member,
the second member having a higher refractive index than the
first members.

[0009] In addition, according to the present disclosure,
there is provided a method for producing a light emitting
element, the method including: forming a lower electrode on
a support layer; forming first members positioned to sur-
round the lower electrode on the support layer so as to form
a recess structure having the lower electrode as a bottom
surface, the first members each having a void inside; form-
ing an organic layer on the lower electrode and the first
members and along the recess structure, the organic layer
containing an organic luminescent material, forming an
upper electrode on the organic layer and along the recess
structure; and forming a second member above the upper
electrode such that the recess structure is embedded in the
second member, the second member having a higher refrac-
tive index than the first members.

[0010] According to the present disclosure, the formation
of a void in the first member that surrounds the lower
electrode to form the recess structure enables light emitted
from the organic layer to be reflected in a light reflection part
including the second member and the first member and in a
light reflection part including the first member and the void.
In addition, since the void has a very low permittivity, the
void can reduce the parasitic capacitance and prevent or
reduce generation of leakage current between adjacent lower
electrodes.

Advantageous Effects of Invention

[0011] According to the present disclosure, as described
above, there is provided a light emitting element that enables
efficient light extraction and offers low power consumption.
[0012] Note that the effects described above are not nec-
essarily limitative. With or in the place of the above effects,
there may be achieved any one of the effects described in
this specification or other effects that may be grasped from
this specification.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a cross-sectional view of an example of
a light emitting element according to a first embodiment of
the present disclosure cut in the stacking direction.
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[0014] FIG. 2 is a cross-sectional view of another example
of the light emitting element according to the first embodi-
ment of the present disclosure cut in the stacking direction.
[0015] FIG. 3 is a cross-sectional view of a light emitting
element according to a first modification of the embodiment
cut in the stacking direction.

[0016] FIG. 4 is a cross-sectional view of a light emitting
element according to a second modification of the embodi-
ment cut in the stacking direction.

[0017] FIG. 5 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0018] FIG. 6 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0019] FIG. 7 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0020] FIG. 8 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0021] FIG. 9 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0022] FIG. 10 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0023] FIG. 11 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0024] FIG. 12 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0025] FIG. 13 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0026] FIG. 14 is a cross-sectional view of a light emitting
element according to a second embodiment of the present
disclosure cut in the stacking direction.

[0027] FIG. 15 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0028] FIG. 16 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0029] FIG. 17 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0030] FIG. 18 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0031] FIG. 19 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0032] FIG. 20 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0033] FIG. 21 is a cross-sectional view of a light emitting
element according to a third embodiment of the present
disclosure cut in the stacking direction.

[0034] FIG. 22 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.
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[0035] FIG. 23 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0036] FIG. 24 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0037] FIG. 25 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0038] FIG. 26 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0039] FIG. 27 is a cross-sectional view of a light emitting
element according to a fourth embodiment of the present
disclosure cut in the stacking direction.

[0040] FIG. 28 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0041] FIG. 29 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0042] FIG. 30 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0043] FIG. 31 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0044] FIG. 32 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0045] FIG. 33 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0046] FIG. 34 is a cross-sectional view of a light emitting
element according to a fifth embodiment of the present
disclosure cut in the stacking direction.

[0047] FIG. 35 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0048] FIG. 36 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0049] FIG. 37 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0050] FIG. 38 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0051] FIG. 39 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0052] FIG. 40 is a cross-sectional view illustrating a step
of a method for producing a light emitting element accord-
ing to the embodiment.

[0053] FIG. 41 is an external view illustrating an example
of electronic devices that may include a display element
according to an embodiment of the present disclosure.
[0054] FIG. 42 is an external view illustrating another
example of electronic devices that may include a display
element according to an embodiment of the present disclo-
sure.
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[0055] FIG. 43 is an external view illustrating another
example of electronic devices that may include a display
element according to an embodiment of the present disclo-
sure.

[0056] FIG. 44 is an external view illustrating another
example of electronic devices that may include a display
element according to an embodiment of the present disclo-
sure.

MODES FOR CARRYING OUT THE
INVENTION

[0057] Hereinafter, (a) preferred embodiment(s) of the
present disclosure will be described in detail with reference
to the appended drawings. Note that, in this specification and
the appended drawings, structural elements that have sub-
stantially the same function and structure are denoted with
the same reference numerals, and repeated explanation of
these structural elements is omitted.
[0058] Note that description will be given in the following
order.
[0059]
[0060]
[0061]
[0062]
ment
[0063] 2. Second Embodiment
[0064] 2.1. Structure of Light Emitting Element
[0065] 2.2. Method for Producing Light Emitting Ele-
ment
[0066] 3. Third Embodiment
[0067] 3.1. Structure of Light Emitting Element
[0068] 3.2. Method for Producing Light Emitting Ele-
ment
[0069] 4. Fourth Embodiment
[0070] 4.1. Structure of Light Emitting Element
[0071] 4.2. Method for Producing Light Emitting Ele-
ment
[0072] 5. Fifth Embodiment
[0073] 5.1. Structure of Light Emitting Element
[0074] 5.2. Method for Producing Light Emitting Ele-
ment
[0075] 6. Application Examples
[0076] 7. Conclusion

1. First Embodiment
1.1. Structure of Light Emitting Element
1.2. Modification
1.3. Method for Producing Light Emitting Ele-

1. First Embodiment

(1.1. Structure of Light Emitting Element)

[0077] First, referring to FIG. 1 and FIG. 2, the structure
of a light emitting element according to a first embodiment
of the present disclosure will be described. F1G. 1 and FIG.
2 are cross-sectional views of the light emitting element
according to this embodiment cut in the stacking direction.
[0078] For example, a plurality of the light emitting ele-
ments according to this embodiment arranged on a plane is
used as a display element. Specifically, a plurality of the
light emitting elements may be arranged as pixels on, for
example, a substrate made of glass, semiconductor, resin, or
the like to form a display element capable of displaying
images and the like. In this case, a driver circuit configured
to control light emission of each light emitting element, a
power supply configured to supply electric power to be
applied to the light emitting element, and the like are
disposed on the substrate. In the technique according to the
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present disclosure, the driver circuit, the power supply, and
the like may have any structure. Thus, the structures of the
driver circuit, the power supply, and the like are not illus-
trated below.

[0079] As illustrated in FIG. 1, a light emitting element 1
includes a support layer 100, a lower electrode 110 disposed
on the support layer 100, an organic layer 120 disposed on
the lower electrode 110, an upper electrode 130 disposed on
the organic layer 120, a protective layer 140 disposed on the
upper electrode 130, first members 210 that form a recess
structure having a lower electrode 110 as a bottom surface,
a second member 220 in which the recess structure is
embedded, and a void 230 formed inside each first member
210.

[0080] In the light emitting element 1, the organic layer
120 is sandwiched between the lower electrode 110 and the
upper electrode 130 to form an organic light emitting diode
(OLED), which functions as a light source.

[0081] Here, the organic light emitting diode that func-
tions as a light source is disposed inside a recess structure
200 having the lower electrode 110, which serves a bottom
surface, and the first members 210, which serve as side
walls. In addition, the recess structure 200 is embedded in
the second member 220 having a higher refractive index
than the first members 210. This configuration allows the
first members 210 and the second member 220 to function
as light reflection parts using a difference in refractive index.
The first members 210 and the second member 220 thus
reflect light emitted from the organic light emitting diode to
improve light extraction efficiency.

[0082] The support layer 100 is a layer that supports the
light emitting element 1. The support layer 100 may be, for
example, an interlayer insulating film disposed on a driver
circuit or the like (not illustrated) configured to control light
emission of the light emitting element 1, or may be a
planarization film disposed to cover steps or protrusions and
recesses due to a driver circuit or the like and thus to
planarize the surface. In addition, the support layer 100 may
be any type of substrate commonly used in display devices
or the like.

[0083] Forexample, the support layer 100 may be made of
an inorganic insulating material, such as silicon oxide
(810,), silicon nitride (SiN,), or silicon oxynitride (SiON),
or may be made of an organic insulating material, such as a
polyimide resin, an acrylic resin, or a novolak resin. In
addition, the support layer 100 may be, for example, a
substrate made of a type of glass, such as quartz glass, a type
of semiconductor, such as silicon, or a type of resin.
[0084] The lower electrode 110 functions as an anode of
the organic light emitting diode and is disposed at the bottom
of the recess structure 200 having the first members 210 as
side walls. Specifically, the lower electrode 110 may be
formed as a light reflective electrode made of a metal, such
as aluminum (Al), copper (Cu), platinum (Pt), gold (Au),
chromium (Cr), or tungsten (W), or an alloy of these metals.
[0085] In addition, the lower electrode 110 may be formed
as a transparent electrode made of a transparent conductive
material, such as indium oxide zinc. Note that, in the case
where the lower electrode 110 is a transparent electrode, a
light reflective layer made of a metal, such as Al, Ag, Pt, Au,
Cr, or W, is formed between the lower electrode 110 and the
support layer 100.

[0086] The organic layer 120 is a layer that contains an
organic luminescent material and emits light upon applica-
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tion of an electric field. The organic layer 120 is located
between the lower electrode 110 and the upper electrode
130. Specifically, application of an electric field to the
organic layer 120 causes injection of holes from the lower
electrode 110 into the organic layer 120 and injection of
electrons from the upper electrode 130 into the organic layer
120. The recombination of the injected holes and electrons
in the organic layer 120 forms excitons. The energy of the
excitons excites the organic luminescent material to cause
emission of fluorescence or phosphorescence from the
organic luminescent material.

[0087] For example, the organic layer 120 may contain at
least one of a hole transport material, an electron transport
material, or a hole and electron transport material, which is
a host material; and a fluorescent or phosphorescent organic
luminescent material, which is a dopant material.

[0088] Examples of the host material include styryl
derivatives, anthracene derivatives, naphthacene deriva-
tives, carbazole derivatives, aromatic amine derivatives,
phenanthroline derivatives, triazole derivatives, quinolino-
lato metal complexes, and phenanthroline derivatives.
[0089] The dopant material (organic luminescent material)
may be a known fluorescent material or phosphorescent
material. Examples of known fluorescent materials include
dye materials, such as styrylbenzene dyes, oxazole dyes,
perylene dyes, coumarin dyes, and acridine dyes; polycyclic
aromatic hydrocarbon materials, such as anthracene deriva-
tives, naphthacene derivatives, pentacene derivatives, and
chrysene derivatives; and pyrromethene skeleton materials,
quinacridone derivatives, cyanomethylene pyran deriva-
tives, benzothiazole derivatives, benzimidazole derivatives,
and metal-chelated oxynoid compounds. Examples of
known phosphorescent materials include organometallic
complexes containing at least one metal selected from
ruthenium, rhodium, palladium, silver, rhenium, osmium,
iridium, platinum, and gold. Specific examples of phospho-
rescent materials include complexes such as Ir(ppy)s, com-
plexes such as Ir(bt), acac,, and complexes such as PtOEt;,
which have a precious metal element, such as Ir, as a central
metal.

[0090] In addition, the organic layer 120 may have a
multilayer structure formed by stacking a plurality of func-
tional layers. For example, the organic layer 120 may have
a structure in which a hole injection layer, a hole transport
layer, a light emitting layer containing an organic lumines-
cent material, an electron transport layer, and an electron
injection layer are stacked in this sequence from the lower
electrode 110 side.

[0091] Thehole injection layer and the hole transport layer
are layers that contain a hole transport material and improve
the efficiency of injecting holes from the lower electrode
110. Examples of the hole transport material include ben-
zine, styrylamine, triphenylamine, porphyrin, triphenylene,
azatriphenylene, tetracyanoquinodimethane, triazole, imida-
zole, oxadiazole, polyarylalkanes, phenylenediamine, ary-
lamines, oxazole, anthracene, fluorenone, hydrazone, stil-
bene, and derivatives thereof. Specific examples of the hole
transport material include c-naphthylphenylphenylenedi-
amine (o-NPD), porphyrin, metal tetraphenylporphyrin,
metal naphthalocyanine, hexacyanoazatriphenylene (HAT),
7,78 8-tetracyanoquinodimethane (TCNQ), 7,7,8,8-tetra-
cyano-2.3,5,6-tetrafluoroquinodimethane (F4-TCNQ), tetra-
cyano 4,4,4-tris(3-methylphenylphenylamino)triphenylam-
ine, N,N,N',N'-tetrakis(p-tolyl)p-phenylenediamine, N,N,N',
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N'-tetraphenyl-4,4'-diaminobiphenyl, N-phenylcarbazole,

and 4-di-p-tolylamino stilbene.

[0092] The electron transport layer is a layer that contains
an electron transport material and improves the efficiency of
injecting electrons from the upper electrode 130. Examples
of the electron transport material include tris(8-quinolino-
lato)aluminum (Alg;), and compounds having a nitrogen-
containing aromatic ring. Specific examples of the electron
transport material include tris(8-quinolinolato)aluminum
(Alg,), 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline
(BCP), and bathophenanthroline (Bphen). Here, the electron
transport layer may include a plurality of layers. In this case,
the electron transport layer may further include a layer
doped with an alkali metal element or an alkaline earth metal
element.

[0093] The electron injection layer is a layer that improves
the efficiency of injecting electrons from the upper electrode
130. The electron injection layer may be made of, for
example, lithium fluoride (LiF), sodium chloride (NaCl),
cesium fluoride (CsF), lithium oxide (Li,0), or barium oxide
(BaO).

[0094] The upper electrode 130 functions as a cathode of
the organic light emitting diode and is disposed on the
organic layer 120. Specifically, the upper electrode 130 may
be made of a light transmissive material having a small work
fanction and formed as a transparent electrode. The upper
electrode 130 may be made of, for example, a transparent
conductive material, such as indium tin oxide or indium zinc
oxide, or may be made of magnesium (Mg), silver (Ag), or
an alloy thereof and formed as a film that is thin enough
(e.g., 30 nm or less) to allow light penetration.

[0095] The protective layer 140 is formed on the upper
electrode 130 and avoids penetration of oxygen and water
into the organic layer 120. The protective layer 140 may be
made of, for example, a highly light transmissive material
having low water permeability. For example, the protective
layer 140 may be made of silicon oxide (8i0,), silicon
nitride (SiN,), aluminum oxide (AlO,), titanium oxide
(Ti0,), or a combination thereof.

[0096] In addition, the protective layer 140 may have a
multilayer structure in which a layer made of SiN, and a
stacking film made of A10, and TiO, are stacked in this order
from the upper electrode 130 side. To enhance the reflection
by the first members 210 and the second member 220, it is
desirable to increase the refractive index of a surface of the
protective layer 140 in contact with the second member 220.
For this, the protective layer 140 preferably has the stacking
film, which contains TiO_ having a refractive index as high
as 2.4 or more, on the surface in contact with the second
member 220.

[0097] The first member 210 is formed on the support
layer 100 and divides the organic light emitting diode into
each pixel. The first member 210 has, for example, an
inclined portion and has a substantially trapezoid shape (i.e.,
tapered shape) that widens toward the support layer 100. In
other words, the recess structure 200 having the first mem-
bers 210 as side walls has a shape that widens toward the
side facing away from the support layer 100 (i.e., inverse
tapered shape). The first members 210 are made of a highly
light transmissive material having a lower refractive index
than the second member 220. The first members 210 may be
made of, for example, an organic insulating material, such as
a polyimide resin, an acrylic resin, or a novolac resin, or an
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inorganic insulating material, such as silicon oxide (SiO,),
silicon nitride (SiN,), or silicon oxynitride (SiON).

[0098] In addition, the first members 210 each have a void
230 inside. The void 230 is formed so as to have a tapered
shape whose cross section when each first member 210 is cut
in the thickness direction has a tapered shape that widens
toward the support layer 100. The void 230 is formed so as
to have, for example, a substantially triangular shape. Since
the void 230 is a substantial vacuum, the void 230 has a
refractive index of about 1, which is lower than that of the
first member 210. Therefore, the void 230 functions as a
light reflection part such that light reflects off the interface
between the void 230 and the first member 210. The void
230 causes light emitted from the organic light emitting
diode to reflect toward the opening of the recess structure
200. This can improve the light extraction efficiency of the
light emitting element 1.

[0099] In addition, the void 230 has a very low permit-
tivity because the void 230 is a substantial vacuum. For this,
the void 230 can reduce the average of the permittivity
between each of the lower electrodes 110 of the organic light
emitting diode to reduce the parasitic capacitance generated
between each of the lower electrodes 110. Furthermore,
since the void 230 has a very low permittivity, the void 230
can block the electric field generated between each of the
lower electrodes 110 of the organic light emitting diode.
According to this configuration, the void 230 can prevent or
reduce generation of leakage current between each of the
lower electrodes 110 of the organic light emitting diode.

[0100] Therefore, in the light emitting element 1 accord-
ing to this embodiment, the void 230 formed inside each first
member 210 can reduce parasitic capacitance and leakage
current while improving the light extraction efficiency,
which makes it possible to further reduce power consump-
tion.

[0101] Note that the lines connecting each of the vertices
of the cross section of the void 230 when each first member
210 is cut in the thickness direction are not necessarily
straight lines. For example, as illustrated in FIG. 2, the lines
connecting each of the vertices of the cross section of the
void 231 may be curved lines. In other words, in this
embodiment, the expression the cross section of the void 230
has a “substantially triangular shape” means that the cross
section of the void 230 has three vertices projecting outward,
and the lines connecting each of the vertices may be either
straight lines or curved lines.

[0102] The second member 220 is formed on the protec-
tive layer 140 such that the recess structure 200 formed by
the first members 210 is embedded in the second member
220. The second member 220 is made of a highly light
transmissive material having a higher refractive index than
the first members 210. The second member 220 may be
made of, for example, an organic insulating material, such as
an acrylic resin, an epoxy resin, a polyester resin, or a
novolac resin, or an inorganic insulating material, such as
silicon oxide (Si0,), silicon nitride (SiN,), or silicon oxyni-
tride (SiON).

[0103] Here, to increase the refractive index of the second
member 220, the second member 220 may be made of, for
example, a resin containing many substituents having high
molecular refraction, such as sulfur-containing substituents,
phosphorus-containing substituents, or aromatic rings, in the

May 30, 2019

molecular structure, or the second member 220 may contain
an inorganic filler having a high refractive index, such as
TiO, or ZrO.,.

[0104] In the light emitting element 1 according to this
embodiment, for example, the first members 210 may be
made of a material having a refractive index of 1.1 or more
and 1.8 or less, and the second member 220 may be made of
amaterial having a refractive index that is larger than that of
the first members 210 by 0.2 or more. In this case, the
conditions for the total reflection of incident light can be
satisfied between the first member 210 and the void 230 and
between the second member 220 and the first member 210.
Therefore, the light emitting element 1 enables the light
emitted from the organic light emitting diode toward the side
walls of the recess structure 200 to be efficiently reflected
toward the opening of the recess structure 200.

[0105] Examples of the material of the first member 210
that satisfies such conditions include SiO,. Examples of the
material of the second member 220 include an acrylic resin
containing a filler including TiO, or ZrO,.

[0106] As described above, the light emitting element 1
according to this embodiment enables the light emitted from
the organic light emitting diode toward the side walls of the
recess structure 200 to be efficiently reflected toward the
opening of the recess structure 200, which improves light
extraction efliciency.

[0107] Note that the light emitting element 1 according to
this embodiment may include, above the second member
220, for example, a counter substrate or a protective layer for
protecting the light emitting element 1, and a black matrix
or a color filter for improving the function of the light
emitting element 1 for use as a display element.

(1.2. Modifications)

[0108] Next, referring to FIG. 3 and FIG. 4, the modifi-
cations of the light emitting element according to this
embodiment will be described. FIG. 3 is a cross-sectional
view of a light emitting element 1A according to a first
modification of this embodiment cut in the stacking direc-
tion. FIG. 4 is a cross-sectional view of a light emitting
element 1B according to a second modification of this
embodiment cut in the stacking direction.

[0109] As illustrated in FIG. 3, the light emitting element
1A according to the first modification differs from the light
emitting element 1 illustrated in FIG. 1 in that the recess
structure 200 is not completely embedded in a second
member 221. The elements other than the second member
221 are as described with reference to FIG. 1, and the
description thereof is omitted here.

[0110] The light emitting element 1A according to the first
modification may further include a color filter or the like
inside the recess structure 200 and on the second member
221. This structure is also called a color filter-embedded
structure. In the light emitting element 1A according to the
first modification, a color filter or the like can be disposed
only above the organic light emitting diode without dispos-
ing a color filter or the like above the top of the first members
210. This configuration can improve color separation in each
pixel.

[0111]  As illustrated in FIG. 4, the light emitting element
1B according to the second modification differs from the
light emitting element 1 illustrated in FIG. 1 not only in that
the recess structure 200 is embedded in a second member
222 but also in that the second member 222 is further
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deposited on the top of the first members 210. The elements
other than the second member 222 are as described with
reference to FIG. 1, and the description thereof is omitted
here.

[0112] 1In the light emitting element 1B according to the
second modification, the second member 222 has a large
thickness. The first members 210 and the second member
222 thus enable reflection of a large amount of light.
Therefore, in the light emitting element 1B according to the
second modification, the light emitted from the organic light
emitting diode can be collected on the opening side of the
recess structure 200, whereby light extraction efliciency can
be improved to realize high brightness with the same power
consumption.

(1.3. Method for Producing Light Emitting Element)

[0113] Next, referring to FIG. 5 to FIG. 13, a method for
producing the light emitting element 1 according to this
embodiment will be described. FIG. 5 to FIG. 13 are
cross-sectional views illustrating the steps of the method for
producing the light emitting element 1 according to this
embodiment.

[0114] First, as illustrated in FIG. 5, a metal layer 110A is
deposited on a support layer 100 by using a sputtering
method or the like. The support layer 100 may be a substrate
made of glass, semiconductor, or resin, or may be an
interlayer insulating film made of an inorganic insulating
material, such as SiO,, SiN,, or SiON and disposed on a
driver circuit or the like. In addition, the metal layer 110A
may be made of, for example, an AlCu alloy.

[0115] Next, as illustrated in FIG. 6, the metal layer 110A
is patterned by using a photolithography method or the like
to form lower electrodes 110.

[0116] Subsequently, as illustrated in FIG. 7, a first mem-
ber layer 210A is deposited on the metal layer 110A by using
a chemical vapor deposition (CVD) method or the like. The
first member layer 210A may be made of, for example, an
inorganic insulating material, such as SiO,.

[0117] At this time, the voids 230 can be formed between
adjacent lower electrodes 110 by more isotropically depos-
iting the first member layer 210A by using a CVD method
in a low-vacuum chamber.

[0118] For example, in the case where a plurality of lower
electrodes 110 are provided on the support layer 100, a
source gas of CVD is unlikely to travel into the spaces
between the lower electrodes 110, which results in a lower
rate of deposition in the spaces between the lower electrodes
110 than that on the lower electrodes 110. In particular, in the
case where the pressure in the chamber is relatively high and
the mean free path of the source gas particles is short, the
rate of deposition in the spaces between the lower electrodes
110 is low. The coverage with the first member layer 210A
deposited on each of the lower electrodes 110 is performed
before deposition of the first member layer 210A in the
spaces between the lower electrodes 110, whereby the voids
230 can be formed between the lower electrodes 110.
[0119] Note that, to facilitate formation of the voids 230,
it is desired to hinder the travel of the source gas of CVD
into the spaces between the lower electrodes 110. Specifi-
cally, the distance between the lower electrodes 110 may be
shortened, or the height of the lower electrodes 110 may be
increased.

[0120] Next, as illustrated in FIG. 8, a patterned resist 300
is formed on the first member layer 210A by using a

May 30, 2019

photolithography method or the like. The resist 300 may be
any known resist as long as the etching selectivity ratio
between the resist 300 and SiO, forming the first member
layer 210A is high. Furthermore, an anti-reflection film,
which is also called a bottom anti-reflection coating (BARC)
film, is preferably formed between the resist 300 and the first
member layer 210A. The use of the BARC film can prevent
or reduce halation during photolithography and can thus
improve the patterning accuracy of the resist 300.

[0121] Subsequently, as illustrated in FIG. 9, the lower
electrodes 110 are exposed by performing etching using the
patterned resist 300 as a mask, whereby first members 210
that form the recess structure 200 is formed. For example, in
the case where the first members 210 are made of SiO_, the
first members 211 can be formed by using dry etching with
a fluorocarbon gas.

[0122] Next, as illustrated in FIG. 10, an organic layer 120
containing the organic luminescent material described above
is formed on the lower electrodes 110 and the first members
210 and along the recess structure 200 by using a vacuum
vapor deposition method or the like. At this time, vapor
deposition is preferably directional in the direction perpen-
dicular to the support layer 100 so that the organic layer 120
is also uniformly deposited inside the recess structure 200.
In addition, the organic layer 120 may be formed by
vapor-depositing two or more layers for each function in
sequence.

[0123] Subsequently, as illustrated in FIG. 11, an upper
electrode 130 is deposited on the organic layer 120 and
along the recess structure 200 by using a sputtering method
or the like. For example, the upper electrode 130 may be
made of indium zinc oxide.

[0124] Next, as illustrated in FIG. 12, a protective layer
140 is formed on the upper electrode 130 and along the
recess structure 200. Specifically, first, a SiN,_ film is depos-
ited on the upper electrode 130 by using a CVD method.
Here, the SiN, film may be deposited at a relatively low
density in order to reduce the film stress. Thereafter, a
stacking film having a high refractive index and made of
AlO, and TiO, is deposited on the SiN, film by using an
atomic layer deposition (ALD) method. Accordingly, the
protective layer 140 including the SiN__ film and the stacking
film made of AlO, and TiO, can be formed on the upper
electrode 130.

[0125] Subsequently, as illustrated in FIG. 13, a second
member 220 is deposited on the protective layer 140 by
using a spin coating method or the like such that the recess
structure 200 is embedded in the second member 220. In
addition, the second member 220 may be formed such that
the recess structure 200 is embedded in the second member
220 as follows: after the second member 220 is formed over
the entire surface of the protective layer 140, the second
member 220 deposited in areas other than the inside of the
recess structure 200 is removed by using a photolithography
method. The second member 220 may be made of, for
example, an acrylic resin in which a filler including TiO, or
ZrQ, is dispersed.

[0126] The light-emitting element 1 according to this
embodiment can be produced through the above-described
steps. Here, the foregoing method for producing the light
emitting element 1 is illustrative only, and the method for
producing the light emitting element 1 according to this
embodiment is not limited to the above-described method.
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The apparatuses and the conditions used in the production
but not described above may be known apparatuses and
known conditions.

2. Second Embodiment

(2.1. Structure of Light Emitting Element)

[0127] Next, referring to FIG. 14, the structure of a light
emitting element 2 according to a second embodiment of the
present disclosure will be described. FIG. 14 is a cross-
sectional view of the light emitting element 2 according to
this embodiment cut in the stacking direction.

[0128] As illustrated in FIG. 14, the light emitting element
2 according to the second embodiment differs from the light
emitting element 1 according to the first embodiment in that
the cross section of a void 232 when each first member 210
is cut in the thickness direction has a substantially pentago-
nal shape. The elements other than the void 232 are as
described with reference to FIG. 1, and the description
thereof is omitted here.

[0129] The void 232 having a cross section with a sub-
stantially pentagonal shape can be formed, for example, as
follows: after each first member 210 is deposited, an opening
is formed in each first member 210 by using etching or the
like, and then each first member 210 is further deposited so
as to cover the opening.

[0130] In the light emitting element 2 according to the
second embodiment, the void 232 can be formed so as to
have a large height in each first member. Thus, the light
reflection part including the first member 210 and the void
232 enables reflection of a large amount of light. Therefore,
in the light emitting element 2 according to the second
modification, the light emitted from the organic light emit-
ting diode can be collected on the opening side of the recess
structure 200, whereby light extraction efliciency can be
improved.

[0131] In addition, in the light emitting element 2 accord-
ing to the second embodiment, the void 232 can be formed
to have a large width in each first member, which makes it
possible to further reduce the parasitic capacitance generated
between the lower electrodes 110 in adjacent pixels. Fur-
thermore, the void 232 formed to have a large width can
further prevent or reduce generation of leakage current
between the lower electrodes 110 in adjacent pixels.
[0132] Therefore, in the light emitting element 2 accord-
ing to the second embodiment, the effects of the void 232 in
improving the light extraction efficiency and in reducing
power consumption can be enhanced by forming the void
232 having a desired shape inside each first member 210 by
using etching or the like.

(2.2. Method for Producing Light Emitting Element)

[0133] Next, referring to FIG. 15 to FIG. 20, a method for
producing the light emitting element 2 according to this
embodiment will be described. FIG. 15 to FIG. 20 are
cross-sectional views illustrating the steps of the method for
producing the light emitting element 2 according to this
embodiment.

[0134] First, as illustrated in FIG. 15, a metal layer 110A
is deposited on a support layer 100 by a sputtering method
or the like. The support layer 100 may be a substrate made
of glass, semiconductor, or resin, or may be an interlayer
insulating film made of an inorganic insulating material,
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such as Si0,, SiN_, or SiION and disposed on a driver circuit
or the like. In addition, the metal layer 110A may be made
of, for example, an AlCu alloy.

[0135] Next, as illustrated in FIG. 16, the metal layer 110A
is patterned by a photolithography method or the like to form
lower electrodes 110.

[0136] Subsequently. as illustrated in FIG. 17, a first
member layer 210A is deposited on the metal layer 110A by
a CVD method or the like. The first member layer 210A may
be made of, for example, an inorganic insulating material,
such as Si0,.

[0137] Next, as illustrated in FIG. 18, a patterned mask
layer 310 is deposited on the first member layer 210A by a
sputtering method or the like. In the case where the first
member layer 210A is made of SiO,, the mask layer 310
may be made of, for example, AlO, or the like.

[0138] Subsequently. as illustrated in FIG. 19, openings
232A are formed in the first member layer 210A by per-
forming etching using the mask layer 310. In the case where
each first member 210 is made of SiO,, the openings 232A
can be formed in the first member layer 210A by, for
example, performing dry etching using a fluorocarbon gas.

[0139] Next, as illustrated in FIG. 20, the first member
layer 210A is further deposited by using CVD or the like so
as to cover the openings 232A formed in the first member
layer 210A. At this time, the first member layer 210A is
isotropically deposited by using a CVD method in a low-
vacuum chamber, so that the top of the openings 232A is
sealed with the first member layer 210A to form voids 232.

[0140] The mechanism for this is that, in an isotropic CVD
method with a low-vacuum chamber as described above, a
source gas of CVD is unlikely to travel into a region of the
film deposition surface on which the recess structure is to be
formed, which results in a lower rate of deposition at the
bottom of the recess structure. Therefore, the use of an
isotropic CVD method with a low-vacuum chamber can
form voids 232, with the openings 232A remaining unfilled.

[0141] Note that the steps after the step in FIG. 20 are as
described with reference to FIG. 8 to FIG. 13, and the
description thereof is omitted here.

3, Third Embodiment

(3.1. Structure of Light Emitting Element)

[0142] Next, referring to FIG. 21, the structure of a light
emitting element 3 according to a third embodiment of the
present disclosure will be described. FIG. 21 is a cross-
sectional view of the light emitting element 3 according to
this embodiment cut in the stacking direction.

[0143] Asillustrated in FIG. 21, the light emitting element
3 according to the third embodiment differs from the light
emitting element 2 according to the second embodiment
only in the regions in which lower electrodes 113 are
formed. Specifically, each lower electrode 113 extends from
the bottom surface of a recess structure 200 to voids 232.
Note that the elements other than the lower electrodes 113
are as described with reference to FIG. 1 and FIG. 14, and
the description thereof is omitted here.

[0144] The light emitting element 3 according to the third
embodiment can be produced more simply and efliciently by
performing patterning for forming the lower electrodes 113
and patterning for forming the voids 232 at the same time.
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(3.2. Method for Producing Light Emitting Element)

[0145] Next, referring to FIG. 22 to FIG. 26, a method for
producing the light emitting element 3 according to this
embodiment will be described. FIG. 22 to FIG. 26 are
cross-sectional views illustrating the steps of the method for
producing the light emitting element 3 according to this
embodiment.

[0146] First, as illustrated in FIG. 22, a metal layer 110A
is deposited on a support layer 100 by a sputtering method
or the like. The support layer 100 may be a substrate made
of glass, semiconductor, or resin, or may be an interlayer
insulating film made of an inorganic insulating material,
such as Si0,, SiN_, or SiON and disposed on a driver circuit
or the like. In addition, the metal layer 110A may be made
of, for example, an AlCu alloy.

[0147] Next, as illustrated in FIG. 23, a first member layer
210A is deposited on the metal layer 110A by a CVD method
or the like. The first member layer 210 A may be made of, for
example, an inorganic insulating material, such as SiO,.

[0148] Subsequently, as illustrated in FIG. 24, a patterned
mask layer 320 is deposited on the first member layer 210A
by a sputtering method or the like. In the case where the first
member layer 210A is made of SiO,, the mask layer 320
may be made of, for example, AlO, or the like.

[0149] Subsequently, as illustrated in FIG. 25, by perform-
ing etching using the mask layer 320, openings 232A are
formed in the first member layer 210A and, at the same time,
the metal layer 110A is patterned to form the lower elec-
trodes 113. In the case where each first member 210 is made
of Si0,, for example, the openings 232A can be formed in
the first member layer 210A by, for example, performing dry
etching using a fluorocarbon gas. In addition, the metal layer
110A can be patterned by performing dry etching using a
halogen gas, such as chlorine. These etching processes may
be carried out at the same time or may be carried out
stepwise by changing the etching gas.

[0150] Next, as illustrated in FIG. 26, the first member
layer 210A is further deposited by using CVD or the like so
as to cover the openings 232A formed in the first member
layer 210A. At this time, the first member layer 210A is
isotropically deposited by using a CVD method in a low-
vacuum chamber, so that the top of the openings 232A can
be sealed with the first member layer 210A to form voids
232, with the openings 232A remaining unfilled.

[0151] Note that the steps after the step in FIG. 26 are as

described with reference to FIG. 8 to FIG. 13, and the
description thereof is omitted here.

4. Fourth Embodiment

(4.1. Structure of Light Emitting Element)

[0152] Next, referring to FIG. 27, the structure of a light
emitting element 4 according to a fourth embodiment of the
present disclosure will be described. FIG. 27 is a cross-
sectional view of the light emitting element 4 according to
this embodiment cut in the stacking direction.

[0153] As illustrated in FIG. 27, the light emitting element
4 according to the fourth embodiment differs from the light
emitting element 1 according to the first embodiment in that
the cross section of a void 234 when each first member 210
is cut in the thickness direction has a concave polygon
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shape. The elements other than the void 234 are as described
with reference to FIG. 1, and the description thereof is
omitted here.

[0154] Specifically, the concave polygon shape is a
polygonal shape with at least one interior angle greater than
180°. Therefore, at least one diagonal of the concave poly-
gon shape lies outside the concave polygon shape.

[0155] Thevoid 234 having a cross section with a concave
polygon shape can be formed by the following method. For
example, first, during deposition of the first members 210,
part of each void 234 is formed at the same time through the
use of a difference in rate of deposition. Thereafter, an
opening is formed in each first member 210 by using etching
or the like so as to communicate with the part of the void
234. The first member 210 is further formed so as to cover
the opening, whereby the void 234 having a cross section
with a concave polygon shape can be formed.

[0156] In the light emitting element 4 according to the
fourth embodiment, as in the light emitting element 2
according to the second embodiment, the void 234 can be
formed so as to have a large height in each first member.
Thus, the first member 210 and the void 234 enable reflec-
tion of a large amount of light. In addition, in the light
emitting element 4 according to the fourth embodiment, the
cross section of the void 234 has a shape similar to a tapered
shape that widens toward the support layer 100, compared
with the light emitting element 2 according to the second
embodiment. This shape further improves light extraction
efficiency.

[0157] In addition, in the light emitting element 4 accord-
ing to the fourth embodiment, the void 234 can be formed
to have a large width in each first member, which makes it
possible to further reduce the parasitic capacitance generated
between the lower electrodes 110 in adjacent pixels and
further prevent or reduce generation of leakage current.

(4.2. Method for Producing Light Emitting Element)

[0158] Next, referring to FIG. 28 to FIG. 33, a method for
producing the light emitting element 4 according to this
embodiment will be described. FIG. 28 to FIG. 33 are
cross-sectional views illustrating the steps of the method for
producing the light emitting element 4 according to this
embodiment.

[0159] First, as illustrated in FIG. 28, a metal layer 110A
is deposited on a support layer 100 by a sputtering method
or the like. The support layer 100 may be a substrate made
of glass, semiconductor, or resin, or may be an interlayer
insulating film made of an inorganic insulating material,
such as S10,, SiN_, or SiON and disposed on a driver circuit
or the like. In addition, the metal layer 110A may be made
of, for example, an AlCu alloy.

[0160] Next, as illustrated in FIG. 29, the metal layer 110A
is patterned by a photolithography method or the like to form
lower electrodes 110.

[0161] Subsequently, as illustrated in FIG. 30, a first
member layer 210A is deposited on the metal layer 110A by
using a CVD method or the like. The first member layer
210A may be made of, for example, an inorganic insulating
material, such as SiO,. In addition, the first member layer
210A is isotropically deposited at this time by using a CVD
method in a low-vacuum chamber. This process forms part
of each void 234A between the lower electrodes 110.
[0162] Next, as illustrated in FIG. 31, a patterned mask
layer 330 is deposited on the first member layer 210A by a
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sputtering method or the like. In the case where the first
member layer 210A is made of SiO,, the mask layer 330
may be made of, for example, AlO, or the like.

[0163] Subsequently, as illustrated in FIG. 32, openings
234B are formed in the first member layer 210A at the
positions corresponding to the voids 234A by performing
etching using the mask layer 330. In the case where each first
member 210 is made of SiO,, the openings 234B can be
formed in the first member layer 210A by, for example,
performing dry etching using a fluorocarbon gas.

[0164] Next, as illustrated in FIG. 33, the first member
layer 210A is further deposited by using CVD or the like so
as to cover the openings 234B formed in the first member
layer 210A. At this time, the first member layer 210A is
isotropically deposited by using a CVD method in a low-
vacuum chamber, so that the top of the openings 234B is
sealed with the first member layer 210A to form voids 234.
[0165] The mechanism for this is that, in an isotropic CVD
method with a low-vacuum chamber as described above, the
source gas of CVD is unlikely to travel into a region of the
film deposition surface on which the recess structure is to be
formed, which results in a lower rate of deposition at the
bottom of the recess structure. Therefore, the use of an
isotropic CVD method with a low-vacuum chamber can
form the voids 234, with the openings 234B remaining
unfilled.

[0166] Note that the steps after the step in FIG. 33 are as
described with reference to FIG. 8 to FIG. 13, and the
description thereof is omitted here.

5. Fifth Embodiment

(5.1. Structure of Light Emitting Element)

[0167] Next, referring to FIG. 34, the structure of a light
emitting element 5 according to a fifth embodiment of the
present disclosure will be described. FIG. 34 is a cross-
sectional view of the light emitting element 5 according to
this embodiment cut in the stacking direction.

[0168] As illustrated in FIG. 34, the light emitting element
5 according to the fifth embodiment differs from the light
emitting element 1 according to the first embodiment in that
the inclination of the side walls of each first member 211
changes stepwise. Specifically, the side walls of each first
member 211 on the support layer 100 side are inclined more
steeply than the side walls of each first member 211 on the
top end side. Note that the elements other than the first
member 211 are as described with reference to FIG. 1, and
the description thereof is omitted here.

[0169] The first member 211 in which the angle of incli-
nation of the sidewalls changes stepwise in this manner can
be formed by, for example, performing etching stepwise
under multiple conditions with different anisotropies. Note
that the number of changes in the angle of inclination is at
least one, and the maximum number is not limited.

[0170] Inthe light emitting element 5 according to the fifth
embodiment, each first member 211 is formed in a small
region on the support layer 100, and each lower electrode
110 is thus formed in a large region, compared with the light
emitting element 1 according to the first embodiment. There-
fore, the area of the regions involved in light emission is
large in the light emitting element 5 according to the fifth
embodiment, which can realize higher brightness.

[0171] Note that, since the side walls of each first member
211 on the support layer 100 side are inclined steeply in the
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light emitting element 5 according to the fifth embodiment,
there is a possibility of low efficiency of the light reflection
part including the first member 211 and the second member
220 in collecting light on the opening side of the recess
structure 200. However, in the light emitting element 5, the
reflection by the light reflection part including the first
member 211 and the void 230 covers the light collection on
the opening side of the recess structure 200. Overall, the
efficiency of extraction of light from the organic light
emitting diode can be maintained.

(5.2. Method for Producing Light Emitting Element)

[0172] Next, referring to FIG. 35 to FIG. 40, a method for
producing the light emitting element 5 according to this
embodiment will be described. FIG. 35 to FIG. 40 are
cross-sectional views illustrating the steps of the method for
producing the light emitting element 5 according to this
embodiment.

[0173] First, as illustrated in FIG. 35, a metal layer 110A
is deposited on a support layer 100 by a sputtering method
or the like. The support layer 100 may be a substrate made
of glass, semiconductor, or resin, or may be an interlayer
insulating film made of an inorganic insulating material,
such as Si0,, SiN_, or SiON and disposed on a driver circuit
or the like. In addition, the metal layer 110A may be made
of, for example, an AlCu alloy.

[0174] Next, as illustrated in FIG. 36, the metal layer 110A
is patterned by a photolithography method or the like to form
lower electrodes 110.

[0175] Subsequently. as illustrated in FIG. 37, a first
member layer 211A is deposited on the metal layer 110A by
a CVD method or the like. The first member layer 211A may
be made of, for example, an inorganic insulating material,
such as SiO,. In addition, the first member layer 211A is
deposited isotropically at this time by using a CVD method
in a low-vacuum chamber. This process forms voids 230
between the lower electrodes 110.

[0176] Next, as illustrated in FIG. 38, a patterned resist
300 is formed on the first member layer 211A by using a
photolithography method or the like. The resist 300 may be
any known resist as long as the etching selectivity ratio
between the resist 300 and SiO, forming the first member
layer 211A is high. Moreover, a BARC film may be formed
between the resist 300 and the first member layer 211A in
order to prevent or reduce halation during photolithography.

[0177] Subsequently. as illustrated in FIG. 39 and FIG. 40,
the lower electrodes 110 are exposed by etching the first
member layer 211A stepwise using the patterned resist 300
as a mask, so that first members 211 that form the recess
structure 200 are formed. For example, in the case where the
first members 210 are made of SiO_, the first members 211
can be formed by using dry etching with a fluorocarbon gas.

[0178] Note that the first member layer 211A is etched
stepwise under multiple conditions with different anisotro-
pies. This process enables stepwise changes in inclination of
the sidewalls of the first members 211. The anisotropy of
etching can be controlled by, for example, changing the type
or pressure of etching gas used in dry etching.

[0179] Note that the steps after the step in FIG. 40 are as
described with reference to FIG. 8 to FIG. 13, and the
description thereof is omitted here.
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6. Application Examples

[0180] Next, referring to FIG. 41 to FIG. 44, application
examples of display elements including the light emitting
element according to any one of the embodiments of the
present disclosure will be described. FIG. 41 to FIG. 44 are
external views illustrating example electronic devices that
may include the display element according to an embodi-
ment of the present disclosure.

[0181] For example, a display element including the light
emitting element according to any one of the embodiments
of the present disclosure can be used in a display unit of
electronic devices, such as smartphones. Specifically, as
illustrated in FIG. 41, a smartphone 400 includes a display
unit 401 configured to display various types of information,
and an operation unit 403 including buttons or the like and
configured to receive an operation input from the user. Here,
the display unit 401 may include a display element including
the light emitting element according to any one of the
embodiments of the present disclosure.

[0182] In addition, for example, the display element
including the light emitting element according to any one of
the embodiments of the present disclosure can be used in a
display unit of electronic devices, such as digital cameras.
Specifically, as illustrated in FIG. 42 and FIG. 43, a digital
camera 410 includes a body (camera body) 411, an
exchangeable lens unit 413, a grip 415 to be gripped by the
user during shooting, a monitor 417 configured to display
various types of information, and an electronic view finder
(EVF) 419 configured to display a through-the-lens image to
be observed by the user during shooting. Note that FIG. 42
is an external view of the digital camera 410 as viewed from
the front (i.e., subject side), and FIG. 43 is an external view
of the digital camera 410 as viewed from the back (i.e.,
photographer side). Here, the monitor 417 and the EVF 419
may include the display element including the light emitting
element according to any one of the embodiments.

[0183] In addition, for example, the display element
including the light emitting element according to any one of
the embodiments of the present disclosure can be used in a
display unit of electronic devices, such as head mounted
displays (HMDs). Specifically, as illustrated in FIG. 44, the
HMD 420 includes a spectacles-shaped display unit 421
configured to display various types of information, and ear
hooks 423 to hook over the user’s ears during wearing. Here,
the display unit 421 may include the display element includ-
ing the light emitting element according to any one of the
embodiments of the present disclosure.

[0184] Note that electronic devices that may include the
display element including the light emitting element accord-
ing to any one of the embodiments of the present disclosure
is not limited to the above-described examples. The display
element including the light emitting element according to
any one of the embodiments of the present disclosure can be
used in a display unit of a wide range of electronic devices
that perform display on the basis of externally inputted
image signals or internally generated image signals.
Examples of such electronic devices include television
devices, electronic books, personal digital assistants
(PDAs), laptop personal computers, video cameras, and
game devices.

7. Conclusion

[0185] As described above, the light emitting element
according to any one of the embodiments of the present
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disclosure enables the light emitted from the organic light
emitting diode toward the side walls of the recess structure
to be efliciently reflected toward the opening of the recess
structure and can thus improve light extraction efliciency.

[0186] Also, according to the light emitting element
according to any one of the embodiments of the present
disclosure, the void formed inside each first member can
reduce parasitic capacitance and leakage current while
improving the light extraction efficiency, which makes it
possible to further reduce power consumption.

[0187] Furthermore, it is possible to provide a display
element in which a plurality of the light emitting element
according to any one of the embodiments of the present
disclosure is arranged on a plane. The display element
including the light emitting element according to any one of
the embodiments of the present disclosure can offer low
power consumption as well as high light extraction effi-
ciency.

[0188] Note that the fifth embodiment can be carried out
in combination with the first to fourth embodiments. It
should be understood that combinations thereof are also
within the technical scope of the present disclosure.

[0189] The preferred embodiment(s) of the present disclo-
sure has’have been described above with reference to the
accompanying drawings, whilst the present disclosure is not
limited to the above examples. A person skilled in the art
may find various alterations and modifications within the
scope of the appended claims, and it should be understood
that they will naturally come under the technical scope of the
present disclosure.

[0190] In the foregoing description, the display element in
which organic light emitting diodes are used as light emit-
ting elements is described as an embodiment of the present
disclosure, but the present disclosure is not limited to this
example. The display element in the present disclosure is
any of display elements that may realize color displays, such
as liquid crystal displays, plasma displays, and electronic
paper. In these other display elements, the same effect as in
the embodiments described above can be obtained as fol-
lows: a recess structure having a light emitting element at the
bottom is formed by first members having a void inside, and
the recess structure is embedded in a second member having
a refractive index higher than the first members. Here, the
light emitting element refers to a part that emits light toward
the outside and lies in each pixel of a display element. For
example, the light emitting element in the display element
described in the foregoing embodiments corresponds to the
organic layer (i.e., organic light emitting diode) sandwiched
between the lower electrode and the upper electrode. In
addition, the light emitting element in a liquid crystal display
corresponds to one pixel of a liquid crystal panel having a
backlight. Furthermore, the light emitting element in a
plasma display corresponds to one discharge cell of a plasma
display panel.

[0191] Further, the effects described in this specification
are merely illustrative or exemplified effects, and are not
limitative. That is, with or in the place of the above effects,
the technology according to the present disclosure may
achieve other effects that are clear to those skilled in the art
from the description of this specification.

[0192] Additionally, the present technology may also be
configured as below.



US 2019/0165322 Al

(1)

[0193] A light emitting element including:

[0194] a lower electrode disposed on a support layer;
[0195] first members disposed on the support layer so as to

surround the lower electrode to form a recess structure, the
first members each having a void inside;

[0196] an organic layer disposed on the lower electrode
and the first members and along the recess structure, the
organic layer containing an organic luminescent material;
[0197] an upper electrode disposed on the organic layer
and along the recess structure; and

[0198] a second member disposed above the upper elec-
trode such that the recess structure is embedded in the
second member, the second member having a higher refrac-
tive index than the first members.

@)

[0199] The light emitting element according to (1), in
which a cross section of the void when each first member is
cut in a thickness direction has a tapered shape that widens
toward the support layer.

©)

[0200] The light emitting element according to (2), in
which the cross section of the void when each first member
is cut in the thickness direction has a substantially triangular
shape.

4

[0201] The light emitting element according to (2), in
which the cross section of the void when each first member
is cut in the thickness direction has a substantially pentago-
nal shape.

Q)

[0202] The light emitting element according to (2), in
which the cross section of the void when each first member
is cut in the thickness direction has a concave polygon
shape.

(6)

[0203] The light emitting element according to any one of
(1) to (5), in which the first members each have a tapered
shape that widens toward the support layer.

%

[0204] The light emitting element according to (6), in
which a side wall of each first member on the support layer
side is inclined more steeply than the side wall of each first
member on a top end side of each first member.

®)

[0205] The light emitting element according to any one of
(1) to (7), in which the first members each have a refractive
index of 1.1 or more and 1.8 or less, and a difference in
refractive index between the second member and the first
members is (0.2 or more.

©)
[0206] A display element including
[0207] a plurality of light emitting elements arranged on a

plane, each of the light emitting elements including

[0208] a lower electrode disposed on a support layer,
[0209] first members disposed on the support layer so as to
surround the lower electrode to form a recess structure, the
first members each having a void inside,

[0210] an organic layer disposed on the lower electrode
and the first members and along the recess structure, the
organic layer containing a luminescent organic compound,
[0211] an upper electrode disposed on the organic layer
and along the recess structure, and
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[0212] a second member disposed above the upper elec-
trode such that the recess structure is embedded in the
second member, the second member having a higher refrac-
tive index than the first members.

(10)

[0213] A method for producing a light emitting element,
the method including:

[0214] forming a lower electrode on a support layer;
[0215] forming first members positioned to surround the
lower electrode on the support layer so as to form a recess
structure having the lower electrode as a bottom surface, the
first members each having a void inside;

[0216] forming an organic layer on the lower electrode
and the first members and along the recess structure, the
organic layer containing an organic luminescent material;
[0217] forming an upper electrode on the organic layer
and along the recess structure; and

[0218] forming a second member above the upper elec-
trode such that the recess structure is embedded in the
second member, the second member having a higher refrac-
tive index than the first members.

(1)

[0219] The method for producing a light emitting element
according to (10), in which the void is formed by using a
difference between a rate of deposition on the lower elec-
trode and a rate of deposition on the support layer in
deposition of the first members.

(12)

[0220] The method for producing a light emitting element
according to (10), in which, after the deposition of the first
members, the void is formed by forming an opening in each
first member by etching, and further depositing each first
member so as to cover the opening.

(13)

[0221] The method for producing a light emitting element
according to (12), in which the lower electrode is patterned
by etching simultaneously with the formation of the opening
in each first member.

(14)

[0222] The method for producing a light emitting element
according to any one of (10) to (13), in which the first
members are etched stepwise under a plurality of conditions
with different anisotropies during patterning for forming the
recess structure having the lower electrode as a bottom
surface.

REFERENCE SIGNS LIST

[0223] 1 light emitting element
[0224] 100 support layer
[0225] 110 lower electrode
[0226] 120 organic layer
[0227] 130 upper electrode
[0228] 140 protective layer
[0229] 200 recess structure
[0230] 210 first member
[0231] 220 second member
[0232] 230 void

1. A light emitting element comprising:
a lower electrode disposed on a support layer;

first members disposed on the support layer so as to
surround the lower electrode to form a recess structure,
the first members each having a void inside;
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an organic layer disposed on the lower electrode and the
first members and along the recess structure, the
organic layer containing an organic luminescent mate-
rial;

an upper electrode disposed on the organic layer and

along the recess structure; and

a second member disposed above the upper electrode such

that the recess structure is embedded in the second
member, the second member having a higher refractive
index than the first members.

2. The light emitting element according to claim 1,
wherein a cross section of the void when each first member
is cut in a thickness direction has a tapered shape that widens
toward the support layer.

3. The light emitting element according to claim 2,
wherein the cross section of the void when each first member
is cut in the thickness direction has a substantially triangular
shape.

4. The light emitting element according to claim 2,
wherein the cross section of the void when each first member
is cut in the thickness direction has a substantially pentago-
nal shape.

5. The light emitting element according to claim 2,
wherein the cross section of the void when each first member
is cut in the thickness direction has a concave polygon
shape.

6. The light emitting element according to claim 1,
wherein the first members each have a tapered shape that
widens toward the support layer.

7. The light emitting element according to claim 6,
wherein a side wall of each first member on the support layer
side is inclined more steeply than the side wall of each first
member on a top end side of each first member.

8. The light emitting element according to claim 1,
wherein the first members each have a refractive index of 1.1
or more and 1.8 or less, and a difference in refractive index
between the second member and the first members is 0.2 or
more.

9. A display element comprising

a plurality of light emitting elements arranged on a plane,

each of the light emitting elements including

a lower electrode disposed on a support layer,

first members disposed on the support layer so as to

surround the lower electrode to form a recess structure,
the first members each having a void inside,
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an organic layer disposed on the lower electrode and the
first members and along the recess structure, the
organic layer containing a luminescent organic com-
pound,

an upper electrode disposed on the organic layer and

along the recess structure, and

a second member disposed above the upper electrode such

that the recess structure is embedded in the second
member, the second member having a higher refractive
index than the first members.
10. A method for producing a light emitting element, the
method comprising:
forming a lower electrode on a support layer;
forming first members positioned to surround the lower
electrode on the support layer so as to form a recess
structure having the lower electrode as a bottom sur-
face, the first members each having a void inside;

forming an organic layer on the lower electrode and the
first members and along the recess structure, the
organic layer containing an organic luminescent mate-
rial;

forming an upper electrode on the organic layer and along

the recess structure; and

forming a second member above the upper electrode such

that the recess structure is embedded in the second
member, the second member having a higher refractive
index than the first members.

11. The method for producing a light emitting element
according to claim 10, wherein the void is formed by using
a difference between a rate of deposition on the lower
electrode and a rate of deposition on the support layer in
deposition of the first members.

12. The method for producing a light emitting element
according to claim 10, wherein, after the deposition of the
first members, the void is formed by forming an opening in
each first member by etching, and further depositing each
first member so as to cover the opening.

13. The method for producing a light emitting element
according to claim 12, wherein the lower electrode is
patterned by etching simultaneously with the formation of
the opening in each first member.

14. The method for producing a light emitting element
according to claim 10, wherein the first members are etched
stepwise under a plurality of conditions with different
anisotropies during patterning for forming the recess struc-
ture having the lower electrode as a bottom surface.

* ok % k&
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