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DISPLAY DEVICE AND ELECTRONIC
APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a display device
and an electronic apparatus.

BACKGROUND ART

[0002] In recent years, in a display device for use in a
mobile device, a demand for higher definition and lower
power consumption has increased.

[0003] For example, a display device using an organic
electroluminescent element (organic electro-luminescence
diode: OLED) disclosed in Patent Document 1 described
below is self-luminous and has low power consumption, and
therefore an application thereof for use in a mobile device
has been expected.

[0004] However, in such an organic electroluminescent
element, an organic light emitting layer is disposed in
common to all light emitting elements, and therefore leakage
of a drive current is likely to occur between adjacent light
emitting elements. Therefore, for example, Patent Document
2 described below discloses a technique for suppressing
leakage of a drive current occurring between adjacent light
emitting elements by increasing resistance of a highly con-
ductive layer (for example, a hole injection layer and a hole
transport layer) in an organic light emitting layer in a region
between light emitting elements.

CITATION LIST

Patent Document

[0005] Patent Document 1: Japanese Patent Application
Laid-Open No. 2015-149194

[0006] Patent Document 2: Japanese Patent Application
Laid-Open No. 2012-216338

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007] However, with the technique disclosed in Patent
Document 2 described above, it is difficult to sufficiently
eliminate a highly conductive path that leaks a drive current
in the organic light emitting layer. Therefore, in the display
device disclosed in Patent Document 2 described above, it is
difficult to sufficiently suppress leakage of a drive current
between adjacent light emitting elements.

[0008] Therefore, the present disclosure proposes a novel
and improved display device and electronic apparatus
capable of further suppressing leakage of a drive current
occurring between adjacent light emitting elements.

Solutions to Problems

[0009] The present disclosure provides a display device
including: a plurality of light emitting elements having an
organic light emitting layer sandwiched between a first
electrode disposed for each of the light emitting elements
and a second electrode in a lamination direction and arrayed
on a plane; and an insulating layer disposed between the first
electrodes, in which at least a part of a film thickness region
in the insulating layer contains a positively charged inor-
ganic nitride.
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[0010] Furthermore, the present disclosure provides an
electronic apparatus including a display unit including: a
plurality of light emitting elements having an organic light
emitting layer sandwiched between a first electrode disposed
for each of the light emitting elements and a second elec-
trode in a lamination direction and arrayed on a plane; and
an insulating layer disposed between the first electrodes, in
which at least a part of a film thickness region in the
insulating layer contains a positively charged inorganic
nitride.

[0011] The present disclosure can suppress generation of a
highly conductive path that leaks a drive current in an
organic light emitting layer.

Effects of the Invention

[0012] As described above, the present disclosure can
suppress leakage of a drive current occurring between
adjacent light emitting elements in a display device.
[0013] Note that the above effect is not necessarily limited.
Any one of effects described in the present specification or
another effect that can be grasped from the present specifi-
cation may be exhibited together with the above effect or in
place of the above effect.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a cross-sectional view of a display device
according to a first embodiment of the present disclosure, cut
in a lamination direction.

[0015] FIG. 2 is a cross-sectional view for explaining
leakage of a drive current in an organic light emitting layer.
[0016] FIG. 3 is a cross-sectional view illustrating one
step of a method for manufacturing the display device
according to the first embodiment.

[0017] FIG. 4 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the first embodiment.

[0018] FIG. 5 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the first embodiment.

[0019] FIG. 6 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the first embodiment.

[0020] FIG. 7 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the first embodiment.

[0021] FIG. 8 is a cross-sectional view of a display device
according to a second embodiment of the present disclosure,
cut in a lamination direction.

[0022] FIG. 9 is a cross-sectional view illustrating one
step of a method for manufacturing the display device
according to the second embodiment.

[0023] FIG. 10 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the second embodiment.

[0024] FIG. 11 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the second embodiment.

[0025] FIG. 12 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the second embodiment.

[0026] FIG. 13 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the second embodiment.
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[0027] FIG. 14 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the second embodiment.

[0028] FIG. 15 is a cross-sectional view illustrating one
step of the method for manufacturing the display device
according to the second embodiment.

[0029] FIG. 16 is a cross-sectional view of a display
device according to a first modification of the second
embodiment, cut in a lamination direction.

[0030] FIG. 17 is a cross-sectional view of a display
device according to a second modification of the second
embodiment, cut in a lamination direction.

[0031] FIG. 18 is a cross-sectional view of a display
device according to a third modification of the second
embodiment, cut in a lamination direction.

[0032] FIG. 19 is an external view illustrating an example
of an electronic apparatus to which the display device
according to either one of the embodiments of the present
disclosure can be applied.

[0033] FIG. 20 is an external view illustrating another
example of the electronic apparatus to which the display
device according to either one of the embodiments of the
present disclosure can be applied.

[0034] FIG. 21 is an external view illustrating another
example of the electronic apparatus to which the display
device according to either one of the embodiments of the
present disclosure can be applied.

[0035] FIG. 22 is an external view illustrating another
example of the electronic apparatus to which the display
device according to either one of the embodiments of the
present disclosure can be applied.

MODE FOR CARRYING OUT THE INVENTION

[0036] Preferable embodiments of the present disclosure
will be described in detail below with reference to the
accompanying drawings. Note that in the present specifica-
tion and the drawings, the same reference numerals are
given to constituent elements having substantially the same
functional configuration, and redundant explanation is omit-
ted.

[0037] Note that the description will be made in the
following order.

[0038] 1. First embodiment

[0039] 1.1. Configuration of display device

[0040] 1.2. Method for manufacturing display device
[0041] 2. Second embodiment

[0042] 2.1. Configuration of display device

[0043] 2.2. Method for manufacturing display device
[0044] 2.3. Modification

[0045] 3. Application example of display device
[0046] <I. First Embodiment>

[0047] [1.1. Configuration of Display Device]

[0048] First, with reference to FIG. 1, a configuration of a

display device according to a first embodiment of the present
disclosure will be described. FIG. 1 is a cross-sectional view
of the display device according to the first embodiment of
the present disclosure, cut in a lamination direction.

[0049] The display device according to the present
embodiment is a display device that displays an image or the
like, for example, by controlling light emission of each of a
plurality of light emitting elements arrayed on a plane. Each
of the plurality of light emitting elements arrayed on a plane
constitutes, for example, any one of red, green, and blue
sub-pixels, and these three sub-pixels constitute one pixel
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(in other words, one pixel). The display device according to
the present embodiment can control the color of each pixel
by controlling light emission of the three sub-pixels consti-
tuting a pixel, and can display an image based on an image
signal.

[0050] Note that, in the display device according to the
present embodiment, any configuration can be used as a
drive circuit that controls light emission of each of the light
emitting elements, a power supply circuit that supplies
power to the light emitting elements, or the like. Therefore,
these configurations are not illustrated below.

[0051] As illustrated in FIG. 1, the display device accord-
ing to the present embodiment includes a substrate 100, a
contact plug 111 disposed inside the substrate 100, a first
electrode 110 disposed on the substrate 100 for each of light
emitting elements, an insulating layer 120 disposed between
the first electrodes 110, an organic light emitting layer 130
disposed on the first electrode 110 and the insulating layer
120, a second electrode 140 disposed on the organic light
emitting layer 130, a protective layer 150 disposed on the
second electrode 140, and a color filter 161 and a shielding
layer 163 disposed on the protective layer 150. In other
words, the display device according to the present embodi-
ment may be a top emission type display device that extracts
light emitted by the light emitting elements from the pro-
tective layer 150 side.

[0052] The substrate 100 is a support that supports a
plurality of light emitting elements arrayed on one main
surface. Furthermore, although not illustrated, on the sub-
strate 100, a drive circuit including a sampling transistor and
a drive transistor that control driving of the light emitting
elements, and a power supply circuit that supplies power to
the light emitting elements may be disposed.

[0053] The substrate 100 may be constituted by, for
example, a glass or a resin having low moisture and oxygen
transmittance, or may be constituted by a semiconductor that
easily forms a transistor or the like. Specifically, the sub-
strate 100 may be a glass substrate such as a high strain point
glass, a soda glass, a borosilicate glass, forsterite, a lead
glass, or a quartz glass, a semiconductor substrate such as an
amorphous silicon or a polycrystalline silicon, or a resin
substrate such as polymethyl methacrylate, polyvinyl alco-
hol, polyvinyl phenol, polyether sulfone, polyimide, poly-
carbonate, polyethylene terephthalate, or polyethylene naph-
thalate.

[0054] The contact plug 111 electrically connects the first
electrode 110 to a drive circuit, a power supply circuit, and
the like. Specifically, the contact plug 111 electrically con-
nects the first electrode 110 to a drive circuit, a power supply
circuit, and the like (not illustrated) disposed inside the
substrate 100, and applies power for light emission of the
light emitting elements to the first electrode 110. The contact
plug 111 may contain, for example, a single metal such as
chromium (Cr), gold (Au), platinum (Pt), nickel (Ni), copper
(Cu), molybdenum (Mo), tungsten (W), titanium (Ti), tan-
talum (Ta), aluminum (Al). iron (Fe), or silver (Ag), or an
alloy thereof, or may be formed by laminating a plurality of
films of these metals.

[0055] The first electrode 110 is disposed on the substrate
100 for each of the light emitting elements, and functions as
an anode of each of the light emitting elements. Specifically,
the first electrode 110 may be formed as a light reflecting
electrode with a material having a high light reflectance and
a large work function. For example, the first electrode 110
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may contain a single metal such as Cr, Au, Pt, Ni, Cu, Mo,
W, Ti, Ta, Al, Fe, or Ag, or an alloy thereof, or may be
formed by laminating a plurality of films of these metals.
[0056] Furthermore, the first electrode 110 may be formed
as a transparent electrode with a transparent conductive
material such as indium zinc oxide or indium tin oxide. In
such a case, between the first electrode 110 and the substrate
100, a light reflecting layer containing a single metal such as
Cr, Au, Pt, Ni, Cu, Mo, W, Ti, Ta, Al, Fe, or Ag, or an alloy
thereof may be disposed.

[0057] The insulating layer 120 is disposed between the
adjacent first electrodes 110 to separate the light emitting
elements from each other. Specifically, the insulating layer
120 may be formed so as to cover a side surface of the first
electrode 110 in order not to expose the side surface of the
first electrode 110.

[0058] On the side surface of the first electrode 110, the
film thickness of the organic light emitting layer 130 tends
to be thin. Therefore, a drive voltage tends to be applied
locally thereto, and abnormal light emission tends to occur.
Furthermore, in a case where the first electrode 110 is
formed as a laminated film of a plurality of metal films, the
metal films have different work functions from one another.
Therefore, the side surface of the first electrode 110 where
each of the metal films is exposed tends to cause abnormal
light emission. Therefore, by covering the side surface of the
first electrode 110 with the insulating layer 120, it is possible
to prevent occurrence of abnormal light emission.

[0059] Furthermore, at least a part of a film thickness
region in the insulating layer 120 contains an inorganic
nitride and is positively charged. More specifically, at least
a part of a film thickness region in the insulating layer 120
may contain an inorganic nitride containing no oxygen atom.
As a result, as described later, the insulating layer 120 can
suppress generation of a highly conductive path that causes
leakage of a drive current in the organic light emitting layer
130.

[0060] Here, in the organic light emitting layer 130, a
mechanism in which a highly conductive path causing
leakage of a drive current is generated will be described with
reference to FIG. 2. FIG. 2 is a cross-sectional view for
explaining leakage of a drive current in the organic light
emitting layer 130.

[0061] In FIG. 2, the insulating layer 121 contains, for
example, an inorganic oxide (for example, silicon oxide)
which is a general insulating material. In such an insulating
layer 121, hydrogen is bonded to unstable oxygen contained
in the inorganic oxide to generate a hydroxy group. Since the
hydroxy group has a negative charge, many hydroxy groups
formed in the insulating layer 121 negatively charge the
insulating layer 121. As a result, the negatively charged
insulating layer 121 attracts a hole having a positive charge
to an interface of the organic light emitting layer 130 in
contact with the insulating layer 121.

[0062] Meanwhile, the organic light emitting layer 130 on
a side in contact with the insulating layer 121 is, for
example, a hole transport layer, and has a high hole mobility.
Therefore, holes attracted by the negatively charged insu-
lating layer 121 and accumulated easily form a highly
conductive path at the interface of the organic light emitting
layer 130 in contact with the insulating layer 121. Therefore,
in a case where the insulating layer 121 contains an inor-
ganic oxide, a drive current applied to the first electrode 110
passes through a path formed at the interface of the organic
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light emitting layer 130 in contact with the insulating layer
121 and easily leaks to the first electrode 110 of an adjacent
light emitting element.

[0063] In particular, an inorganic oxide film formed using
low-temperature plasma is relatively weak in bonding
between atoms and easily generates a defect, and therefore
easily generates unstable oxygen to form a hydroxy group.
Therefore, in a case where the insulating layer 121 is formed
by chemical vapor deposition (CVD) using low-temperature
plasma, atomic layer deposition (ALD), or the like, a highly
conductive path is easily formed, and leakage of a drive
current easily occurs at the interface of the organic light
emitting layer 130.

[0064] In the display device according to the present
embodiment, as illustrated in FIG. 1, the insulating layer 120
contains an inorganic nitride and is positively charged.
Therefore, a hole is not attracted to the interface of the
organic light emitting layer 130 in contact with the insulat-
ing layer 120. Therefore, a path through which a leak current
flows is hardly formed in the organic light emitting layer 130
in contact with the insulating layer 120. Therefore, the
display device according to the present embodiment can
prevent leakage of a drive current between the first elec-
trodes 110.

[0065] This is because bond energy between atoms in an
inorganic nitride is higher than bond energy between atoms
in an inorganic oxide, and the insulating layer 120 contain-
ing an inorganic nitride hardly generates a defect in an
atomic bond that is a basis for generating a hydroxy group,
for example. Furthermore, another reason is that the insu-
lating layer 120 containing an inorganic nitride does not
contain oxygen and hardly generates a hydroxy group.
Therefore, by using an inorganic nitride, it is possible to
form the insulating layer 120 not negatively charged but
positively charged.

[0066] Specifically, the insulating layer 120 can contain
silicon nitride (SiN,) or the like. Furthermore, in order to
charge the insulating layer 120 more positively, a ratio of
Si—H/N—H of a silicon nitride forming the insulating layer
120 may be less than 1%.

[0067] A film of silicon nitride is formed, for example, by
reacting a Si-containing gas (for example, SiH,) and a
N-containing gas (for example, NH,) by CVD or the like.
Therefore, the silicon nitride film contains a hydrogen atom
contained in the source gases. At this time, as the ratio of
Si—H/N—H is smaller and the amount of hydrogen atoms
contained in the silicon nitride film is smaller, a hydroxyl
group is less likely to be generated. Therefore, by using
silicon nitride in which the ratio of Si—H/N—H is less than
1%, it is possible to form the insulating layer 120 more
strongly positively charged. Such an insulating layer 120
with a small content of hydrogen atoms can be formed, for
example, by controlling a flow rate of source gases such that
the number of hydrogen atoms contained in the source gases
in CVD is small.

[0068] Note that the method for forming the insulating
layer 120 that is positively charged and does not attract a
hole to the interface with the organic light emitting layer 130
is not limited to the method described above. For example,
the positively charged insulating layer 120 can also be
formed by doping a layer containing an insulating material
other than an inorganic nitride with a nitrogen atom, a
fluorine atom, or the like.
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[0069] Moreover, the insulating layer 120 may be formed,
for example, as a multilayer laminated film with a plurality
of insulating films. In such a case, at least one of the plurality
of insulating films constituting the insulating layer 120 is
formed as a film positively charged with an inorganic nitride.
[0070] For example. the insulating layer 120 may be
formed as a multilayer film obtained by laminating a film
containing an inorganic nitride and a film containing an
inorganic oxide from the substrate 100 side. In such a case,
even if the film containing an inorganic oxide is in contact
with the organic light emitting layer 130, the film containing
an inorganic nitride is positively charged, and therefore can
cancel a negative charge generated in the film containing an
inorganic oxide. As a result, the film containing an inorganic
nitride can prevent the entire insulating layer 120 from being
negatively charged, and therefore can prevent generation of
a highly conductive path in the organic light emitting layer
130.

[0071] However, the film containing an inorganic nitride
may be disposed on a side of the insulating layer 120 in
contact with the organic light emitting layer 130. In such a
case, the film containing an inorganic nitride can positively
charge a surface of the insulating layer 120, and therefore
can reliably suppress generation of a highly conductive path
at an interface of the organic light emitting layer 130 in
contact with the insulating layer 120.

[0072] As described above, in a case where the insulating
layer 120 is constituted by a plurality of insulating films,
characteristics required as the insulating layer 120 can be
controlled for each of the insulating films. For example, it is
possible to select each of the plurality of insulating films
constituting the insulating layer 120 in consideration of
stability of an interface between the organic light emitting
layer 130 and the insulating layer 120 and an interface
between the substrate 100 and the insulating layer 120.
Furthermore, when the insulating layer 120 is patterned
using etching or the like, by constituting the insulating layer
120 by aplurality of insulating films having different etching
resistances, progress of etching can be easily controlled.
Therefore, in a case where the insulating layer 120 is
constituted by a plurality of insulating films, productivity of
the display device can also be improved.

[0073] The organic light emitting layer 130 contains an
organic light emitting material, and is disposed on the first
electrode 110 and the insulating layer 120 as a continuous
film common to all the light emitting elements. Furthermore,
the organic light emitting layer 130 emits light by applica-
tion of an electric field between the first electrode 110 and
the second electrode 140.

[0074] Specifically, in a case where an electric field is
applied, into the organic light emitting layer 130, a hole is
injected from the first electrode 110, and an electron is
injected from the second electrode 140. The injected hole
and electron recombine in the organic light emitting layer
130 to form an exciton, and energy of the exciton excites an
organic light emitting material to generate fluorescence or
phosphorescence from the organic light emitting material.
[0075] Here, the organic light emitting layer 130 may have
a multilayer structure obtained by laminating a plurality of
functional layers. For example, the organic light emitting
layer 130 may have a structure formed by sequentially
laminating a hole injection layer, a hole transport layer, a
light emitting layer, an electron transport layer, and an
electron injection layer from the first electrode 110 side.
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Furthermore, the organic light emitting layer 130 may have
a so-called tandem structure in which a plurality of light
emitting layers is connected to one another via a charge
generation layer or an intermediate electrode.

[0076] The hole injection layer and the hole transport layer
are layers that contain a hole transport material and enhance
injection efficiency of a hole from the first electrode 110.
[0077] Examples of the hole transport material include
benzine, styrylamine, triphenylamine, porphyrin, triph-
enylene, azatriphenylene, tetracyanoquinodimethane, triaz-
ole, imidazole, oxadiazole, polyarylalkane, phenylenedi-
amine, arylamine, oxazole, anthracene, fluorenone,
hydrazone, stilbene, and derivatives thereof.

[0078] Specific examples of the hole transport material
include c-naphthylphenylphenylenediamine (a-NPD), por-
phyrin, metal tetraphenylporphyrin, metal naphthalocya-
nine, hexacyanoazatriphenylene (HAT), 7,7,8,8-tetracyano-
quinodimethane  (TCNQ),  7,7,8,8-tetracyano-2,3.5,6-
tetrafluoroquinodimethane (F4-TCNQ), tetracyano 4.,4.4-
tris(3-methylphenylphenylamino) triphenylamine, N,N,N',
N'-tetrakis(p-tolyl) ~ p-phenylenediamine, ~ N,N,N'N'-
tetraphenyl-4,4'-diaminobiphenyl, N-phenylcarbazole, and
4-di-p-tolylamino stilbene.

[0079] The light emitting layer is a layer that contains at
least one or more of a hole transport material, an electron
transport material, or a both charge transport material as host
materials, and a fluorescent or phosphorescent organic light
emitting material as a dopant material, and converts electric
energy into light energy.

[0080] Examples of the host material include a styryl
derivative, an anthracene derivative, a naphthacene deriva-
tive, a carbazole derivative, an aromatic amine derivative, a
phenanthroline derivative, a triazole derivative, a quinolino-
lato-based metal complex, and a phenanthroline derivative.
[0081] Furthermore, examples of the dopant material (or-
ganic light emitting material) include a known fluorescent
material and phosphorescent material. Examples of the
known fluorescent material include a dye material such as a
styryl benzene-based dye, an oxazole-based dye, a perylene-
based dye, a coumarin-based dye, or an acridine-based dye,
a polyaromatic hydrocarbon-based material such as an
anthracene derivative, a naphthacene derivative, a pentacene
derivative, or a chrysene derivative, a pyrromethene skel-
eton material, a quinacridone-based derivative, a cyanom-
ethylenepyran-based derivative, a benzothiazole-based
derivative, a benzimidazole-based derivative, and a metal
chelated oxinoid compound. Furthermore, examples of the
known phosphorescent material include an organometallic
complex containing at least one metal selected from the
group consisting of ruthenium (Ru), rhodium (Rh), palla-
dium (Pd), silver (Ag), rhenium (Re), osmium (Os), iridium
(Ir), platinum (Pt), and gold (Au). Specific examples of the
phosphorescent material include a complex having a noble
metal element such as Ir as a central metal, such as Ir(ppy);,
a complex such as Ir(bt),acac,, and a complex such as
PtOEt;.

[0082] Furthermore, the light emitting layer may emit
light corresponding to each color of the display device in
place of white. For example, a red light emitting layer that
emits red light can be formed by mixing 30% by mass of
2,6-bis[(4'-methoxydiphenylamino)  styryl]-1,5-dicyanon-
aphthalene (BSN) with 4,4-bis(2,2-diphenylvinin) biphenyl
(DPVBI) Furthermore, a green light emitting layer that emits
green light can be formed by mixing 5% by mass of
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coumarin 6 with DPVBi. Moreover, a blue light emitting
layer that emits blue light can be formed by mixing 2.5% by
mass of 4,4'-bis[2-{4-(N,N-diphenylamino) phenyl} vinyl]
biphenyl (DPAVBI) with DPVBi.

[0083] The electron transport layer is a layer that contains
an electron transport material and enhances injection effi-
ciency of an electron from the second electrode 140.
[0084] Examples of the electron transport material include
tris(8-quinolinolato) aluminum (Alg;) and a compound hav-
ing a nitrogen-containing aromatic ring. Specific examples
of the electron transport material include the above tris(8-
quinolinolato) aluminum (Alg,), 2,9-dimethyl-4,7-diphe-
nyl-1,10-phenanthroline (BCP), and bathophenanthroline
(Bphen). Note that the electron transport layer may be
constituted by a plurality of layers. In a case where the
electron transport layer is constituted by a plurality of layers,
the electron transport layer may contain a layer further
doped with an alkali metal element or an alkaline earth metal
element.

[0085] The electron injection layer is a layer that enhances
injection efliciency of an electron from the second electrode
140. The electron injection layer may contain, for example,
lithium fluoride (LiF), sodium chloride (NaCl), cesium
fluoride (CsF), lithium oxide (Li,0), or barium oxide (BaO).
[0086] The second electrode 140 functions as a cathode of
the light emitting elements, and is disposed on the organic
light emitting layer 130 as a continuous film common to all
the light emitting elements. Specifically, the second elec-
trode 140 may be formed as a light transmitting electrode
with a material having high light transmittance and a small
work function. For example, the second electrode 140 may
contain a transparent conductive material such as indium tin
oxide, indium zine oxide, zinc oxide, aluminum-doped zinc
oxide, or gallium-doped zinc oxide, and may be formed as
a thin film having a thin thickness (for example, 30 nm or
less) to a degree to which light transmits with an alloy of a
metal such as aluminum (Al), magnesium (Mg), silver (Ag),
calcium (Ca), or sodium (Na). Furthermore, the second
electrode 140 may be formed by laminating a plurality of
films containing the above metal or alloy.

[0087] The protective layer 150 is disposed on the second
electrode 140 to prevent moisture and oxygen from entering
the organic light emitting layer 130. Furthermore, the pro-
tective layer 150 improves the mechanical strength of the
display device. Specifically, the protective layer 150 may
contain a material having high light transmittance and low
water transmittance. For example, the protective layer 150
may contain silicon oxide (8i0,), silicon nitride (SiN,),
aluminum oxide (AlQ,), or a combination thereof.

[0088] The color filter 161 and the shielding layer 163
define a pixel or a sub-pixel of the display device. For
example, the color filter 161 may be a red filter, a green filter,
or a blue filter. The color filter 161 can divide light emitted
from the light emitting elements by color and extract the
light. The color filter 161 may contain, for example, a resin
containing a pigment or a dye.

[0089] Furthermore, the shielding layer 163 is a so-called
black matrix, and is patterned in a matrix in accordance with
arrangement of pixels or sub-pixels of the display device.
The shielding layer 163 can improve contrast of the display
device by shielding unnecessary external light or the like
reflected by wiring or the like between pixels or sub-pixels.
The shielding layer 163 may contain, for example, a black
material such as chromium (Cr) or graphite.
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[0090] As described above, in the display device accord-
ing to the present embodiment, by disposing the insulating
layer 120 in which a part of the film thickness region is
positively charged, it is possible to suppress formation of a
path in which the conductivity is increased by accumulating
holes in the organic light emitting layer 130. Therefore, the
display device according to the present embodiment can
suppress occurrence of leakage of a drive current between
the first electrodes 110 of adjacent light emitting elements.

[0091] [1.2. Method for Manufacturing Display Device]

[0092] Subsequently. a method for manufacturing the dis-
play device according to the present embodiment will be
described with reference to FIGS. 3 to 7. FIGS. 3 to 7 are
cross-sectional views illustrating steps of the method for
manufacturing the display device according to the present
embodiment.

[0093] First, as illustrated in FIG. 3, the substrate 100 in
which a drive circuit (not illustrated), a power supply circuit
(not illustrated), and the contact plug 111 electrically con-
nected to these circuits are formed is prepared. For example,
the substrate 100 may be a silicon substrate that easily forms
a transistor or the like.

[0094] Next, as illustrated in FIG. 4, the first electrode 110
is formed for each of the light emitting elements on the
substrate 100 so as to be connected to the contact plug 111
using sputtering or the like. For example, the first electrode
110 may contain an aluminum copper alloy (AlCu), or may
be constituted by a multilayer film obtained by sequentially
laminating an aluminum copper alloy (AlCu) and indium tin
oxide from the substrate 100 side.

[0095] At this time, a region between the first electrodes
110 of the light emitting elements may be dug by etching or
the like. As a result, the first electrodes 110 are more reliably
separated from one another, and therefore separation per-
formance of each of the light emitting elements can be
improved.

[0096] Subsequently, as illustrated in FIG. 5, the insulat-
ing layer 120 is formed between the first electrodes 110
using CVD or the like. Specifically, the insulating layer 120
is first formed on the entire surface of the substrate 100, and
then an opening is formed using etching or the like such that
an upper surface of the first electrode 110 is exposed. As a
result, the insulating layer 120 can be formed so as to cover
a side surface of the first electrode 110.

[0097] Here, in a case where the first electrode 110 con-
tains a transparent conductive material such as indium tin
oxide, it may be difficult to remove an organic substance
such as a resist from a top of the indium tin oxide after
etching. Therefore, in such a case, after etching of the
insulating layer 120 proceeds halfway, by removing a resist
and then etching (so-called etching back) the entire surface
uniformly, the insulating layer 120 may be patterned. In a
case where it is required to precisely control the progress of
etching as described above, the insulating layer 120 may be
formed as a multilayer film obtained by laminating a plu-
rality of insulating films having different etching resistances

[0098] For example, the insulating layer 120 may be
constituted by a single layer of silicon nitride (SiN_), or may
be constituted by a laminated film of silicon oxide (SiO,)
and silicon nitride (SiN,). In a case where the insulating
layer 120 is constituted by a laminated film of silicon oxide
and silicon nitride, either film may be in contact with the
organic light emitting layer 130. However, in order to further
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suppress leakage of a drive current, a film containing silicon
nitride is desirably in contact with the organic light emitting
layer 130.

[0099] Subsequently, as illustrated in FIG. 6, the organic
light emitting layer 130 and the second electrode 140 are
sequentially formed on the entire surface of the first elec-
trode 110 and the insulating layer 120. For example, the
organic light emitting layer 130 may be formed by sequen-
tially forming a hole injection layer, a hole transport layer,
a light emitting layer, an electron transport layer, a light
emitting layer, an electron transport layer, and an electron
injection layer from the first electrode 110 side using a
vacuum vapor deposition method or the like. For example,
the materials described above can be used for materials of
the layers constituting the organic light emitting layer 130.
Furthermore, the second electrode 140 may also be formed
by forming a film of a transparent conductive material such
as indium zinc oxide or indium tin oxide using sputtering or
the like.

[0100] Next, as illustrated in FIG. 7, the protective layer
150 is formed on the second electrode 140 using CVD or the
like. For example, the protective layer 150 may contain
silicon oxide (SiO,), silicon nitride (SiN,), or silicon oxyni-
tride (SiON).

[0101] Moreover, by performing patterning using photo-
lithography or the like, the color filter 161 and the shielding
layer 163 are formed on the protective layer 150. Specifi-
cally, first, the shielding layer 163 is formed on the entire
surface of the protective layer 150, and then patterning is
performed for each pixel or sub-pixel using photolithogra-
phy or the like to form an opening in the shielding layer 163.
Thereafter, by forming the color filter 161 corresponding to
each color in the opening of the shielding layer 163, the
color filter 161 and the shielding layer 163 can be formed.
[0102] The display device according to the present
embodiment can be manufactured through the above steps.
Note that the above manufacturing method is merely an
example, and the method for manufacturing the display
device according to the present embodiment is not limited to
the above.

[0103] <2. Second Embodiment>
[0104] [2.1. Configuration of Display Device]
[0105] Next, with reference to FIG. 8, a configuration of

a display device according to a second embodiment of the
present disclosure will be described. FIG. 8 is a cross-
sectional view of the display device according to the second
embodiment of the present disclosure, cut in a lamination
direction.

[0106] As illustrated in FIG. 8, the display device accord-
ing to the present embodiment includes a substrate 200, a
first electrode 210 disposed on the substrate 200, a first
member 270 forming a recess structure having the first
electrode 210 as a bottom, an insulating layer 220 disposed
along the first member 270, an organic light emitting layer
230 disposed on the first electrode 210 and the insulating
layer 220, a second electrode 240 disposed on the organic
light emitting layer 230, a protective layer 250 disposed on
the second electrode 240, a second member 280 disposed on
the protective layer 250 and having the recess structure
embedded therein, and a color filter 260 disposed on the
second member 280.

[0107] In other words, in the display device according to
the present embodiment, a light emitting element is formed
inside the recess structure having the first electrode 210 as
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a bottom and having the first member 270 disposed between
the light emitting elements as a side wall. Furthermore, in
the display device according to the present embodiment, the
recess structure having a light emitting element therein is
embedded by the second member 280 having a larger
refractive index than the first member 270. As a result, the
first member 270 and the second member 280 can function
as a light reflecting portion that reflects incident light
because a magnitude relationship of the refractive index
satisfies the condition of total reflection. Therefore, the
display device according to the present embodiment can
improve the light extraction efficiency from a light emitting
element by forming the light emitting element inside the
recess structure and causing a side wall of the recess
structure to function as a light reflecting portion.

[0108] Note that among the components illustrated in FIG.
8, description of a specific material of a component having
the same name as each of the components illustrated in FIG.
1 is substantially similar to that in FIG. 1, and therefore
detailed description thereof is omitted here.

[0109] The substrate 200 is a support that supports a
plurality of light emitting elements arrayed on one main
surface. Although not illustrated, on the substrate 200, a
drive circuit that controls driving of the light emitting
elements, a power supply circuit that supplies power to the
light emitting elements, and a contact plug that electrically
connects these circuits to the first electrode 210 may be
disposed.

[0110] The first electrode 210 is disposed on the substrate
200 for each of the light emitting elements, and functions as
an anode of each of the light emitting elements. Further-
more, the first electrode 210 is disposed at a bottom of the
recess structure having the first member 270 as a side wall.
Specifically, the first electrode 210 may be formed as a light
reflecting electrode with a material having a high light
reflectance and a large work function.

[0111] The first member 270 is disposed between the light
emitting elements on the substrate 200 to separate the light
emitting elements from each other. Specifically, the first
member 270 is formed around the first electrode 210 in a
substantially trapezoidal shape (in other words, a tapered
shape) having an inclined portion. As a result, the first
member 270 can form a recess structure (in other words, an
inversely tapered shape) having the first electrode 210 as a
bottom and having the opposite side to the substrate 200
open. The first member 270 may contain a low refractive
index material having a smaller refractive index than the
second member 280. The first member 270 may be formed
by, for example, an organic insulating film such as a poly-
imide-based resin, an acrylic resin, or a novolac-based resin,
or an inorganic insulating film such as silicon oxide (SiO,),
silicon nitride (SiN,), or silicon oxynitride (SiON).

[0112] The insulating layer 220 is disposed along the first
member 270 between the adjacent first electrodes 210.
Furthermore, at least a part of a film thickness region in the
insulating layer 220 contains a positively charged inorganic
nitride. As a result, the insulating layer 220 can suppress
generation of a highly conductive path in the organic light
emitting layer 230, and therefore can suppress leakage of a
drive current.

[0113] The organic light emitting layer 230 contains an
organic light emitting material, and is disposed on the first
electrode 210 and the insulating layer 220 along the recess
structure as a continuous film common to all the light
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emitting elements. For example, the organic light emitting
layer 230 may have a structure in which a hole injection
layer, a hole transport layer, a light emitting layer, an
electron transport layer, and an electron injection layer are
sequentially laminated from the first electrode 210 side.
[0114] The second electrode 240 functions as a cathode of
the light emitting elements, and is disposed on the organic
light emitting layer 230 along the recess structure as a
continuous film common to all the light emitting elements.
Specifically, the second electrode 240 may be formed as a
light transmitting electrode with a material having high light
transmittance and a small work function.

[0115] The protective layer 250 is disposed on the second
electrode 240 to prevent moisture and oxygen from entering
the organic light emitting layer 230. Furthermore, in order to
increase the light reflecting efliciency of the protective layer
250 due to a difference in refractive index between the first
member 270 and the second member 280, at least the
refractive index of the protective layer 250 on a side in
contact with the second member 280 is desirably large. For
example, the protective layer 250 may be formed by a
multilayer film obtained by sequentially laminating a layer
containing silicon nitride (SiN,) or silicon oxide (810,) and
a laminated film containing AlO, and TiO, having a large
refractive index from the second electrode 240 side.
[0116] The second member 280 is disposed on the pro-
tective layer 250 so as to embed the recess structure formed
by the first member 270. The second member 280 contains
a high refractive index material having a refractive index
larger than the first member 270. The second member 280
may be formed by, for example, a transparent organic
insulating film such as a polyimide-based resin, an acrylic
resin, or a novolac-based resin, or a transparent inorganic
insulating film such as silicon oxide (Si0,), silicon nitride
(SiN,), or silicon oxynitride (SION). As a result, the first
member 270 and the second member 280 can function as a
light reflecting portion that reflects light emitted from the
light emitting elements, and therefore can improve the light
extraction efficiency of the light emitting elements.

[0117] Note that the second member 280 having a larger
refractive index can be formed, for example, by using a resin
containing many substituents having high molecular refrac-
tion, such as a sulfur-containing substituent, a phosphorus-
containing substituent, or an aromatic ring, in a molecular
structure thereof. Furthermore, the second member 280
having a larger refractive index can also be formed by
incorporating a high refractive index inorganic filler such as
TiO, or ZrO, into the second member 280.

[0118] The color filter 260 defines the color of a pixel or
sub-pixel of the display device. For example, the color filter
260 may be a red filter, a green filter, or a blue filter. The
color filter 260 can divide light emitted from the light
emitting elements by color and extract the light. Note that a
shielding layer which is a black matrix may be disposed in
place of the color filter 260 in a region other than the pixels.
[0119] As described above, the display device according
to the present embodiment can improve the light extraction
efficiency of a light emitting element by forming the light
emitting element inside the recess structure and causing a
side wall of the recess structure to function as a light
reflecting portion. Furthermore, even in such a case, by
disposing the insulating layer 220 positively charged by an
inorganic nitride along the first member 270 between the
adjacent first electrodes 210, it is possible to suppress
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occurrence of leakage of a drive current between the first
electrodes 210 of adjacent light emitting elements.

[0120] [2.2. Method for Manufacturing Display Device]
[0121] Next, a method for manufacturing the display
device according to the present embodiment will be
described with reference to FIGS. 9 to 15. FIGS. 9 to 15 are
cross-sectional views illustrating steps of the method for
manufacturing the display device according to the present
embodiment.

[0122] First, as illustrated in FIG. 9, the first electrode 210
is formed using sputtering or the like on the substrate 200 in
which a drive circuit, a power supply circuit, and a contact
plug (not illustrated) electrically connected to these circuits
are formed. For example, the substrate 200 may be a silicon
substrate that easily forms a transistor or the like. Further-
more, the first electrode 210 may contain an aluminum
copper alloy (AlCu), or may be constituted by a multilayer
film obtained by sequentially laminating an aluminum cop-
per alloy (AlCu) and indium tin oxide from the substrate 200
side.

[0123] Next, as illustrated in FIG. 10, a first member layer
271 is formed on the substrate 200 and the first electrode 210
using CVD or the like. The first member layer 271 is a layer
on which the first member 270 is formed by being patterned
by etching in a later stage, and may contain, for example,
silicon oxide (Si0,).

[0124] Subsequently. as illustrated in FIG. 11, the first
member layer 271 is patterned so as to expose the first
electrode 210 using etching or the like to form the recess
structure having the first electrode 210 as a bottom and
having the first member 270 as a side wall.

[0125] Next, as illustrated in FIG. 12, the insulating layer
120 is formed between the first electrodes 210 along the first
member 270 using CVD or the like. For example, the
insulating layer 220 may contain silicon nitride (SiN,).
[0126] Subsequently, as illustrated in FIG. 13, the organic
light emitting layer 230 is formed along the recess structure
on the first electrode 210 and the insulating layer 220 using
a vacuum vapor deposition method or the like. For example,
the organic light emitting layer 230 may be formed by
sequentially forming a hole injection layer, a hole transport
layer, a light emitting layer, an electron transport layer, and
an electron injection layer from the first electrode 210 side.
The materials described above can be used for materials of
the layers constituting the organic light emitting layer 230.
[0127] Next, as illustrated in FIG. 14, the second electrode
240 is formed on the organic light emitting layer 230 using
sputtering or the like, and the protective layer 250 is formed
on the second electrode 240. For example, the second
electrode 240 may be formed by forming a film of a
transparent conductive material such as indium zinc oxide or
indium tin oxide. Furthermore, the protective layer 250 may
be formed, for example, by forming a SiN_ film using CVD
or the like, and then forming a high refractive index lami-
nated film of AlO_ and TiO_ on the SiN_ film using ALD or
the like.

[0128] Subsequently. as illustrated in FIG. 15, the second
member 280 is formed on the protective layer 250 so as to
embed the recess structure, and the color filter 260 is formed
on the second member 280. For example, the second mem-
ber 280 can be formed so as to embed the recess structure on
the protective layer 250 by using a spin coating method or
the like. Alternatively, by forming the second member 280
on the entire surface of the protective layer 250 and then
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removing the second member 280 other than the inside of
the recess structure using a photolithography method, the
second member 280 can be formed. For example, the second
member 280 may contain an acrylic resin in which a filler of
TiO, or ZrO, is dispersedly contained.

[0129] Furthermore, the color filter 260 is formed on the
second member 280 by performing patterning using photo-
lithography or the like. Specifically, first, a black matrix
which is a shielding layer is formed on the entire surface of
the second member 280, and then an opening is formed in
the black matrix using photolithography or the like. There-
after, by forming any one of a red filter, a green filter, and a
blue filter in the opening, the color filter 260 can be formed.
[0130] The display device according to the present
embodiment can be manufactured through the above steps.
Note that the above manufacturing method is merely an
example, and the method for manufacturing the display
device according to the present embodiment is not limited to
the above.

[0131] [2.3. Modification]

[0132] Subsequently, modifications of the display device
according to the present embodiment will be described with
reference to FIGS. 16 to 18. These modifications are
examples in which a region where the insulating layer 220
is formed is different from that in the display device illus-
trated in FIG. 8. Even in the cases of these modifications, the
display device according to the present embodiment can
suppress occurrence of leakage of a drive current between
adjacent light emitting elements.

[0133] (First Modification)

[0134] First, a display device according to a first modifi-
cation of the present embodiment will be described with
reference to FIG. 16. FIG. 16 is a cross-sectional view of the
display device according to the first modification, cut in a
lamination direction.

[0135] Asillustrated in FIG. 16, the display device accord-
ing to the first modification is different from the display
device illustrated in FIG. 8 in that an insulating layer 221
(corresponding to the insulating layer 220) is not disposed
on an inclined portion of the first member 270 but is
disposed on a flat portion of the first member 270 outside the
recess structure.

[0136] The insulating layer 221 is disposed on the flat
portion of the first member 270 to electrically separate light
emitting elements from each other. Furthermore, the insu-
lating layer 221 contains an inorganic nitride and is posi-
tively charged. As a result, the insulating layer 221 can
suppress generation of a highly conductive path that causes
leakage of a drive current at an interface of the organic light
emitting layer 230 in contact with the insulating layer 221.

[0137] In the display device according to the first modi-
fication, the inclined portion of the first member 270 can be
brought into contact with the organic light emitting layer
230. Therefore, light emitted from the organic light emitting
layer 230 can be reflected more efficiently in the first
member 270 using a difference in refractive index. Mean-
while, the insulating layer 221 can block a highly conductive
path generated in the organic light emitting layer 230 in a
region above the flat portion of the first member 270 where
the insulating layer 221 is in contact with the organic light
emitting layer 230, and therefore can suppress occurrence of
leakage of a drive current between adjacent light emitting
elements.
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[0138] Therefore, the display device according to the first
modification can improve the light extraction efficiency
from a light emitting element while suppressing leakage of
a drive current between adjacent light emitting elements.
[0139] (Second Modification)

[0140] Next, a display device according to a second modi-
fication of the present embodiment will be described with
reference to FIG. 17. FIG. 17 is a cross-sectional view of the
display device according to the second modification, cut in
a lamination direction.

[0141] Asillustrated in FIG. 17, the display device accord-
ing to the second modification is different from the display
device illustrated in FIG. 8 in that a reflective auxiliary layer
224 is disposed between an insulating layer 223 (corre-
sponding to the insulating layer 220) and the organic light
emitting layer 230.

[0142] The insulating layer 223 is disposed along the first
member 270 between the first electrodes 210 to electrically
separate light emitting elements from each other. Further-
more, the insulating layer 223 contains an inorganic nitride
and is positively charged. As a result, the insulating layer
223 can suppress generation of a highly conductive path that
causes leakage of a drive current at an interface of the
organic light emitting layer 230 in contact with the insulat-
ing layer 223.

[0143] The reflective auxiliary layer 224 is disposed
between the insulating layer 223 (corresponding to the
insulating layer 220) and the organic light emitting layer 230
at an inclined portion of the first member 270. Furthermore,
the reflective auxiliary layer 224 contains an insulating
material having a smaller refractive index than the organic
light emitting layer 230. In particular, the reflective auxiliary
layer 224 desirably contains an insulating material having a
larger difference in refractive index from the organic light
emitting layer 230. For example, the reflective auxiliary
layer 224 may contain silicon oxide (SiO,).

[0144] In the display device according to the second
modification, the reflective auxiliary layer 224 having a
smaller refractive index than the organic light emitting layer
230 and a large difference in refractive index from the
organic light emitting layer 230 is disposed in the inclined
portion of the first member 270. As a result, the display
device according to the second modification can improve the
light extraction efficiency of a light emitting element by
reflecting light emitted from the organic light emitting layer
230 at an interface between the organic light emitting layer
230 and the reflective auxiliary layer 224. Meanwhile, the
insulating layer 223 can block a highly conductive path
generated in the organic light emitting layer 230 in a region
above the flat portion of the first member 270 where the
insulating layer 223 is in contact with the organic light
emitting layer 230, and therefore can suppress occurrence of
leakage of a drive current between adjacent light emitting
elements.

[0145] Therefore, the display device according to the
second modification can improve the light extraction effi-
ciency of a light emitting element while suppressing leakage
of a drive current between adjacent light emitting elements.
[0146] (Third Modification)

[0147] Next, a display device according to a third modi-
fication of the present embodiment will be described with
reference to FIG. 18. FI1G. 18 is a cross-sectional view of the
display device according to the third modification, cut in a
lamination direction.
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[0148] Asillustrated in FIG. 18, the display device accord-
ing to the third modification is different from the display
device illustrated in FIG. 8 in that a reflective auxiliary layer
226 is disposed between an insulating layer 225 (corre-
sponding to the insulating layer 220) and the organic light
emitting layer 230.

[0149] The insulating layer 225 is disposed along the first
member 270 between the first electrodes 210 to electrically
separate light emitting elements from each other. Further-
more, the insulating layer 225 contains an inorganic nitride
and is positively charged. Since the insulating layer 225 is
not in contact with the organic light emitting layer 230 but
is positively charged, the insulating layer 225 cancels a
negative charge generated in the reflective auxiliary layer
226 and prevents the entire layer including the insulating
layer 225 and the reflective auxiliary layer 226 from being
negatively charged. Therefore, even in such a case, the
insulating layer 225 can suppress generation of a highly
conductive path that causes leakage of a drive current at an
interface of the organic light emitting layer 130 in contact
with the reflective auxiliary layer 226.

[0150] The reflective auxiliary layer 226 is disposed
between the insulating layer 223 (corresponding to the
insulating layer 220) and the organic light emitting layer
230. Furthermore, the reflective auxiliary layer 226 contains
an insulating material having a smaller refractive index than
the organic light emitting layer 230. In particular, the
reflective auxiliary layer 226 desirably contains an insulat-
ing material having a larger difference in refractive index
from the organic light emitting layer 230. For example, the
reflective auxiliary layer 226 may contain silicon oxide
(8i0,).

[0151] In the display device according to the third modi-
fication, the reflective auxiliary layer 226 having a smaller
refractive index than the organic light emitting layer 230 and
a large difference in refractive index from the organic light
emitting layer 230 is disposed between the insulating layer
225 and the organic light emitting layer 230. As a result, the
display device according to the third modification can
improve the light extraction efficiency of a light emitting
element by reflecting light emitted from the organic light
emitting layer 230 at an interface between the organic light
emitting layer 230 and the reflective auxiliary layer 226.

[0152] Meanwhile, in the display device according to the
third modification, the insulating layer 225 is positively
charged. As a result, a negative charge of the reflective
auxiliary layer 226 is cancelled, and holes are not accumu-
lated at an interface of the organic light emitting layer 130
in contact with the reflective auxiliary layer 226. Therefore,
a highly conductive path is not generated. Therefore, the
display device according to the third modification can sup-
press occurrence of leakage of a drive current between
adjacent light emitting elements.

[0153] Therefore, the display device according to the third
modification can improve the light extraction efficiency of a
light emitting element while suppressing leakage of a drive
current between adjacent light emitting elements.

[0154] <3. Application Example of Display Device>
[0155] Subsequently, an application example of the dis-
play device according to the first or second embodiment of
the present disclosure will be described with reference to
FIGS. 19 to 22. Each of FIGS. 19 to 22 is an external view
illustrating an example of an electronic apparatus to which
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the display device according to either one of the embodi-
ments of the present disclosure can be applied.

[0156] For example, the display device according to either
one of the embodiments of the present disclosure can be
applied to a display unit of an electronic apparatus such as
a smartphone. Specifically, as illustrated in FIG. 19, a
smartphone 300 includes a display unit 301 that displays
various types of information, and an operation unit 303
including a button or the like that receives an operation input
by a user. Here, the display unit 301 may be constituted by
the display device according to either one of the present
embodiments.

[0157] Furthermore, for example, the display device
according to either one of the present embodiments can be
applied to a display unit of an electronic apparatus such as
a digital camera. Specifically, as illustrated in FIGS. 20 and
21, a digital camera 310 includes a main body (camera body)
311, an interchangeable lens unit 313, a grip unit 315 held
by a user at the time of photographing, a monitor unit 317
that displays various types of information, and an electronic
view finder (EVF) 319 that displays a through image
observed by a user at the time of photographing. Note that
FIG. 20 illustrates an external appearance of the digital
camera 310 viewed from the front (in other words, an object
side), and FIG. 21 illustrates an external appearance of the
digital camera 310 viewed from the rear (in other words, a
photographer side). Here, the monitor unit 317 and the EVF
319 may be constituted by the display device according to
either one of the present embodiments.

[0158] Furthermore, for example, the display device
according to either one of the present embodiments can be
applied to a display unit of an electronic apparatus such as
a head mounted display (HMD). Specifically, as illustrated
in FIG. 22, the HMD 320 includes a display unit 321 that
displays various types of information, and a mounting unit
323 mounted on the head of a user at the time of mounting.
Here, the display unit 321 may be constituted by the display
device according to either one of the present embodiments.
Moreover, the display device according to either one of the
present embodiments can be applied not only to a display
unit of a non-transmissive HMD illustrated in FIG. 22 but
also to a display unit of a transmissive HMD such as a
glasses type HMD.

[0159] Note that the electronic apparatus to which the
display device according to either one of the present
embodiments can be applied is not limited to the above
examples. The display device according to either one of the
present embodiments can be applied to a display unit of an
electronic apparatus in any field that performs display on the
basis of an image signal input from the outside or an image
signal generated internally. Examples of such an electronic
apparatus include a television device, an electronic book, a
personal digital assistant (PDA), a laptop personal computer,
a video camera, and a game device.

[0160] Hitherto, preferable embodiments of the present
disclosure have been described in detail with reference to the
accompanying drawings, but the technical scope of the
present disclosure is not limited to such examples. It is
obvious that a person having ordinary knowledge in the
technical field to which the present disclosure belongs can
conceive of various change examples and modification
examples within a range of the technical idea described in
the claims, and it is understood that these change examples
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and modification examples are naturally within the technical
scope of the present disclosure.

[0161] Furthermore, the effects described in the present
specification are merely illustrative or exemplary, and are
not limiting. That is, the technique according to the present
disclosure can exhibit another effect obvious to those skilled
in the art from the description of the present specification
together with the above effect or in place of the above effect.

[0162] Note that the following configurations are also
within the technical scope of the present disclosure.
[0163] (1)

[0164] A display device including:

[0165] a plurality of light emitting elements having an
organic light emitting layer sandwiched between a first
electrode disposed for each of the light emitting elements
and a second electrode in a lamination direction and arrayed
on a plane; and

[0166] an insulating layer disposed between the first elec-
trodes, in which

[0167] at least a part of a film thickness region in the
insulating layer contains a positively charged inorganic
nitride.

[0168] (2)

[0169] The display device according to (1), in which the
first electrode is an anode electrode.

[0170] (3)

[0171] Thedisplay device according to (1) or (2), in which

a film thickness region containing a positively charged
inorganic nitride is a film thickness region in contact with
the organic light emitting layer.

[0172] (4)

[0173] The display device according to (3), in which
[0174] the insulating layer is constituted by a laminated
film of a plurality of insulating films, and

[0175] an insulating film in contact with the organic light
emitting layer among the plurality of insulating films con-
tains a positively charged inorganic nitride.

[0176] (5)

[0177] The display device according to any one of (1) to
(4), in which a side surface of the first electrode is covered
with the insulating layer.

[0178] (6)

[0179] The display device according to any one of (1) to
(5), in which the second electrode and the organic light
emitting layer are disposed continuously over the light
emitting elements.

[0180] (7)

[0181] The display device according to any one of (1) to
(6), in which the inorganic nitride contains no oxygen atom.
[0182] (8)

[0183] The display device according to (7), in which the
inorganic nitride is silicon nitride.

[0184] (9)

[0185] The display device according to (8), in which a

ratio of Si—H/N—H in the silicon nitride is less than 1%.
[0186] (10)

[0187] The display device according to any one of (1) to
(9), in which each of the light emitting elements is disposed
inside a recess structure having the first electrode as a
bottom and having a first member disposed between the light
emitting elements as a side wall.
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[0188] (11)

[0189] The display device according to (10), in which the
first member has a smaller refractive index than the organic
light emitting layer.

[0190] (12)

[0191] The display device according to (10) or (11), in
which the insulating layer is disposed outside the recess
structure and in a region in contact with the organic light
emitting layer.

[0192] (13)

[0193] An electronic apparatus including a display unit
including:
[0194] a plurality of light emitting elements having an

organic light emitting layer sandwiched between a first
electrode disposed for each of the light emitting elements
and a second electrode in a lamination direction and arrayed
on a plane; and

[0195] an insulating layer disposed between the first elec-
trodes, in which

[0196] at least a part of a film thickness region in the
insulating layer contains a positively charged inorganic
nitride.

REFERENCE SIGNS LIST

[0197] 100, 200 Substrate

[0198] 110, 210 First electrode

[0199] 111 Contact plug

[0200] 120, 220, 221, 223, 225 Insulating layer
[0201] 130, 230 Organic light emitting layer
[0202] 140, 240 Second electrode

[0203] 150, 250 Protective layer

[0204] 161, 260 Color filter

[0205] 163 Shielding layer

[0206] 224, 226 Reflective auxiliary layer
[0207] 270 First member

[0208] 280 Second member

1. A display device comprising:

a plurality of light emitting elements having an organic
light emitting layer sandwiched between a first elec-
trode disposed for each of the light emitting elements
and a second electrode in a lamination direction and
arrayed on a plane; and

an insulating layer disposed between the first electrodes,
wherein

at least a part of a film thickness region in the insulating
layer contains a positively charged inorganic nitride.

2. The display device according to claim 1, wherein the
first electrode is an anode electrode.

3. The display device according to claim 1, wherein a film
thickness region containing a positively charged inorganic
nitride is a film thickness region in contact with the organic
light emitting layer.

4. The display device according to claim 3, wherein

the insulating layer is constituted by a laminated film of
a plurality of insulating films, and

an insulating film in contact with the organic light emit-
ting layer among the plurality of insulating films con-
tains a positively charged inorganic nitride.

5. The display device according to claim 1, wherein a side
surface of the first electrode is covered with the insulating
layer.

6. The display device according to claim 1, wherein the
second electrode and the organic light emitting layer are
disposed continuously over the light emitting elements.
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7. The display device according to claim 1, wherein the
inorganic nitride contains no oxygen atom.

8. The display device according to claim 7, wherein the
inorganic nitride is silicon nitride.

9. The display device according to claim 8, wherein a ratio
of Si—H/N—H in the silicon nitride is less than 1%.

10. The display device according to claim 1, wherein each
of the light emitting elements is disposed inside a recess
structure having the first electrode as a bottom and having a
first member disposed between the light emitting elements
as a side wall.

11. The display device according to claim 10, wherein the
first member has a smaller refractive index than the organic
light emitting layer.

12. The display device according to claim 10, wherein the
insulating layer is disposed outside the recess structure and
in a region in contact with the organic light emitting layer.

13. An electronic apparatus comprising a display unit
including:

a plurality of light emitting elements having an organic
light emitting layer sandwiched between a first elec-
trode disposed for each of the light emitting elements
and a second electrode in a lamination direction and
arrayed on a plane; and

an insulating layer disposed between the first electrodes,
wherein

at least a part of a film thickness region in the insulating
layer contains a positively charged inorganic nitride.
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