US 20200135820A1

12) Patent Application Publication (o) Pub. No.: US 2020/0135820 A1l

a9y United States

OHCHI

43) Pub. Date: Apr. 30, 2020

(54) DISPLAY DEVICE, AND ELECTRONIC
APPARATUS

(71) Applicant: Sony Semiconductor Solutions
Corporation, Kanagawa (IP)

(72) Inventor: Tomokazu OHCHI, Kanagawa (JP)

(21) Appl. No.: 16/629,163

(22) PCT Filed: Jun. 27, 2018

(86) PCT No.: PCT/JP2018/024324
§ 371 (e)(1),
(2) Date: Jan. 7, 2020
(30 Foreign Application Priority Data
Jul. 14, 2017 (IP) oo 2017-137970
Publication Classification
(51) Imt.ClL
HOIL 27/32 (2006.01)
HOIL 51/52 (2006.01)
10

(52) US.CL
CPC ... HOIL 27/3246 (2013.01); HOIL 51/5271
(2013.01); HOIL 27/322 (2013.01)

(57) ABSTRACT

In a display device, light emitting units each formed by
stacking a first electrode, an organic layer, and a second
electrode are formed and arranged in a two-dimensional
matrix on a substrate, the first electrode is provided for each
light emitting unit, partition walls are formed between
adjacent ones of the first electrodes, the organic layer and the
second electrode are stacked on the entire surface including
a part over the first electrodes and a part over the partition
walls, a filling layer filling recesses between the partition
walls is formed on the second electrode, the partition walls
include stacks each including at least two layers including a
lower layer portion on the light emitting unit side and an
upper layer portion located above the lower layer portion,
and at least part of light entering from the light emitting units
is totally reflected on surfaces of the upper layer portions of
the partition walls.
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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, display devices using organic elec-
troluminescence have been attracting attention as display
devices to replace liquid crystal display devices. In the
description below, a display device using organic electrolu-
minescence will be referred to as “organic EL display
devices” or simply as “display devices” in some cases.
Organic EL display devices are spontaneous-luminescence
devices, and have sufficiently high responsiveness to high-
definition, high-speed video signals. Therefore, commercial-
ization of such devices has been actively promoted.

[0003] In a display device to be attached to eyewear such
as glasses or goggles, it is required to increase luminance, in
addition to setting the pixel size to several to ten microns, for
example. For example, Japanese Patent Application Laid-
Open No. 2007-248484 (Patent Document 1) and Japanese
Patent Application Laid-Open No. 2013-191533 (Patent
Document 2) disclose that light is totally reflected by a
partition wall separating a light emitting unit from another
light emitting unit so that the light extraction efficiency and
the luminance are increased.

CITATION LIST

Patent Documents

[0004] Patent Document 1: Japanese Patent Application
Laid-Open No. 2007-248484
[0005] Patent Document 2: Japanese Patent Application
Laid-Open No. 2013-191533

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] In a case where light is reflected through total
reflection, it is necessary to form the partition walls with a
material having a low refractive index, such as silicon oxide.
However, leakage paths are formed in the vicinities of the
contact surfaces between the partition walls and the light
emitting layers, and, as a result, a phenomenon such as a
decrease in luminance or a decrease in reliability due to
leakage between adjacent pixels might occur.

[0007] Therefore, an object of the present disclosure is to
provide a display device capable of reducing leakage
between adjacent pixels without significantly impairing light
extraction efliciency, and an electronic apparatus including
the display device.

Solutions to Problems

[0008] A display device according to a first aspect of the
present disclosure for achieving the above object is a display
device including

[0009] light emitting units each formed by stacking a first
electrode, an organic layer, and a second electrode, the light
emitting units being formed and arranged in a two-dimen-
sional matrix on a substrate, in which
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[0010] the first electrode is provided for each light emit-
ting unit,
[0011] partition walls are formed between adjacent ones of

the first electrodes,

[0012] the organic layer and the second electrode are
stacked on the entire surface including a part over the first
electrodes and a part over the partition walls,

[0013] a filling layer filling recesses between the partition
walls is formed on the second electrode,

[0014] the partition walls include stacks each including at
least two layers including a lower layer portion on the light
emitting unit side and an upper layer portion located above
the lower layer portion, and

[0015] atleast part of light entering from the light emitting
units is totally reflected on surfaces of the upper layer
portions of the partition walls.

[0016] An electronic apparatus according to the first
aspect of the present disclosure for achieving the above
object is an electronic apparatus including a display device,
in which

[0017] the display device includes

[0018] light emitting units each formed by stacking a first
electrode, an organic layer, and a second electrode, the light
emitting units being formed and arranged in a two-dimen-
sional matrix on a substrate,

[0019] partition walls are formed between adjacent ones of
the light emitting units,

[0020] a protective layer fills spaces between the partition
walls,
[0021] the partition walls include stacks each including at

least two layers including a lower layer portion on the light
emitting unit side and an upper layer portion located above
the lower layer portion, the lower layer portion including a
material having a higher refractive index than the material
forming the upper layer portion, and

[0022] at least part of light from the light emitting units is
totally reflected on surfaces of the upper layer portions of the
partition walls.

Effects of the Invention

[0023] In a display device according to the first aspect of
the present disclosure, partition walls each include a stack of
two or more layers including a lower layer portion on the
light emitting unit side and an upper layer portion located
above the lower layer portion. A material that hardly form
leakage paths in the vicinities of the contact surfaces of the
light emitting layers can be selected as the material forming
the lower layer portions. Further, as light is totally reflected
on the upper layer portions of the partition walls, light
extraction efliciency is not significantly impaired. In addi-
tion, note that the advantageous effects described in the
present disclosure are merely an example, and the effects of
the present technology are not limited to the example and
may also include additional effects.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a schematic plan view of a display device
according to a first embodiment of the present disclosure.
[0025] FIG. 2 is a schematic partial cross-sectional view
of the display device according to the first embodiment.
[0026] FIG. 3 is a schematic partial cross-sectional view
of a display device according to a reference example.
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[0027] FIG. 4 is a schematic partial cross-sectional view
for explaining light reflection in the display device accord-
ing to the reference example.

[0028] FIG. 5 is a schematic partial cross-sectional view
for explaining leakage paths between first electrodes in the
display device according to the reference example.

[0029] FIG. 6 is a schematic partial cross-sectional view
for explaining that leakage paths between the first electrodes
in the display device according to first embodiment are
divided from one another.

[0030] FIG. 7 is a schematic partial cross-sectional view
for explaining light reflection in the display device accord-
ing to the first embodiment.

[0031] FIG. 8 is a schematic diagram for explaining the
conditions for total reflection on a partition wall.

[0032] FIG. 9 is a schematic diagram for explaining a
partition structure in the display device according to the first
embodiment.

[0033] FIGS. 10A and 10B are schematic partial end
views for explaining a method of manufacturing the display
device according to the first embodiment.

[0034] FIG. 11 is a schematic partial end view for explain-
ing, continuing from FIG. 10B, the method of manufactur-
ing the display device according to the first embodiment.
[0035] FIG. 12 is a schematic partial end view for explain-
ing, continuing from FIG. 11, the method of manufacturing
the display device according to the first embodiment.
[0036] FIG. 13 is a schematic partial end view for explain-
ing, continuing from FIG. 12, the method of manufacturing
the display device according to the first embodiment.
[0037] FIG. 14 is a schematic partial end view for explain-
ing, continuing from FIG. 13, the method of manufacturing
the display device according to the first embodiment.
[0038] FIG. 15 is a schematic partial end view for explain-
ing, continuing from FIG. 14, the method of manufacturing
the display device according to the first embodiment.
[0039] FIG. 16 is a schematic partial end view for explain-
ing, continuing from FIG. 15, the method of manufacturing
the display device according to the first embodiment.
[0040] FIG. 17 is a schematic partial end view for explain-
ing, continuing from FIG. 16, the method of manufacturing
the display device according to the first embodiment.
[0041] FIG. 18 is a schematic partial cross-sectional view
of a display device according to a second embodiment of the
present disclosure.

[0042] FIG. 19 is a schematic partial cross-sectional view
for explaining light reflection in the display device accord-
ing to the second embodiment.

[0043] FIGS. 20A and 20B are schematic partial end
views for explaining a method of manufacturing the display
device according to the second embodiment.

[0044] FIG. 21 is a schematic partial cross-sectional view
of a display device according to a third embodiment of the
present disclosure.

[0045] FIGS. 22A and 22B are schematic partial end
views for explaining a method of manufacturing the display
device according to the third embodiment.

[0046] FIG. 23 is an external view of a single-lens reflex
digital still camera with an interchangeable lens: FIG. 23A
shows a front view thereof, and FIG. 23B shows a rear view
thereof.
[0047]
display.

FIG. 24 is an external view of a head-mounted
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[0048] FIG. 25 is an external view of a see-through
head-mounted display.

MODE FOR CARRYING OUT THE INVENTION

[0049] The following is a description of the present dis-
closure based on embodiments, with reference to the draw-
ings. The present disclosure is not limited to the embodi-
ments, and various numerical values and materials used in
the embodiments are examples. In the description below,
like components or components having like functions are
denoted by like reference numerals, and explanation of them
will not be unnecessarily repeated. Note that explanation
will be made in the following order.

[0050] 1. General description of a display device and an
electronic apparatus according to the present disclosure

[0051] 2. First Embodiment

[0052] 3. Second Embodiment

[0053] 4. Third Embodiment

[0054] 5. Explanation of electronic apparatuses, and other
aspects

General Description of a Display Device and an
Electronic Apparatus According to the Present
Disclosure

[0055] As described above, in a display device according
to the first aspect of the present disclosure, and in a display
device to be used in an electronic apparatus according to the
first aspect of the present disclosure (each of these display
devices will be hereinafter referred to simply as a “display
device of the present disclosure” in some cases),

[0056] light emitting units each formed by stacking a first
electrode, an organic layer, and a second electrode are
formed and arranged in a two-dimensional matrix on a
substrate,

[0057] the first electrode is provided for each light emit-
ting unit,
[0058] partition walls are formed between adjacent ones of

the first electrodes,

[0059] the organic layer and the second electrode are
stacked on the entire surface including a part over the first
electrodes and a part over the partition walls,

[0060] a filling layer filling recesses between the partition
walls is formed on the second electrode,

[0061] the partition walls include stacks each including at
least two layers including a lower layer portion on the light
emitting unit side and an upper layer portion located above
the lower layer portion, and

[0062] atleast part of light entering from the light emitting
units is totally reflected on surfaces of the upper layer
portions of the partition walls.

[0063] In the display device of the present disclosure, the
lower layer portions of the partition walls are disposed in
regions in which light emitted from a position at the farthest
distance from the partition walls in light emitted from the
light emitting units is not totally reflected, when all of the
partition walls include the material forming the upper layer
portions.

[0064] In the display device of the present disclosure
including the preferred configuration described above, it is
necessary to totally reflect light on the surfaces of the upper
layer portions of the partition walls. Therefore, the upper
layer portions of the partition walls preferably include a
low-refractive-index material having a refractive index of
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about 1.4 to 1.5, for example. The upper layer portions can
include an inorganic oxide, for example. Particularly, the
upper lower portions preferably include silicon oxide.
[0065] Note that the refractive index of the partition walls
can be measured with an ellipsometer, for example. The
similar applies to the refractive indexes of the organic layer
and the filling layer.

[0066] In the display device of the present disclosure, the
light emitting units may have a configuration of a top-
emission type. The light emitting units include the organic
layer that includes a hole transport layer, a light emitting
layer, an electron transport layer, and the like and is inter-
posed between the first electrodes and the second electrode.
In a case where a cathode is shared, the second electrode
serves as a cathode electrode, and the first electrodes serve
as anode electrodes.

[0067] In the display device of the present disclosure
including the preferred configuration described above, a
material that hardly form leakage paths at the interfaces with
the light emitting layers and is not restricted by the refractive
index value can be selected as the material forming the lower
layer portions of the partition walls. For example, when a
material whose surface tends to have a negative potential
comes into contact with the organic layer, holes are induced
as carriers in the organic layer, causing leakage paths.
Therefore, a material whose surface is less likely to have a
negative potential is preferably selected as the material
forming the lower layer portions of the partition walls. The
lower layer portions can include an inorganic nitride or an
inorganic oxynitride, for example. More specifically, the
lower layer portions preferably include silicon nitride or
silicon oxynitride.

[0068] Alternatively, the lower layer portions of the par-
tition walls can include a resin material. More specifically,
the lower layer portions can include polyimide resin or
acrylic resin.

[0069] The display device of the present disclosure includ-
ing the preferred configuration described above may have a
so-called monochrome display configuration or a color
display configuration. In the case of color display, the colors
of light to be emitted from the light emitting units may be
predetermined colors such as red, green, and blue. Alterna-
tively, the color of light to be emitted from the light emitting
units may be white, and color filters may be disposed above
the light emitting units. A color filter can be formed using a
resin material containing a pigment or a dye, for example.
[0070] In the case of a color display configuration, each
one pixel may include a plurality of subpixels. Specifically,
each one pixel may include the three subpixels of a red
display subpixel, a green display subpixel, and a blue
display subpixel. Further, each one pixel may include a set
of subpixels further including one or more subpixels in
addition to those three subpixels (such as a set of subpixels
further including a white light emitting subpixel to increase
luminance, a set of subpixels further including a comple-
mentary-color light emitting subpixel to expand the color
reproduction range, a set of subpixels further including a
yellow light emitting subpixel to expand the color repro-
duction range, or a set of subpixels further including yellow
and cyan light emitting subpixels to expand the color
reproduction range, for example).

[0071] Examples of values of pixels of the display device
include some resolutions for image display, such as (1920,
1035), (720, 480), and (1280, 960), as well as VGA (640,
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480), S-VGA (800, 600), XGA (1024, 768), APRC (1152,
900), S-XGA (1280, 1024), U-XGA (1600, 1200), HD-TV
(1920, 1080), and Q-XGA (2048, 1536). However, the
values of pixels are not limited to the above.

[0072] In the display device of the present disclosure
including the preferred configuration described above, to
further reduce the leakage paths at the interfaces with the
light emitting layers, the upper layer portions of the partition
walls each include a first upper layer portion on the lower
layer portion side and a second upper layer portion above the
first upper layer portion. The second upper layer portion may
include the same material as the material forming the lower
layer portions. In this case, the first upper layer portion may
include a layer including the same material as the material
forming the lower layer portions in the layer.

[0073] The partition walls can be formed using a material
appropriately selected from among known inorganic mate-
rials and organic materials, and can be formed by a combi-
nation of a known film formation method such as physical
vapor deposition (PVD) that is typically a vacuum deposi-
tion technique or a sputtering technique, or chemical vapor
deposition (CVD) of any kind, and a known patterning
technique such as an etching technique or a lift-off tech-
nique, for example. The filling layer filling the recesses
between the partition walls can also be formed using a
material appropriately selected from among known inor-
ganic materials and organic materials.

[0074] In the display device according to the present
disclosure, the configuration of the drive circuit or the like
that controls light emission from the light emitting units is
not limited to any particular configuration. For example, the
light emitting units may be formed in a certain plane on the
substrate, and may be disposed above the drive circuit that
drives the light emitting units via an interlayer insulating
layer, for example. The configuration of the transistors
constituting the drive circuit is not limited to any particular
one. The transistors may be p-channel field effect transistors,
or may be n-channel field effect transistors.

[0075] The material forming the substrate may be a semi-
conductor material, a glass material, or a plastic material, for
example. In a case where the drive circuit includes transis-
tors formed on a semiconductor substrate, a well region is
only required to be provided in a semiconductor substrate
including silicon, for example, and transistors are only
required to be formed in the well. In a case where the drive
circuit includes thin-film transistors or the like, on the other
hand, a thin semiconductor film is formed on a substrate
including a glass material or a plastic material, to form the
drive circuit. Various kinds of wiring lines may have con-
ventional configurations and structures.

[0076] The first electrodes are disposed on the substrate
for the respective light emitting units, and function as anode
electrodes of the light emitting units. The first electrodes
may include a metal such as Cr, Au, Pt, Ni, Cu, Mo, W, Ti,
Ta, Al, Fe, or Ag, or an alloy of these metals or the like, or
may include a stack of a plurality of films including these
metals, for example. In some cases, the first electrodes may
be formed as transparent electrodes with a transparent
conductive material such as indium zinc oxide or indium tin
oxide. In such a case, a light reflecting layer including a
metal or an alloy may be provided between the substrate and
the first electrodes.

[0077] The organic layer contains an organic light emit-
ting material, and is provided as a shared continuous film on
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the first electrodes and the partition walls. The organic layer
emits light when a voltage is applied between the first
electrodes and the second electrode. The organic layer can
include 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 stacked
in this order from the first electrode side, for example. The
hole transport material, the hole transport material, the
electron transport material, and the organic light emitting
material constituting the organic layer are not limited to any
particular materials, and known materials can be used.
[0078] Note that the organic layer may have a so-called
tandem structure in which a plurality of light emitting layers
is connected via a charge generation layer or intermediate
electrodes. For example, it is possible to form a light
emitting unit that emits white light by stacking a light
emitting layer that emits red light, a light emitting layer that
emits green light, and a light emitting layer that emits blue
light.

[0079] The second electrode is provided as a shared con-
tinuous film on the organic layer. The second electrode can
be formed using a material having a high light transparency.
For example, the second electrode can be formed using a
transparent conductive material such as indium tin oxide,
indium zinc oxide, zinc oxide, aluminum-doped zinc oxide,
or gallium-doped zinc oxide. Alternatively, the second elec-
trode can be formed using a metal, an alloy, or the like, and
be made so thin as to have light transparency.

[0080] The filling layer is formed on the second electrode,
and prevents moisture and oxygen from entering the organic
layer. The filling layer can be formed using a material having
a high light transparency and a low water permeability. For
example, the filling layer can include silicon oxide (SiO,),
aluminum oxide (AlO,), a resin material such as epoxy resin
and acrylic resin, or a combination of these materials.
[0081] The conditions shown in each expressions in this
specification are satisfied not only in a case where the
expression is true in strict mathematical terms, but also in a
case where the expression is substantially true. For an
expression to be true, variations are allowed to exist in
designing or manufacturing display elements, display pan-
els, and the like. Further, the drawings to be used in the
description below are schematic drawings. For example,
FIG. 2, which will be described later, shows a cross-
sectional structure of a display device, but does not indicate
the ratios of width, height, thickness, and the like.

First Embodiment

[0082] A first embodiment relates to a display device and
an electronic apparatus according to a first aspect of the
present disclosure.

[0083] FIG.1is a schematic plan view of a display device
according to the first embodiment of the present disclosure.
A display device 1 1s an active matrix color display device,
and is a display device that displays an image or the like by
controlling light emission from each light emitting unit in a
plurality of light emitting units arranged on a plane. The
plurality of light emitting units arranged on a plane each
forms a subpixel 10 for red-color display, green-color dis-
play, or blue-color display, for example, and three of those
subpixels 10 constitute one pixel.

[0084] As shown in the drawing, the subpixels 10 are
arranged in delta arrangement. The size of one pixel sur-
rounded by dashed lines is a size of five micrometersxfive
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micrometers, for example. Note that, in FIG. 1, the red
display subpixels are represented by “R”, the green display
subpixels are represented by “G”, and the blue display
subpixels are represented by “B”.

[0085] The planar shape of the subpixels 10 or the light
emitting units 150 shown in FIG. 2, which will be described
later, is a round shape. Note that the arrangement of the
subpixels 10 is not necessarily delta arrangement. For
example, the arrangement of the subpixels 10 may be
so-called striped arrangement.

[0086] In the display device according to the present
embodiment, the configurations of the drive circuit that
controls the light emission from the subpixels 10, the power
supply circuit that supplies power to the subpixels 10, or the
like are not limited to any particular configurations. There-
fore, illustrations and detailed explanations regarding these
configurations are provided herein.

[0087] FIG. 2 is a schematic partial cross-sectional view
of the display device according to the first embodiment.

[0088] In the display device 1, light emitting units 150
each formed by stacking a first electrode 110, an organic
layer 130, and a second electrode 140 are formed on a
substrate 100, and are arranged in a two-dimensional matrix.

[0089] The substrate 100 is a support that supports a
plurality of the light emitting units 150 arranged on one
surface thereof. Although not shown, the substrate 100
includes the drive circuit for controlling the light emission
from the subpixels 10 (more specifically, the light emission
from the light emitting units 150), the power supply circuit
for supplying power to the subpixels 10, scan lines, data
lines, and the like. The substrate 100 includes a semicon-
ductor material with which it is easy to form a transistor or
the like.

[0090] The first electrode 110 includes an aluminum cop-
per alloy (AlCu), for example, and is provided for each light
emitting unit 150, for example. Partition walls 120 are
formed between adjacent first electrodes 110. As will be
described later in detail, each partition wall 120 includes a
stack of two or more layers.

[0091] The first electrodes 110 functions as anode elec-
trodes of the light emitting units 150. The partition walls 120
are disposed between the adjacent first electrodes 110, and
separate the light emitting units 150 from one another. If the
side surfaces of the first electrodes 110 are exposed, the
thickness of the organic layer 130 to be formed on the first
electrode 110 tends to be thin, which will cause abnormal
light emission. Therefore, the partition walls 120 are formed
to cover the side surfaces of the first electrodes 110. The
cross-sectional shape of the partition walls 120 is a substan-
tially trapezoidal shape (a tapered shape) having inclined
surfaces. The partition walls 120 are formed by forming
substantially circular openings in the material layer of the
partition walls 120, with the side of the first electrodes 110
being the bottom side, the opposite side from the bottom side
being open.

[0092] The organic layer 130 and the second electrode 140
are stacked on the entire surface including a part over the
first electrodes 110 and a part over the partition walls 120.
The light emitting units 150 include the organic layer 130
that includes a hole transport layer, a light emitting layer, an
electron transport layer, and the like and is interposed
between the first electrodes 110 and the second electrode
140.
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[0093] The organic layer 130 has a multilayer structure,
but is shown as a single layer in the drawing. The organic
layer 130 has a tandem structure in which a red light
emitting layer, a green light emitting layer, a blue light
emitting layer, and the like are stacked, and emits white
light.

[0094] A filling layer 160 that fills the recesses between
the partition walls 120 is formed on the second electrode
140. The display device 1 includes color filters disposed
above the light emitting units 150. Specifically, color filters
170 corresponding to the display colors are disposed on the
filling layer 160, and a transparent substrate 180 is disposed
thereon. The subpixels 10 include the above described stack
structures.

[0095] Note that, to improve contrast, a light blocking
layer forming a so-called black matrix may be provided, for
example. The blocking layer may be formed using a material
such as chromium (Cr) or graphite, for example. The block-
ing layer may be formed in the same layer as the color filters
170, or may be formed in a different layer from the color
filters 170.

[0096] The partition walls 120 each include a stack of two
or more layers including a lower layer portion 121 located
on the side of the light emitting unit 150 and an upper layer
portion 122 located above the lower layer portion 121. The
upper layer portion 122 includes an inorganic oxide. More
specifically, the upper layer portion 122 includes silicon
oxide (S10,).

[0097] The lower layer portion 121 can be formed using
an inorganic nitride, an inorganic oxynitride, or a resin
material. The lower layer portion 121 explained in this
description includes silicon nitride (SiN,).

[0098] As for the refractive indexes of the respective
components, the refractive indexes of the organic layer 130,
the filling layer 160, and the lower layer portions 121 of the
partition walls 120 are about 1.8, for example, and the
refractive index of the upper layer portions 122 of the
partition walls 120 is about 1.4, for example. As will be
described later in detail with reference to FIG. 7, at least part
of light entering from the light emitting units 150 is totally
reflected by the surfaces of the upper layer portions 122 of
the partition walls 120. The display device according to this
embodiment is a top-emission display device that extracts
light emitted from the light emitting units 150, from the side
of the filling layer 160.

[0099] Here, to facilitate understanding of the present
disclosure, the problem of a display device of a reference
example having a configuration in which the partition walls
are formed only with silicon oxide (Si0,) is described.
[0100] FIG. 3 is a schematic partial cross-sectional view
of a display device according to a reference example. FIG.
4 is a schematic partial cross-sectional view for explaining
light reflection in the display device according to the refer-
ence example. FIG. 5 is a schematic partial cross-sectional
view for explaining leakage paths between first electrodes in
the display device according to the reference example.
[0101] A display device 9 of the reference example shown
in FIG. 3 differs from the display device 1 shown in FIG. 1
in having a configuration in which the entire partition walls
include silicon oxide (Si0,), for example. In this case, the
refractive index of the partition walls 920 is a constant value
of 1.4, for example, regardless of whether the refractive
index is of the upper layer portion or of the lower layer
portion. Further, as described above, the refractive index of
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the organic layer 130 and the filling layer 160 is about 1.8,
for example. Therefore, as shown in FIG. 4, of light emitted
from the light emitting units 150, the light that enters the
partition walls 920 beyond the critical angle is totally
reflected by the surfaces of the partition walls 920. Accord-
ingly, the light extraction efficiency becomes higher.
[0102] However, when silicon oxide (Si0O,) and an organic
layer are formed in contact with each other, for example,
carriers are sometimes induced in the organic layer. There-
fore, in a configuration like that of the display device 9 of the
reference example, it is conceivable that leakage paths are
formed at the portions at which the partition walls 920 are
in contact with the organic layer 130. In FIG. 5, the leakage
paths (denoted by LP) are indicated by heavy dashed lines.
In this case, there is a possibility that unexpected short-
circuiting will occur due to a leakage path LP between
adjacent first electrodes 110, which will cause a decrease in
reliability.

[0103] The problem of the display device 9 of the refer-
ence example is as described above.

[0104] In view of the above problem, in the display device
1 according to the first embodiment, the partition walls 120
each include a stack of two or more layers including the
lower layer portion 121 on the side of the light emitting umt
150 and the upper layer portion 122 located above the lower
layer portion 121.

[0105] FIG. 6 is a schematic partial cross-sectional view
for explaining that leakage paths between the first electrodes
in the display device according to the first embodiment are
divided from one another.

[0106] A comparison between a case where silicon nitride
(SiN,) is in contact with an organic layer and a case where
silicon oxide (Si0,) is in contact with an organic layer shows
that leakage paths are less likely to be formed in the former
case. Therefore, as shown in FIG. 6, in the display device 1,
the leakage paths LP are restricted mainly to the portions at
which the organic layer 130 is in contact with the upper layer
portions 122 of the partition walls 120, and thus, the leakage
paths between the first electrodes 110 can be divided from
one another.

[0107] In a case where the lower layer portions 121 of the
partition walls 120 include silicon nitride (SiN,) or the like,
the refractive index of the lower layer portions 121 is
substantially similar to the refractive index of the organic
layer 130 and the filling layer 160. Therefore, light reflection
at the partition walls 120 occurs mainly on the surfaces of
the upper layer portions 122. FIG. 7 is a schematic partial
cross-sectional view for explaining light reflection in the
display device according to the first embodiment.

[0108] The thicker the lower layer portions 121 of the
partition walls 120, the higher the effect to divide the
leakage paths from one another. However, if the lower layer
portions 121 are made thicker than necessary, the light
extraction efficiency depending on total reflection would
become lower. Therefore, it is preferable to take the light
extraction efliciency into consideration in setting the thick-
ness of the lower layer portions 121 of the partition walls
120.

[0109] In the first embodiment, the lower layer portions
121 of the partition walls 120 are disposed in the regions in
which light emitted from a position at the farthest distance
from the partition walls 120 (this light will be hereinafter
referred to simply as the farthest light in some cases) of light
emitted from the light emitting units 150 is not totally
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reflected in a case where all the partition walls include the
material forming the upper layer portions. This aspect will
be described below, with reference to a drawing,

[0110] FIG. 8 is a schematic diagram for explaining the
conditions for total reflection on a partition wall. In the
description below, it is assumed that all the partition walls
include the material forming the upper layer portions. For
example, the refractive index of the partition walls is a value
of 1.4, regardless of the location. Further, the refractive
index of the filling layer and the organic layer is a value of
1.8.

[0111] In FIG. 8, the following are defined.

[0112] Symbol L: the diameter (the width) of the bottom
of a partition opening

[0113] Symbol H: the height of a partition wall the farthest
light enters

[0114] Symbol A, : the incident angle (unit: degree)
between the farthest light and an inclined surface of the
partition wall

[0115] Symbol A;: the angle (unit: degree) between the
bottom surface of the partition opening and the inclined
surface of the partition wall

[0116] Further, symbols A, and A, represent internal
angles (unit: degree) of the triangle shown in FIG. 8.
[0117] In this case,

SL=H/tan(4) (Equation 1)

Ay=tan (H/(L+SL))

[0118] Further, from the relationship of the sum of the
external angles of a triangle, the following is established:

(Equation 2)

Artdy=4, (Equation 3)

Then, since 4,=90-4,,

[0119] the following is obtained according to (Equation 3)
and (Equation 4):

(Equation 4),
Ay=4,,+4,-90 (Equation 5)
Here,

tan(d,)=H/(L+SL)

[0120] Therefore, the following is obtained according to
(Equation 6) and (Equation 1):

(Equation 6)

H =(L+SL)xtan(A;) (Equation 7)

= (L + H/tan(A;)) X tan(A>)

[0121] Where (Equation 7) is further arranged with respect
to H, the following is obtained:

H=Lxtan{4,)/(1-tan(4,)/tan(4,))

[0122] Further, where (Equation 5) is substituted into
(Equation 8), the following is obtained:

(Equation 8)

H=Lxtan{4

[0123] Here, the critical angle on the surface of the par-
tition wall is represented by symbol A ,. Where the height
of the partition wall at a time when the farthest light enters
the surface of the partition wall at the critical angle A ., is
represented by symbol H,,. the value of the height is
expressed as follows on the basis of (Equation 9):

+4,-90)/(1-tan(4;,+4 ,-90)/tan(4 )} (Equation 9)

Heg=Lxtan(d o g+4,-90)/(1-tan(4 o 4+4,-90)/tan
[0)] {Equation 10)
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[0124] Total reflection of light occurs in a region in which
the incident angle is equal to or greater than the critical
angle.

[0125] Therefore, in a region in which
H=Hr,,
[0126] the farthest light enters at an angle equal to or

greater than the critical angle, and is totally reflected
[0127]

H<Hcy,
[0128] on the other hand, the farthest light enters at a

smaller angle than the critical angle, and is not totally
reflected.

In a region in which

[0129] As described above, in a region in which
H<Hcy,
[0130] the farthest light is not totally reflected. In other

words, the regions in which H<H_., on the partition walls do
not affect the farthest light extraction efficiency. In view of
the above, the lower layer portions of the partition walls can
be designed to be disposed in the regions in which H<Ha in
the first embodiment. FIG. 9 is a schematic diagram for
explaining a partition structure in the display device accord-
ing to the first embodiment.

[0131] As the lower layer portions are disposed in the
regions in which H<H,.,, it is possible to prevent a decrease
in light extraction efficiency due to total reflection while
dividing the leakage paths from one another.

[0132] Next, the appropriate value of H, is described
with a numerical example.

[0133] Where the refractive index of the partition walls is
1.4, and the refractive index of the filling layer is 1.8, the
critical angle A, is calculated as follows according to
Snell’s law:

Aca =sin'(1.4/1.8) =513 (degrees)
Further, where symbol L = 1000 (nanometer), and

symbol A} =71 (degrees)

[0134] a value of about 500 (nanometers) is obtained for
H.,, on the basis of (Equation 10). Therefore, in the case of
the above numerical example, partition walls in which the
thickness of each lower layer portion is set to a smaller value
than about 500 (nanometers) are only required to be used.
[0135] Next, a method of manufacturing the display

device 1 according to the first embodiment of the present
disclosure is described.

[0136] FIGS. 10 through 17 are schematic partial end
views for explaining the method of manufacturing the
display device according to the first embodiment.

[Step 100] (see FIG. 10A)

[0137] First, the first electrodes 110 are formed on the
substrate 100. Specifically, the substrate 100 is prepared, and
a material layer including an aluminum copper alloy (AlCu)
is formed thereon. The portions corresponding to the first
electrodes 110 are then covered with a mask, and etching is
performed. to form the first electrodes 110.
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[Step 110] (see FIG. 10B)

[0138] After that, a material layer for forming the partition
walls 120 is formed. A material layer 121 that corresponds
to the lower layer portions of the partition walls 120 and
includes silicon nitride (SiN,) is formed on the entire surface
of the substrate 100 as well as on the first electrodes 110. A
material layer 122 that corresponds to the upper layer
portions of the partition walls 120 and includes silicon oxide
(810,) is then formed on the material layer 121.

[Step 120] (see FIGS. 11, 12, 13, and 14)

[0139] After that, the partition walls 120 are formed. First,
a resist material layer 190 for forming a mask portion is
formed on the entire surface of the material layer 122 (FIG.
11). Patterning is then performed on the material layer 190
by a lithography technique, to form a mask portion 190 for
forming the partition walls 120 (FIG. 12).

[0140] After that, etching is performed. First, a first etch-
ing process (indicated by reference numeral 200A) suitable
for the material layer 122 is performed. For example, plasma
etching is performed in an atmosphere in which an oxygen
gas is added to a fluorocarbon-based gas (C.F,). In a case
where plasma etching is performed, it is possible to detect
the end of an etching process for the material layer 122 by
detecting a changing state of plasma emission (see FIG. 13).
A second etching process (indicated by reference numeral
200B) suitable for the material layer 121 is then performed.
When the end of the etching process for the material layer
121 is detected, the etching is ended (see FIG. 14). At the
same time, the mask portion 190 is removed (not shown).
Note that, in some cases, the first etching process and the
second etching process can be performed under the same
conditions. In that case, it is not necessary to detect the end
of either etching process.

[Step 130] (see FIG. 15)

[0141] The organic layer 130 and the second electrode 140
are then sequentially formed on the first electrodes 110 and
the entire surfaces of the partition walls 120 including the
wall surfaces and the top surfaces thereof.

[Step 140] (see FIGS. 16 and 17)

[0142] After that, the filling layer 160 that fills the recesses
between the partition walls 120 are formed (FIG. 16). The
color filters 170 and the transparent substrate 180 are then
disposed, and thus, the display device 1 is obtained (FIG.
17).

[0143] The method of manufacturing the semiconductor
device according to the first embodiment is as described
above.

[0144] Although the lower layer portions include silicon
nitride (SiN,) in the above description, it is also possible to
form the lower layer portions with a resin material such as
silicon oxynitride (SiO,N,), polyimide resin, or acrylic
resin, for example.

Second Embodiment

[0145] A second embodiment is a modification of the first
embodiment. The second embodiment differs from the first
embodiment in the structure of the upper layers of the
partition walls. Except for the above aspect, the configura-
tion 1s similar to that of the first embodiment.
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[0146] FIG. 18 is a schematic partial cross-sectional view
of a display device according to the second embodiment of
the present disclosure.

[0147] Inthe second embodiment, the upper layer portions
of the partition walls each include a first upper layer portion
on the lower layer portion side and a second upper layer
portion above the first upper layer portion. Further, the
second upper layer portion includes the same material as the
material forming the lower layer portion.

[0148] InFIG. 18, a material layer 222 and a material layer
223 constitute the upper layer portion of a partition wall 220.
Here, the material layer 222 includes a material similar to
that of the material layer 122 of the first embodiment, and
the material layer 223 includes a material similar to that of
the material layer 121 of the first embodiment.

[0149] In this configuration, leakage paths are less likely
to appear between the material layers 223 in the partition
walls 220 and the organic layer 130. Accordingly, the effect
to divide the leakage paths from one another becomes even
greater.

[0150] FIG. 19 is a schematic partial cross-sectional view
for explaining light reflection in the display device accord-
ing to the second embodiment.

[0151] In the second embodiment, total reflection occurs
primarily on the wall surfaces of the material layers 222.
Therefore, if the material layers 223 are made thicker than
necessary, the light extraction efficiency would become
lower. In view of the above, it is preferable to set the
thickness of the material layers 223 to the smallest possible
value without causing any problem.

[0152] Next, a method of manufacturing a display device
2 according to the second embodiment of the present dis-
closure is described.

[Step 200] (see FIG. 20A)

[0153] First, the first electrodes 110 are formed on the
substrate 100, as in [step 100] in the first embodiment.

[Step 210] (see FIG. 20B)

[0154] After that, a material layer for forming the partition
walls 220 is formed. A material layer 121 that corresponds
to the lower layer portions of the partition walls 220 and
includes silicon nitride (SiN.) is formed on the entire surface
of the substrate 100 as well as on the first electrodes 110. The
material layer 222 that corresponds to the upper layer
portions of the partition walls 220 and includes silicon oxide
(810,) is formed thereon, and the material layer 223 includ-
ing silicon nitride (SiN ) is further formed.

[0155] The steps that follow are basically similar to [step
120] through [step 140] in the first embodiment. However,
in the etching process for the upper layer portions of the
partition walls, it is preferable to appropriately change the
etching conditions, depending on the type of the material
layer.

Third Embodiment

[0156] A third embodiment is a modification of the second
embodiment. The third embodiment differs from the second
embodiment in that the first upper layer portions each
include a layer including the same material as the material
forming the lower layer portions in the layer. Except for the
above aspect, the configuration is similar to that of the first
embodiment.
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[0157] FIG. 21 is a schematic partial cross-sectional view
of a display device according to the third embodiment of the
present disclosure.

[0158] In the third embodiment, the upper layer portions
of partition walls 320 each also include a first upper layer
portion on the lower layer portion side and a second upper
layer portion above the first upper layer portion. Further, the
second upper layer portion includes the same material as the
material forming the lower layer portion. Furthermore, the
first upper layer portion includes a layer including the same
material as the material forming the lower layer portion in
the layer.

[0159] In FIG. 21, material layers 322, 323, 324, and 325
constitute the upper layer portion of a partition wall 320.
Here, the material layers 322 and 324 include a material
similar to that of the material layer 122 of the first embodi-
ment, and the material layers 323 and 325 include a material
similar to that of the material layer 121 of the first embodi-
ment.

[0160] In this configuration, leakage paths are less likely
to appear between the material layers 323 in the partition
walls 320 and the organic layer 130. Accordingly, the effect
to divide the leakage paths from one another becomes even
greater.

[0161] In the second embodiment, total reflection occurs
primarily on the wall surfaces of the material layers 322 and
324. Therefore, if the material layers 323 and 325 are made
thicker than necessary, the light extraction efficiency would
become lower. In view of the above, it is preferable to set the
thicknesses of the material layers 323 and 325 to the smallest
possible values without causing any problem.

[0162] Next, a method of manufacturing a display device
3 according to the third embodiment of the present disclo-
sure is described.

[Step 300] (see F1G. 22A)

[0163] First, the first electrodes 110 are formed on the
substrate 100, as in [step 100] in the first embodiment.

[Step 310] (see F1G. 22B)

[0164] After that, a material layer for forming the partition
walls 320 is formed. A material layer 121 that corresponds
to the lower layer portions of the partition walls 320 and
includes silicon nitride (SiN,) is formed on the entire surface
of the substrate 100 as well as on the first electrodes 110. The
material layer 322 that corresponds to the upper layer
portions of the partition walls 320 and includes silicon oxide
(810, is then formed thereon, the material layer 323 includ-
ing silicon nitride (SiN) is further formed, the material layer
324 including (Si0,) is formed, and the material layer 235
including silicon nitride (SiN,) is further formed.

[0165] The steps that follow are basically similar to [step
120] through [step 140] in the first embodiment. However,
in the etching process for the upper layer portions of the
partition walls, it is preferable to appropriately change the
etching conditions, depending on the type of the material
layer.

[Electronic Apparatuses]

[0166] The above described display devices of the present
disclosure can be used as display units (display devices) in
electronic apparatuses in various fields in which video
signals input to electronic apparatuses or video signals
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generated in electronic apparatuses are displayed as images
or video images. In one example, a display device according
to the present disclosure can be used as a display unit of a
television set, a digital still camera, a notebook personal
computer, a mobile terminal device such as a mobile tele-
phone, a video camera, a head-mounted display (a display to
be attached to the head), or the like, for example.

[0167] A display device of the present disclosure may be
of a module type having a sealed configuration. In one
example, a display device of the present disclosure is a
display module formed by attaching a facing portion such as
transparent glass to the pixel array unit. Note that the display
module may be equipped with a circuit unit for inputting/
outputting signals from the outside to the pixel array unit, a
flexible printed circuit (FPC), and the like. In the description
below, a digital still camera and head-mounted displays will
be explained as specific examples of electronic apparatuses
using a display device of the present disclosure. However,
the specific examples described herein are merely an
example, and are not limited thereto.

Specific Example 1

[0168] FIG. 23 is an external view of a single-lens reflex
digital still camera with an interchangeable lens. FIG. 23A
shows a front view of the digital still camera, and FIG. 23B
shows a rear view of the digital still camera. The single-lens
reflex digital still camera with an interchangeable lens
includes an interchangeable imaging lens unit (an inter-
changeable lens) 412 on the front right side of a camera main
unit (camera body) 411, and a grip portion 413 for the
image-capturing person to grip on the front right side, for
example.

[0169] Further, a monitor 414 is provided almost at the
center of the back surface of the camera main unit 411.
Above the monitor 414, a viewfinder (eyepiece window)
415 is provided. By looking through the viewfinder 415, the
image-capturing person can visually recognize an optical
image of the object guided from the imaging lens unit 412,
and determine the composition.

[0170] In the single-lens reflex digital still camera with an
interchangeable lens and the above configuration, a display
device of the present disclosure can be used as the view-
finder 415. That is, the single-lens reflex digital still camera
with an interchangeable lens according to this example is
manufactured by using a display device of the present
disclosure as the viewfinder 415.

Specific Example 2

[0171] FIG. 24 is an external view of a head-mounted
display. The head-mounted display includes ear hook por-
tions 512 on both sides of a display unit 511 in the form of
eyeglasses, for example, and the ear hook portions 512 are
designed for the user to attach the head-mounted display to
the head. In this head-mounted display, a display device of
the present disclosure can be used as the display unit 511.
That is, the head-mounted display according to this example
is manufactured by using a display device of the present
disclosure as the display unit 511.

Specific Example 3

[0172] FIG. 25 is an external view of a see-through
head-mounted display. A see-through head-mounted display
611 includes a main unit 612, an arm 613, and a lens tube
614.
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[0173] The main unit 612 is connected to the arm 613 and
glasses 600. Specifically, the end of the main unit 612 in the
long-side direction is joined to the arm 613, and one of the
side surfaces of the main unit 612 is joined to the glasses 600
via a connecting member. Note that the main unit 612 may
be attached directly to the head of a person.

[0174] The main unit 612 contains a control board for
controlling operation of the see-through head-mounted dis-
play 611, and a display unit. The arm 613 connects the main
unit 612 and the lens tube 614, and supports the lens tube
614. Specifically, the arm 613 is joined to an end of the main
unit 612 and an end of the lens tube 614, to secure the lens
tube 614. Further, the arm 613 contains a signal line for
communicating data relating to an image being provided
from the main unit 612 to the lens tube 614.

[0175] The lens tube 614 projects image light provided
from the main unit 612 via the arm 613, toward an eye of the
user wearing the see-through head-mounted display 611
through the eyepiece, through an eyepiece. In this see-
through head-mounted display 611, a display device of the
present disclosure can be used as the display unit of the main
unit 612.

[Other Aspects]

[0176] Note that the present disclosure can also have the
configurations described below.

[Al]

[0177] A display device including

[0178] light emitting units each formed by stacking a first

electrode, an organic layer, and a second electrode, the light
emitting units being formed and arranged in a two-dimen-
sional matrix on a substrate, in which

[0179] the first electrode is provided for each light emit-
ting unit,

[0180] partition walls are formed between adjacent first
electrodes,

[0181] the organic layer and the second electrode are
stacked on an entire surface including a part over the first
electrodes and a part over the partition walls,

[0182] a filling layer filling recesses between the partition
walls is formed on the second electrode,

[0183] the partition walls include stacks each including at
least two layers including a lower layer portion on a light
emitting unit side and an upper layer portion located above
the lower layer portion, and

[0184] atleast part of light entering from the light emitting
units is totally reflected on surfaces of the upper layer
portions of the partition walls.

[A2]
[0185] The display device according to [A1], in which
[0186] the lower layer portions of the partition walls are

disposed in regions in which light emitted from a position at
the farthest distance from the partition walls in light emitted
from the light emitting units is not totally reflected when all
of the partition walls include a material forming the upper
layer portions.

[A3]

[0187]
which

The display device according to [Al] or [A2], in
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[0188] the upper layer portions of the partition walls
include an inorganic oxide.

[Ad]

[0189] The display device according to [A3], in which
[0190] the upper layer portions of the partition walls
include silicon oxide.

[AS]

[0191] The display device according to any one of [A1] to
[A4], in which

[0192] the lower layer portions of the partition walls
include an inorganic nitride.

[A6]

[0193] The display device according to [AS], in which
[0194] the lower layer portions of the partition walls
include silicon nitride.

[A7]

[0195] The display device according to any one of [A1] to
[A4], in which

[0196] the lower layer portions of the partition walls
include an inorganic oxynitride.

[Ag]

[0197] The display device according to [A7], in which
[0198] the lower layer portions of the partition walls
include silicon oxynitride.

[A9]

[0199] The display device according to any one of [A1] to
[A4], in which

[0200] the lower layer portions of the partition walls
include a resin material.

[A10]

[0201] The display device according to [A9], in which
[0202] the lower layer portions of the partition walls
include polyimide resin or acrylic resin.

[Al1]

[0203] The display device according to any one of [A1] to

[A10], further including

[0204] color filters disposed above the light emitting units.
[A12]
[0205] The display device according to any one of [A1] to

[A11], in which

[0206] the upper layer portions of the partition walls each
include a first upper layer portion on a lower layer portion
side and a second upper layer portion above the first upper
layer portion, and

[0207] the second upper layer portion includes the same
material as a material forming the lower layer portions.
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[A13]
[0208] The display device according to [A12], in which
[0209] the first upper layer portions each include a layer

including the same material as the material forming the
lower layer portion in the layer.

[BI]

[0210] An electronic apparatus including a display device,
in which

[0211] the display device includes

[0212] light emitting units each formed by stacking a first

electrode, an organic layer, and a second electrode, the light
emitting units being formed and arranged in a two-dimen-
sional matrix on a substrate,

[0213] partition walls are formed between adjacent ones of
the light emitting units,

[0214] a protective layer fills a space between the partition
walls,
[0215] the partition walls include stacks each including at

least two layers including a lower layer portion on a light
emitting unit side and an upper layer portion located above
the lower layer portion, and the lower layer portion includes
a material having a higher refractive index than a material
forming the upper layer portion, and

[0216] at least part of light from the light emitting units is
totally reflected on surfaces of the upper layer portions of the
partition walls.

(B2]

[0217] The electronic apparatus according to [Bl], in
which

[0218] the lower layer portions of the partition walls are

disposed in regions in which light emitted from a position at
the farthest distance from the partition walls in light emitted
from the light emitting units is not totally reflected when all
of the partition walls include the material forming the upper
layer portions.

(B3]

[0219] The electronic apparatus according to [B1] or [B2],
in which

[0220] the upper layer portions of the partition walls
include an inorganic oxide.

[B4]

[0221] The electronic apparatus according to [B3], in
which

[0222] the upper layer portions of the partition walls
include silicon oxide.

(B3]

[0223] The electronic apparatus according to any one of

[B1] to [B4], in which

[0224] the lower layer portions of the partition walls
include an inorganic nitride.

[Bo]

[0225] The electronic apparatus according to [BS5], in
which

[0226] the lower layer portions of the partition walls

include silicon nitride.
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[B7]

[0227] The electronic apparatus according to any one of
[B1] to [B4], in which

[0228] the lower layer portions of the partition walls
include an inorganic oxynitride.

(B8]

[0229] The electronic apparatus according to [B7], in
which

[0230] the lower layer portions of the partition walls
include silicon oxynitride.

(BI]

[0231] The electronic apparatus according to any one of

[B1] to [B4], in which

[0232] the lower layer portions of the partition walls
include a resin material.

[B10]

[0233] The electronic apparatus according to [B9], in
which

[0234] the lower layer portions of the partition walls
include polyimide resin or acrylic resin.

[B11]

[0235] The electronic apparatus according to any one of

[B1] to [B10], further including

[0236] color filters disposed above the light emitting units.
[B12]
[0237] The electronic apparatus according to any one of

[B1] to [B1], in which

[0238] the upper layer portions of the partition walls each
include a first upper layer portion on a lower layer portion
side and a second upper layer portion above the first upper
layer portion, and

[0239] the second upper layer portion includes the same
material as the material forming the lower layer portions.
[B13]

[0240] The electronic apparatus according to [B12], in
which

[0241] the first upper layer portions each include a layer

including the same material as a material forming the lower
layer portion in the layer.

REFERENCE SIGNS LIST

[0242] 1.2, 3, 9 Display device

[0243] 10 Subpixel

[0244] 100 Substrate

[0245] 110 First electrode

[0246] 120, 220, 320, 920 Partition wall

[0247] 121 Lower layer portion (material layer)
[0248] 122 Upper layer portion (material layer)
[0249] 222, 223, 322, 323, 324, 325 Material layer
[0250] 130 Organic layer

[0251] 140 Second electrode

[0252] 150 Light emitting unit

[0253] 160 Filling layer

[0254] 170 Color filter

[0255] 180 Transparent substrate
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190 Mask portion (the material layer forming the

mask portion)

[0257] 200A First etching process
[0258] 200B Second etching process
[0259] 411 Camera main unit

[0260] 412 Imaging lens unit

[0261] 413 Grip portion

[0262] 414 Monitor

[0263] 415 Viewfinder

[0264] 511 Eyeglass-shaped display unit
[0265] 512 Ear hook portion

[0266] 600 Glasses (eyewear)

[0267] 611 See-through head-mounted display
[0268] 612 Main unit

[0269] 613 Arm

[0270] 614 Lens tube

[0271] R Red display pixel

[0272] G Green display pixel

[0273] B Blue display pixel

1. A display device comprising

light emitting units each formed by stacking a first elec-
trode, an organic layer, and a second electrode, the light
emitting units being formed and arranged in a two-
dimensional matrix on a substrate, wherein

the first electrode is provided for each light emitting unit,

partition walls are formed between adjacent ones of the
first electrodes,

the organic layer and the second electrode are stacked on
an entire surface including a part over the first elec-
trodes and a part over the partition walls,

a filling layer filling recesses between the partition walls
is formed on the second electrode,

the partition walls include stacks each including at least
two layers including a lower layer portion on a light
emitting unit side and an upper layer portion located
above the lower layer portion, and

at least part of light entering from the light emitting units
is totally reflected on surfaces of the upper layer
portions of the partition walls.

2. The display device according to claim 1, wherein

the lower layer portions of the partition walls are disposed
in regions in which light emitted from a position at a
farthest distance from the partition walls in light emit-
ted from the light emitting units is not totally reflected
when all of the partition walls include a material
forming the upper layer portions.

3. The display device according to claim 1, wherein

the upper layer portions of the partition walls include an
inorganic oxide.

4. The display device according to claim 3, wherein

the upper layer portions of the partition walls include
silicon oxide.
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5. The display device according to claim 1, wherein

the lower layer portions of the partition walls include an
inorganic nitride.

6. The display device according to claim 5, wherein

the lower layer portions of the partition walls include
silicon nitride.

7. The display device according to claim 1, wherein

the lower layer portions of the partition walls include an
inorganic oxynitride.

8. The display device according to claim 7, wherein

the lower layer portions of the partition walls include
silicon oxynitride.

9. The display device according to claim 1, wherein

the lower layer portions of the partition walls include a
resin material.

10. The display device according to claim 9, wherein

the lower layer portions of the partition walls include
polyimide resin or acrylic resin.

11. The display device according to claim 1, further

comprising

color filters disposed above the light emitting units.

12. The display device according to claim 1, wherein

the upper layer portions of the partition walls each include
a first upper layer portion on a lower layer portion side
and a second upper layer portion above the first upper
layer portion, and

the second upper layer portion includes a same material as
a material forming the lower layer portions.

13. The display device according to claim 12, wherein

the first upper layer portions each include a layer includ-
ing the same material as the material forming the lower
layer portion in the layer.

14. An electronic apparatus comprising a display device,

wherein

the display device includes

light emitting units each formed by stacking a first elec-
trode, an organic layer, and a second electrode, the light
emitting units being formed and arranged in a two-
dimensional matrix on a substrate,

partition walls are formed between adjacent ones of the
light emitting units,

a protective layer fills a space between the partition walls,

the partition walls include stacks each including at least
two layers including a lower layer portion on a light
emitting unit side and an upper layer portion located
above the lower layer portion, and the lower layer
portion includes a material having a higher refractive
index than a material forming the upper layer portion,
and

at least part of light from the light emitting units is totally
reflected on surfaces of the upper layer portions of the
partition walls.
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