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7) ABSTRACT

A display device according to an embodiment of the present
invention includes: a substrate; an organic light-emitting
diode provided for each pixel on the substrate; an insulating
layer that is formed along a boundary of the pixel and has an
opening portion in a light-emitting region of the pixel; a first
refractive index layer; and a second refractive index layer.
The first refractive index layer is disposed on the insulating
layer and the organic light-emitting diode, is made of a
material having a first refractive index, and has a first
recessed portion overlapping with a formation region of the
insulating layer in plan view. The second refractive index
layer is disposed inside the first recessed portion and is made
of a material having a second refractive index lower than the
first refractive index.
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING A DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese Application JP 2017-081348 filed on Apr. 17, 2017, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a display device
and a method of manufacturing a display device.

2. Description of the Related Art

[0003] A flat panel display such as an organic electrolu-
minescence (EL) display device has a display panel on
which a thin film transistor (TFT), an organic light-emitting
diode (OLED), or the like is formed on a substrate.

[0004] JP2011-65800A discloses a configuration having a
plurality of organic light-emitting diodes disposed above an
underlying structure layer including a substrate, a TFT, an
interlayer insulating layer, and the like, and banks disposed
between the plurality of organic light-emitting diodes, and
further having an inorganic sealing film and a filling layer
above the banks.

SUMMARY OF THE INVENTION

[0005] However, there is a problem that light extraction
efficiency is low in the configuration of the related art
described above. That is, in the configuration of the related
art described above, the inorganic sealing film has a refrac-
tive index higher than a refractive index of the filling layer.
Therefore, when light emitted from the organic light-emit-
tingdiode in a direction oblique to a light-emitting surface of
the diode is incident on the inorganic sealing film formed
above the bank, the light is reflected at an interface between
the inorganic sealing film and the filling layer, and the light
extraction efficiency deteriorates.

[0006] One or more embodiments of the present invention
are made in view of the problem described above, and a
purpose thereof is to improve the light extraction efliciency
of the light emitted from the organic light-emitting diode in
the direction oblique to the light-emitting surface of the
diode.

[0007] 1. Adisplay device according to an embodiment of
the present invention includes: a substrate; an organic light-
emitting diode that includes a first electrode, a first organic
layer provided on the first electrode, and a second electrode
provided on the first organic layer, which are provided for
each pixel on the substrate; an insulating layer that is formed
along a boundary of the pixel and has an opening portion in
a light-emitting region of the pixel; a first refractive index
layer; and a second refractive index layer. The first refractive
index layer is disposed on the insulating layer and the
organic light-emitting diode, is made of a material having a
first refractive index, and has a first recessed portion over-
lapping with a formation region of the insulating layer in
plan view. The second refractive index layer is disposed
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inside the first recessed portion and is made of a material
having a second refractive index lower than the first refrac-
tive index.

[0008] 2. In the display device according to the above-
mentioned item 1, the first refractive index layer may
include a first inorganic insulating layer and a second
inorganic insulating layer provided above the first inorganic
insulating layer, and a second organic layer may be provided
between the first inorganic insulating layer and the second
inorganic insulating layer in the light-emitting region.
[0009] 3. In the display device according to the above-
mentioned item 2, the second organic layer may have a
second recessed portion in the formation region of the
insulating layer, and the second inorganic insulating layer
may be provided along an upper surface shape of the second
organic layer and have the first recessed portion having a
shape conforming to the second recessed portion, and the
first inorganic insulating layer and the second inorganic
insulating layer may be in contact with each other at the
second recessed portion.

[0010] 4. Inthe display device according to any one of the
above-mentioned items 1 to 3, the insulating layer may have
a third recessed portion on the upper surface of the insulating
layer, the first refractive index layer may have a shape
conforming to an upper surface shape of the insulating layer
in the formation region of the insulating layer, and the first
recessed portion may overlap with the third recessed portion
in plan view.

[0011] 5. In the display device according to any one of the
above-mentioned items 1 to 4, the first recessed portion may
include an inner side surface curved toward an opening side
of the first recessed portion.

[0012] 6. Inthe display device according to any one of the
above-mentioned items 1 to 5, the first refractive index layer
may include silicon.

[0013] 7.1Inthe display device according to any one of the
above-mentioned items 1 to 6, the second refractive index
layer may include anyone of the air, nitrogen gas, and an
organic material having transparency as a constituent mate-
rial.

[0014] 8. Inthe display device according to any one of the
above-mentioned items 1 to 7, the first recessed portion may
be provided so as to surround one light-emitting region or a
plurality of the light-emitting regions in plan view.

[0015] 9. In the display device according to the above-
mentioned item 8, the first recessed portion may be formed
in a region having a substantially rectangular shape in plan
view, and, in the substantially rectangular shape, a length of
along side may be two times or more a length of a short side.
[0016] 10. A method of manufacturing a display device
according to an embodiment of the present invention
includes: a step of preparing a substrate; a step of providing
an organic light-emitting diode including a first electrode, a
first organic layer provided on the first electrode, and a
second electrode provided on the first organic layer provided
for each pixel on the substrate; a step of forming an
insulating layer that is formed along a boundary of the pixel
and has an opening portion in a light-emitting region of the
pixel; a step of forming a first refractive index layer disposed
on the insulating layer and the organic light-emitting diode,
made of a material having a first refractive index, and having
a first recessed portion overlapping with a formation region
of the insulating layer in plan view; and a step of forming a
second refractive index layer disposed inside the first
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recessed portion and made of a material having a second
refractive index lower than the first refractive index.
[0017] 11. In the method of manufacturing a display
device according to the above-mentioned item 10, the step
of forming a first refractive index layer may include a step
of forming a first inorganic insulating layer and a step of
forming a second inorganic insulating layer provided above
the first inorganic insulating layer, and a step of forming a
second organic layer above the first inorganic insulating
layer after forming the first inorganic insulating layer and
before forming the second inorganic insulating layer.
[0018] 12. In the method of manufacturing a display
device according to the above-mentioned item 11, in the step
of forming a second organic layer, a second recessed portion
may be formed on the upper surface of the second organic
layer in the formation region of the insulating layer, and, in
the step of forming a second inorganic insulating layer, the
second inorganic insulating layer may be formed along an
upper surface shape of the second organic layer by sputter-
ing or vapor deposition, and the first recessed portion having
a shape conforming to the second recessed portion may be
formed in the second inorganic insulating layer.

[0019] 13. In the method of manufacturing a display
device according to the above-mentioned item 10, a third
recessed portion may be formed on the upper surface of the
insulating layer after forming the insulating layer, and the
first refractive index layer having the first recessed portion
having a shape conforming to the third recessed portion may
be formed by forming the first inorganic insulating layer
above the insulating layer by vapor deposition or sputtering.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 11is a schematic diagram illustrating a general
configuration of a display device according to a present
embodiment.

[0021] FIG. 2 is a schematic plan view of a display panel
in the display device according to the present embodiment.
[0022] FIG. 3 is a schematic vertical cross-sectional view
illustrating example 1 of the display panel at a position along
a line III-1IT illustrated in FIG. 2.

[0023] FIG. 4 is a schematic enlarged cross-sectional view
of a first recessed portion illustrated in FIG. 3.

[0024] FIG. 5 is a schematic enlarged cross-sectional view
of the first recessed portion illustrated in FIG. 3.

[0025] FIG. 6 is a schematic plan view illustrating a
disposition relationship between organic light-emitting
diodes and the first recessed portions.

[0026] FIG. 7 is a schematic plan view illustrating a
disposition relationship between organic light-emitting
diodes and the first recessed portion.

[0027] FIG. 8 is a schematic plan view illustrating a
disposition relationship between organic light-emitting
diodes and the first recessed portion.

[0028] FIG. 9 is a schematic plan view illustrating a
disposition relationship between organic light-emitting
diodes and the first recessed portion.

[0029] FIG. 10 is a schematic plan view illustrating a
disposition relationship between organic light-emitting
diodes and the first recessed portion.

[0030] FIG. 11 is a schematic plan view illustrating a
disposition relationship between organic light-emitting
diodes and the first recessed portion.
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[0031] FIG. 12 is a schematic vertical cross-sectional view
illustrating example 2 of the display panel at the position
along the line IIT-111 illustrated in FIG. 2.

[0032] FIG. 13 is a schematic vertical cross-sectional view
illustrating example 3 of the display panel at the position
along the line II-11I illustrated in FIG. 2.

[0033] FIG. 14 is a schematic vertical cross-sectional view
illustrating example 4 of the display panel at the position
along the line II-1II illustrated in FIG. 2.

[0034] FIG. 15 is a schematic vertical cross-sectional view
illustrating Example of a display panel including a touch
panel at the position along the line III-III illustrated in FIG.
2.

[0035] FIG. 16 is a schematic plan view illustrating a
disposition relationship between organic light-emitting
diodes and the first recessed portion.

DETAILED DESCRIPTION OF THE
INVENTION

First Embodiment

[0036] Hereinafter, an embodiment of the present inven-
tion will be described with reference to drawings.

[0037] The present disclosure is merely an example, and
an appropriate modification, which can be easily conceived
by those skilled in the art, maintaining the gist of the present
invention is naturally included in the scope of the present
invention. There is a case where the drawing is schemati-
cally represented in terms of width, thickness, shape, and the
like of each portion compared with an actual form for more
clear description. However, the drawing is merely an
example and does not limit the interpretation of the present
invention. In the specification and each figure, the same
element as that described above in a preceding figure may be
assigned the same reference numeral and a detailed descrip-
tion thereof may be omitted as appropriate.

[0038] when a positional relationship between one com-
ponent and another component is defined, unless specified
otherwise, the words “on” and “under” are not applied only
to a situation where the other component is located directly
on or directly under the one component, but may also be
applied to a situation where still another component is
interposed between the one component and the other com-
ponent.

[0039] A display device 2 according to the present
embodiment is, for example, an organic electroluminescence
display device and is mounted on television, personal com-
puter, mobile terminal, mobile phone, and the like. FIG. 1 is
a schematic diagram illustrating a general configuration of a
display device 2 according to the embodiment. The display
device 2 includes a pixel array portion 4 that displays an
image and a driving unit that drives the pixel array portion
4. The display device 2 may have a base material made of
glass or the like. The display device 2 may be a flexible
display having flexibility and may have a base material
made of a resin film having flexibility or the like in the case.
The display device 2 has a wiring layer including wiring
provided inside or above the base material.

[0040] In the pixel array portion 4, organic light-emitting
diodes 6 and pixel circuits 8 are arranged in a matrix form
corresponding to pixels. The pixel circuit 8 includes a
lighting thin film transistor (TFT) 10, a driving TFT 12, a
capacitor 14, and the like.
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[0041] On the other hand, the driving unit includes a
scanning line driving circuit 20, a video line driving circuit
22, a driving power supply circuit 24, and a control device
26. The driving unit drives the pixel circuit 8 and controls
emission of the organic light-emitting diode 6.

[0042] The scanning line driving circuit 20 is connected to
a scanning signal line 28 provided for each arrangement
(pixel row) in the horizontal direction of the pixels. The
scanning line driving circuit 20 sequentially selects the
scanning signal line 28 in response to a timing signal input
from the control device 26 and applies a voltage for turning
on the lighting TFT 10 to a selected scanning signal line 28.
[0043] The video line driving circuit 22 is connected to a
video signal line 30 provided for each arrangement (pixel
column) in the vertical direction of the pixels. The video line
driving circuit 22 receives a video signal from the control
device 26 and outputs a voltage corresponding to the video
signal of a selected pixel row to each video signal line 30 in
accordance with the selection of the scanning signal line 28
by the scanning line driving circuit 20. The voltage is written
in the capacitor 14 through the lighting TFT 10 in the
selected pixel row. The driving TFT 12 supplies a current
corresponding to the written voltage to the organic light-
emitting diode 6, and thus the organic light-emitting diode 6
of a pixel corresponding to the selected scanning signal line
28 emits light.

[0044] The driving power supply circuit 24 is connected to
a driving power supply line 32 provided for each pixel
column and supplies a current to the organic light-emitting
diode 6 through the driving power supply line 32 and the
driving TFT 12 of the selected pixel row.

[0045] Here, a lower electrode of the organic light-emit-
ting diode 6 is connected to the driving TFT 12. On the other
hand, an upper electrode of each organic light-emitting
diode 6 is configured of an electrode common to the organic
light-emitting diodes 6 of all pixels. In a case where the
lower electrode is configured as the anode, high potential is
input, and the upper electrode becomes the cathode and low
potential is input. In a case where the lower electrode is
configured as the cathode, the low potential is input, and the
upper electrode becomes the anode and the high potential is
input.

[0046] FIG. 2 is a schematic plan view of a display panel
40 of the display device 2. The pixel array portion 4
illustrated in FIG. 1 is provided in a display region 42 of the
display panel 40, and the organic light-emitting diodes 6 are
arranged in the pixel array portion 4 as described above.
[0047] A driving unit formation region 46 is provided
outside the display region 42 in the display panel 40, and
wiring connected to the display region 42 is disposed in the
driving unit formation region 46. Further, a driver 1C 48
configuring the driving unit is mounted in the driving unit
formation region 46, or flexible printed circuits (FPC) 50 are
connected thereto. The FPC 50 is connected to the scanning
line driving circuit 20, the video line driving circuit 22, the
driving power supply circuit 24. the control device 26, and
the like or an IC is mounted thereon.

EXAMPLE 1

[0048] Hereinafter, example 1 in the present embodiment
will be described using FIG. 3. FIG. 3 is a schematic vertical
cross-sectional view of the display panel 40 at a position
along a line III-IIT illustrated in FIG. 2. The display panel 40
has a structure in which a circuit layer configured of a TFT
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72 and the like on an insulating base material 70 made of the
resin film or the like, a plurality of organic light-emitting
diodes 6 including a first organic light-emitting diode 6A, a
second organic light-emitting diode 6B, and the like, and the
first inorganic insulating layer 107, the second inorganic
insulating layer 109, and the like as a sealing layer that seals
the organic light-emitting diodes 6 are stacked. For example,
the glass and a flexible material such as a polyimide film can
be used as the insulating base material 70. A filling layer 114
can be formed between the first inorganic insulating layer
107 and the second inorganic insulating layer 109. A first
recessed portion 108 is formed on the upper surface of the
second inorganic insulating layer 109, and a second refrac-
tive index layer 120 is formed inside the first recessed
portion 108. The second refractive index layer 120 has a
refractive index lower than the first inorganic insulating
layer 107 and the second inorganic insulating layer 109.
Further, a counter substrate 122 is provided on the upper
surface of the second inorganic insulating layer 109 in the
embodiment. The counter substrate 122 can use, for
example, a transparent base material such as the resin film
and a glass substrate. The counter substrate 122 may further
have a configuration in which a color filter is stacked or a
circular polarization plate is stacked.

[0049] In the present embodiment, the organic light-emit-
ting diode 6 emits light radiated in all directions in an
organic layer 102. Light emitted toward an insulating base
material 70 side of the light radiated from the organic layer
102 is reflected toward a counter substrate 122 side by a
lower electrode 100 disposed below the organic layer 102. In
the embodiment, a configuration in which each organic
light-emitting diode 6 respectively emits light of red, green,
and blue will be described, but each organic light-emitting
diode 6 may also emit light of a color other than the above.
The configuration may not be limited to the three colors and
may also be configured of four colors, for example, of red,
green, blue, and white. Each of organic light-emitting diodes
6 may also emit white light. A configuration in which a color
filter corresponding to each pixel is disposed on the counter
substrate 122 side may also be employed.

[0050] An underlying structure layer 118 includes the
circuit layer, and the pixel circuit 8, the scanning signal line
28, the video signal line 30, the driving power supply line
32, and the like described above are formed in the circuit
layer. The pixel circuit 8, the scanning signal line 28, the
video signal line 30, the driving power supply line 32, and
the like are electrically connected to the driver IC 48, FPC
50, and the like disposed in the driving unit formation region
46 illustrated in FIG. 2.

[0051] Hereinafter, more specific configuration and a
method of manufacturing for realizing the configuration will
be described. A polysilicon (p-Si) film is formed on the
insulating base material 70 through a first insulating film 80
as an underlying layer made of an inorganic insulating
material such as silicon nitride (SiN,) and silicon oxide
(810,) . Then, the p-Si film is patterned to selectively leave
a p-Si film at a place used in the TFT 72. For example, a
semiconductor region 82 to be a channel portion, a source
portion, and a drain portion of the top gate type TFT 72 is
formed using the p-Si film. A gate electrode 86 is disposed
on the channel portion of the TFT 72 through a gate
insulating film 84. The gate electrode 86 is formed by
patterning a metal film formed by sputtering or the like.
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[0052] Then, an interlayer insulating film 88 covering the
gate electrode 86 is stacked. An impurity is introduced in the
p-Si to be the source portion and the drain portion of the TFT
72 by ion implantation, and a source electrode 90a and a
drain electrode 904 electrically connected to the source
portion and the drain portion are further formed. In this
manner, the TFT 72 is formed and then an interlayer
insulating film 92 is stacked. Wiring 94 and the like can be
formed on a surface of the interlayer insulating film 92 by
patterning a metal film formed by sputtering or the like. For
example, the wiring 116 and the scanning signal line 28, the
video signal line 30, and the driving power supply line 32
illustrated in FIG. 1 can be formed with a multilayer wiring
structure using the metal film and the metal film used for
forming the gate electrode 86, the source electrode 90a, and
the drain electrode 905. A planarization film 96 is formed on
the patterned metal film, for example, by stacking an organic
material such as an acrylic resin.

[0053] In the present example, the layers from the insu-
lating base material 70 to the planarization film 96 are set as
the underlying structure layer 118. Another organic material
layer or inorganic material layer may be provided further on
the upper layer of the planarization film 96, and another
organic material layer or inorganic material layer may be set
as the underlying structure layer 118.

[0054] The first organic light-emitting diode 6A and the
second organic light-emitting diode 6B are formed on the
underlying structure layer 118. The first organic light-emit-
ting diode 6A has a lower electrode 100A, an organic layer
102A, and an upper electrode 104A, and the lower electrode
100A, the organic layer 102A, and the upper electrode 104A
are stacked in order from the insulating base material 70
side. In the present embodiment, the lower electrode 100A
is the anode of the first organic light-emitting diode 6A, and
the upper electrode 104 A is the cathode thereof. The organic
layer 102A is configured to have a hole transport layer, a
light-emitting layer, an electron transport layer, and the like.
Similarly, the second organic light-emitting diode 6B has a
lower electrode 100B, an organic layer 102B, and an upper
electrode 104B, and the lower electrode 100B, the organic
layer 102B, and the upper electrode 104B are stacked in
order from the insulating base material 70 side. In the
embodiment, the lower electrode 100B is the anode of the
second organic light-emitting diode 6B, and the upper
electrode 104B is the cathode thereof. The organic layer
102B is configured to have the hole transport layer, the
light-emitting layer, the electron transport layer, and the like.
[0055] If the TFT 72 illustrated in FIG. 3 is the driving
TFT 12 having an n channel, each of the lower electrode
100A of the first organic light-emitting diode 6A and the
lower electrode 100B of the second organic light-emitting
diode 6B is connected to the source electrode 90a of the TFT
72. Specifically, the underlying structure layer 118 described
above is formed and then a contact hole 110 is formed for
connecting each of the lower electrode 100A and the lower
electrode 100B to the TFT 72. Then, the lower electrode 100
connected to the TFT 72 can be formed for each pixel by
patterning a conductive film formed on the upper surface of
the underlying structure layer 118 and inside the contact hole
110.

[0056] After the formation of the lower electrode 100A
and the lower electrode 100B, a bank 112 which is an
insulating layer covering the end portion of the lower
electrode 100A is formed. Photosensitive acrylic or the like
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is used as a material of the bank 112. The bank 112 may be
formed using a resin such as polyimide An opening region
surrounded by the bank 112 is an effective region (light-
emitting region) of the organic light-emitting diode in a
pixel. The lower electrode 100A and the lower electrode
100B are exposed in the effective region of the pixel.
[0057] After the formation of the bank 112, each layer
configuring the organic layer 102A is stacked in order on the
lower electrode 100A. Similarly, each layer configuring the
organic layer 102B is stacked in order on the lower electrode
100B. Each of the organic layers 102A and 102B is formed
by vapor deposition and formed also on a part of the upper
surface of the bank 112. A portion configuring a part of the
first organic light-emitting diode 6A in a formation region of
the lower electrode 100A is set as the organic layer 1024,
and a portion configuring a part of the second organic
light-emitting diode 6B in a formation region of the lower
electrode 100B is set as the organic layer 102B. The organic
layers 102A and 102B may be stacked by coating formation
after solvent dispersion.

[0058] In the present example illustrated in FIG. 3, the
organic layers 102A and 102B are formed on the part of the
upper surface of the bank 112, but the organic layers 102A
and 102B may not be formed on the upper surface of the
bank 112.

[0059] Then, the upper electrode 104A is formed on the
organic layer 102A and the upper electrode 104B is formed
on the organic layer 102B by vapor deposition. In a case of
a top emission structure, the upper electrodes 104A and
104B are formed using a transparent electrode material.
There are ITO, [ZO, and the like as the transparent electrode
material. In the present example, the upper electrodes 104A
and 104B are formed on the upper surface of the organic
layer 102A, the organic layer 102B, and the bank 112. That
is, the upper electrodes 104A and 104B are formed continu-
ously over substantially the entire surface of the display
region 42. In FIG. 3, a portion configuring a part of the first
organic light-emitting diode 6A is set as the upper electrode
104A in the formation region of the lower electrode 1004,
and a portion configuring a part of the second organic
light-emitting diode 6B is set as the upper electrode 104B in
the formation region of the lower electrode 100B.

[0060] The first inorganic insulating layer 107 is formed
on the upper surface of the upper electrodes 104A and 104B.
The first inorganic insulating layer 107 is made of an
inorganic insulating layer. The first inorganic insulating
layer 107 is formed by depositing, for example, silicon
nitride, silicon oxide, silicon oxynitride, or the like by a
CVD method. As illustrated in FIG. 3, the first inorganic
insulating layer 107 is provided from the upper surface of
the first organic light-emitting diode 6A and the second
organic light-emitting diode 6B to the upper surface of the
bank 112. That is, the first inorganic insulating layer 107 is
formed continuously over substantially the entire surface of
the display region 42.

[0061] After the formation of the first inorganic insulating
layer 107, the filling layer 114 is stacked on the upper
surface of the first inorganic insulating layer 107. The filling
layer 114 is formed by a method such as printing or coating
using, for example, the organic material such as acrylic resin
Or epoxy resin.

[0062] In the present example, the filling layer 114 is
configured to have a second recessed portion 114A in a part
of a formation region of the bank 112. In particular, in the
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present example illustrated in FIG. 3, the second recessed
portion 114A is on the upper surface of the first inorganic
insulating layer 107, and the filling layer 114 is not formed
on the upper surface of the first inorganic insulating layer
107 in a formation region of the second recessed portion
114A.

[0063] After the formation of the filling layer 114, the
second inorganic insulating layer 109 is formed. The second
inorganic insulating layer 109 is made of the inorganic
insulating layer. Similarly to the first inorganic insulating
layer 107, the second inorganic insulating layer 109 is
formed by depositing, for example, silicon nitride, silicon
oxide, silicon oxynitride, or the like by the CVD method.
The second inorganic insulating layer 109 is formed on the
upper surface and the side surface of the filling layer 114,
and on the upper surface of the first inorganic insulating
layer 107 exposed from the second recessed portion 114A of
the filling layer 114. That is, the second inorganic insulating
layer 109 is formed continuously over substantially the
entire surface of the display region 42. As illustrated in FIG.
3, the second inorganic insulating layer 109 has a shape
conforming to an upper surface shape of the filling layer 114
and has the first recessed portion 108 having a shape
conforming to a shape of the second recessed portion 114A
of the filling layer 114.

[0064] As illustrated in FIG. 3, the second refractive index
layer 120 is provided inside the first recessed portion 108.
The second refractive index layer 120 may be made of any
material as long as the material has a refractive index lower
than a refractive index of a material used for the first
inorganic insulating layer 107 and the second inorganic
insulating layer 109, and is made of, for example, the air,
nitrogen gas, acrylic resin, or the like. In a case where the
material used for the filling layer 114 is the acrylic resin, the
second refractive index layer 120 may be made of the same
material as the filling layer 114. In the present example, the
counter substrate 122 is mounted on the upper surface of the
second inorganic insulating layer 109 in a state where the air
is filled inside the first recessed portion 108. Accordingly,
the air is confined between the first recessed portion 108 and
the counter substrate 122, and the air is the material con-
figuring the second refractive index layer 120. In a case
where the display panel 40 is manufactured in a nitrogen
atmosphere, the second refractive index layer 120 may be
made of the nitrogen gas. Alteratively, the second refractive
index layer 120 can be formed by filling the inside of the first
recessed portion 108 with the same material as the filling
layer 114 before forming the counter substrate 122.

[0065] According to such configuration, it is possible to
improve the extraction efficiency of light output from the
organic layer 102A of the first organic light-emitting diode
6A. A reason for this will be described below.

[0066] As illustrated in FIG. 3, light 150A, of the light
emitted from the organic layer 102A of the first organic
light-emitting diode 6 A, emitted in a direction perpendicular
to alight-emitting surface of the first organic light-emitting
diode 6A, that is, perpendicular to a stacking surface of each
constituent layer in the first organic light-emitting diode 6A
passes through the first inorganic insulating layer 107, the
filling layer 114, and the second inorganic insulating layer
109, and is emitted from the upper surface of the counter
substrate 122.

[0067] However, as illustrated in FIG. 3, light 150B, of the
light emitted from the organic layer 102A of the first organic

Oct. 18, 2018

light-emitting diode 6 A, emitted in a direction oblique to the
light-emitting surface of the first organic light-emitting
diode 6A is reflected at an interface between the first
inorganic insulating layer 107 and the filling layer 114,
further reflected at the lower electrode 100A, and is incident
on the first inorganic insulating layer 107 and the second
inorganic insulating layer 109 provided on the upper surface
of the bank 112.

[0068] The light 150B, emitted in the direction oblique to
the light-emitting surface of the first organic light-emitting
diode 6A, has an inclination also to the upper surface of the
second inorganic insulating layer 109. Therefore, the light
150B may be originally reflected at an interface between the
counter substrate 122 provided on the upper surface of the
second inorganic insulating layer 109 and the second inor-
ganic insulating layer 109. However, in the present example,
the first recessed portion 108 is formed on the upper surface
of the second inorganic insulating layer 109, and an incli-
nation of an inner side surface of the first recessed portion
108 plays a role in reducing the inclination of the upper
surface of the second inorganic insulating layer 109 with
respect to an incident direction of the light 150B. That is, the
light 150B, emitted in the direction oblique to the light-
emitting surface of the first organic light-emitting diode 6A,
can be incident at an angle close to perpendicular to the inner
side surface of the first recessed portion 108 in the second
inorganic insulating layer 109. As a result, it is possible to
suppress that the light 150B, emitted in the direction oblique
to the light-emitting surface of the first organic light-emit-
ting diode 6A, is reflected at an interface between the second
refractive index layer 120 provided inside the first recessed
portion 108 in the second inorganic insulating layer 109 and
the second inorganic insulating layer 109.

[0069] Further, the light 150B, emitted in the direction
oblique to the light-emitting surface of the first organic
light-emitting diode 6A, is refracted at the inner side surface
of the first recessed portion 108 and thus can be incident at
an angle close to perpendicular to an interface between the
second refractive index layer 120 and the counter substrate
122. Asa result, it is possible to suppress that the light 150B
1s reflected at the interface between the second refractive
index layer 120 and the counter substrate 122. Accordingly,
it is possible to increase a light amount emitted in the front
direction and improve the light utilization efficiency.
[0070] It is desirable that the first recessed portion 108 has
a configuration including a curved inner side surface. FIG.
4 is an enlarged cross-sectional view of the first recessed
portion 108 illustrated in FIG. 3. As illustrated in FIG. 4, the
first recessed portion 108 has a shape curved toward an
opening side of the first recessed portion 108 as an inner side
surface 108A. With such configuration, it is possible to
refract each ray of light 150B incident at various angles at
the interface between the second inorganic insulating layer
109 and the second refractive index layer 120, and to emit
each ray of light 150B toward the opening side of the first
recessed portion 108.

[0071] As described above, since the shape of the second
inorganic insulating layer 109 conforms to the upper surface
shape of the filling layer 114, the shape of the first recessed
portion 108 depends on the shape of the second recessed
portion 114A provided in the filling layer 114. Therefore, in
the present embodiment, the shape of the second recessed
portion 114A also has a shape having the inner side surface
108A curved toward the opening side of the second recessed
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portion 114A such that the first recessed portion 108 has the
shape having the inner side surface curved toward the
opening side of the first recessed portion 108.

[0072] Inthe present example illustrated in FIGS. 3 and 4,
the first recessed portion 108 has a bottom portion 108C.
However, the first recessed portion 108 may not have a
bottom portion 108C as illustrated in FIG. 5 indicating
another shape example of the first recessed portion 108. In
the example illustrated in FIG. 5, the first recessedportion
108 illustrated in FIG. 3 is configured only by the inner side
surface 108A curved toward the opening side of the first
recessed portion 108.

[0073] Inthe present example, a first refractive index layer
106 includes the first inorganic insulating layer 107 and the
second inorganic insulating layer 109. However, the first
refractive index layer 106 may not be a two-layer structure
and be configured as one layer of the first refractive index
layer 106, and the first recessed portion 108 may be provided
on the upper surface side of the first refractive index layer
106. In addition, the first refractive index layer 106 may be
configured of a plurality of layers having three or more
layers, and the first recessed portion 108 may be provided on
the upper surface of any one layer of the plurality of first
refractive index layers 106.

[0074] Next, a disposition relationship between a light-
emitting region 16 and the first recessed portion 108 will be
described. Since the first recessed portion 108 can be dis-
posed according to the formation region of the bank 112, it
is possible to form the first recessed portion 108 in a
substantially lattice shape surrounding the periphery of a
first light-emitting region 16A, for example, as illustrated in
FIG. 6 which is a schematic plan view indicating the
disposition relationship between the light-emitting region 16
and the first recessed portion 108.

[0075] The first recessed portion 108 is disposed between
the first light-emitting region 16A and a second light-
emitting region 16B, and improves the extraction efficiency
of the light 150A and the light 150B emitted from the first
light-emitting region 16A and light emitted from the second
light-emitting region 16B.

[0076] As illustrated in FIG. 6, the first recessed portion
108 is disposed not only between the first light-emitting
region 16A and the second light-emitting region 16B but
also between a plurality of adjacent light-emitting regions 16
in the row direction and the column direction. The first
recessed portion 108 is disposed, for example, between the
first light-emitting region 16A and a third light-emitting
region 16C adjacent in the row direction, and also between
the third light-emitting region 16C and a fourth light-
emitting region 16D. Therefore, the first recessed portion
108 is formed in the substantially lattice shape surrounding
the periphery of the first light-emitting region 16A.

[0077] With such configuration, it is possible to obtain the
effect of improving the light extraction efficiency described
above and to control mixing of light from a pixel in a
light-emitting state to a pixel in a non-light-emitting state by
controlling an optical path. For example, light emitted in an
oblique direction from a light-emitting element is scattered
by repeated reflection at an interface having different refrac-
tive indices, and thus it is possible to prevent the light from
being emitted from another pixel in the non-light-emitting
state. In a structure in which a color filter is disposed, it is
possible to suppress the mixing of a plurality of light-
emitting colors. For example, in the example illustrated in
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FIG. 6, it is assumed that the light-emitting color of the first
organic light-emitting diode 6A is red, and the light-emitting
color of the second organic light-emitting diode 6B is blue.
In a case where the light 150B emitted from the first organic
light-emitting diode 6A in the oblique direction passes
through a bank 112 disposition region and is emitted outside
the counter substrate 122 in a second organic light-emitting
diode 6B disposition region, there is a possibility that the
blue light emitted from the second organic light-emitting
diode 6B and the red light 150B emitted from the first
organic light-emitting diode 6A in the oblique direction are
mixed. However, since it is possible to suppress that the light
150B, emitted from the first organic light-emitting diode 6 A
in the oblique direction, enters the second organic light-
emitting diode 6B disposition region due to existence of the
first recessed portion 108, it is possible to suppress the
mixing of the light-emitting colors. Similarly, since it is
possible to suppress that the red light 150B from the first
organic light-emitting diode 6A enters a third organic light-
emitting diode 6C disposition region that emits green light
and a fourth organic light-emitting diode 6D disposition
region that emits blue light, it is possible to suppress
occurrence of the mixing of the light-emitting colors.

[0078] In the example illustrated in FIG. 6, the example in
which the light-emitting color of the first light-emitting
region 16A is red, the light-emitting color of the second
light-emitting region 16B is blue, the light-emitting color of
the third light-emitting region 16C is green, and the light-
emitting color of the fourth light-emitting region 16D is blue
is indicated. However, the light-emitting colors of the first
light-emitting region 16A, the second light-emitting region
16B, the third light-emitting region 16C, and the fourth
light-emitting region 16D are not limited to the above colors.

[0079] As illustrated in FIG. 7, the first light-emitting
region 16A where the light-emitting color is red, the third
light-emitting region 16C where the light-emitting color is
green, and the fourth light-emitting region 16D where the
light-emitting color is blue may be set as one set, and the first
recessed portion 108 may be formed in a region having a
lattice shape surrounding the periphery of the three light-
emitting regions 16 that can configure the three primary
colors of light. A formation region of the first recessed
portion 108 illustrated in FIG. 7 has a substantially lattice
shape in which a length of the long side is less than 1.05
times a length of the short side and has a shape close to a
square shape. Therefore, since the extraction efficiency of
light in the longitudinal direction and the extraction effi-
ciency of light in the lateral direction can be made substan-
tially equal to each other, it is possible to improve visual
characteristics.

[0080] The example in which the first recessed portion 108
is formed in the region of the substantially rectangular shape
so as to surround the periphery of the plurality of light-
emitting regions 16 that can configure the three primary
colors of light is not limited to the example in which the first
light-emitting region 16A, the third light-emitting region
16C, and the fourth light-emitting region 16D having sub-
stantially the same rectangular shape are disposed side by
side in the lateral direction as illustrated in FIG. 7. For
example, as illustrated in FIG. 8, the first light-emitting
region 16A and the third light-emitting region 16C having
the substantially rectangular shape may be disposed in the
longitudinal direction, and the fourth light-emitting region
16D larger than the first light-emitting region 16A and the
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third light-emitting region 16C may be disposed in the
lateral direction of the first light-emitting region 16A and the
third light-emitting region 16C.

[0081] As illustrated in FIG. 9, the first light-emitting
region 16A where the light-emitting color is red may be
disposed near one corner of the formation region of the first
recessed portion 108 having the substantially rectangular
shape, the third light-emitting region 16C where the light-
emitting color is green may be disposed near a diagonal
corner of the first light-emitting region 16A, and the fourth
light-emitting region 16D and a fifth light-emitting region
16E where the light-emitting color is blue may be disposed
near the remaining two corners.

[0082] The disposition relationships of the light-emitting
colors illustrated in FIGS. 7, 8, and 9 are not limited to the
above examples and may be any combination as long as a
combination of the light-emitting region 16 configuring the
plurality of light-emitting colors is established in the region
of the substantially rectangular shape surrounded by the first
recessed portion 108.

[0083] As illustrated in FIG. 10, it is possible to ensure the
number of light-emitting regions 16 disposed in a limited
area by disposing a lot of light-emitting regions 16 config-
uring the plurality of light-emitting colors in the formation
region of the first recessed portion 108 having the substan-
tially rectangular shape. It is possible to improve the light
extraction efliciency having a certain level or more also in
the configuration illustrated in FIG. 10. When the shape of
the formation region of the first recessed portion 108 has a
substantially rectangular shape in which a length of the long
side s less than 1.05 times a length of the short side and has
a shape close to the square shape, since the extraction
efficiency of light in the longitudinal direction and the
extraction efficiency of light in the lateral direction can be
made substantially equal to each other, it is possible to
improve the visual characteristics also in the configuration
illustrated in FIG. 10.

[0084] As illustrated in FIG. 11, it is possible to impart
azimuth angle dependency to the visual characteristics by
forming the shape of the formation region of the first
recessed portion 108 into a substantially rectangular shape in
which a length of the long side is two times or more a length
of the short side, and by intentionally making the extraction
efficiency of light in the longitudinal direction and the
extraction efliciency of light in the lateral direction different
from each other. Regarding the effect of imparting the
azimuth angle dependency to the visual characteristics, it is
possible to obtain the same effect also in the configuration in
which the first recessed portion 108 surrounds each light-
emitting region 16 having the substantially rectangular
shape as lustrated in FIG. 6.

[0085] As illustrated in FIGS. 15 and 16, a first touchpanel
electrode 134A and a second touch panel electrode 134B
may be provided between the counter substrate 122 and the
second inorganic insulating layer 109. Hereinafter, more
specific configuration will be described.

[0086] First, a jumper 136 is formed on the upper surface
of the second inorganic insulating layer 109 before the
formation of the counter substrate 122. The jumper 136
connects the first touch panel electrode 134 A and the second
touch panel electrode 134B. In the present example, the first
recessed portion 108 is not provided in a formation region of
the jumper 136 in order to ensure a function of the jumper
136.
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[0087] After the formation of the jumper 136, an inorganic
insulating layer 130 is formed on the upper surface of the
second inorganic insulating layer 109 and the upper surface
of the jumper 136. The inorganic insulating layer 130 is
deposited by the CVD method or the like using a material
such as silicon nitride (SiN,) , silicon oxide (SiO,), or the
like.

[0088] Since the inorganic insulating layer 130 is formed
entirely on the upper surface of the second inorganic insu-
lating layer 109 by the CVD method or the like, a shape of
the inorganic insulating layer 130 is a shape conforming to
the upper surface of the second inorganic insulating layer
109. As described above, the second inorganic insulating
layer 109 has a recessed portion that inherits the shape of the
second recessed portion 114A in which the filling layer 114
has on the upper surface thereof. Therefore, the inorganic
insulating layer 130 that inherits an upper surface shape of
the second inorganic insulating layer 109 also has the
recessed portion that inherits the shape of the second
recessed portion 114A provided on the upper surface of the
filling layer 114.

[0089] On the upper surface of the jumper 136, the inor-
ganic insulating layer 130 is not formed entirely and formed
separately into the inorganic insulating layer 130A in a
formation region of the first touch panel electrode 134A and
the inorganic insulating layer 130B in a formation region of
the second touch panel electrode 134B, and the inorganic
insulating layer 130C is formed between the inorganic
insulating layer 130A and the inorganic insulating layer
130B. That is, on the upper surface of the jumper 136, the
inorganic insulating layer 130A, the inorganic insulating
layer 130B, and the inorganic insulating layer 130C are
formed separately at three places.

[0090] After the formation of the inorganic insulating
layer 130, the first touch panel electrode 134A and the
second touch panel electrode 134B are formed. The first
touch panel electrode 134A is formed on the upper surface
of the inorganic insulating layer 130, and a shape of the first
touch panel electrode 134A is a shape conforming to the
upper surface of the inorganic insulating layer 130. As
described above, the inorganic insulating layer 130 has the
recessed portion that inherits the shape of the second
recessed portion 114A in which the filling layer 114 has on
the upper surface thereof. Therefore, the first touch panel
electrode 134A that inherits an upper surface shape of the
inorganic insulating layer 130 also has the recessed portion
that inherits the shape of the second recessed portion 114A
in which the filling layer 114 has on the upper surface
thereof, and the recessed portion is the first recessed portion
108. That is, in the present example, the first inorganic
insulating layer 107, the second inorganic insulating layer
109, the inorganic insulating layer 130, and the first touch
panel electrode 134A are set as the first refractive index layer
106.

[0091] In the formation region of the jumper 136, the first
touch panel electrode 134A is provided even between the
inorganic insulating layer 130A and the inorganic insulating
layer 130C, and is connected to the jumper 136 exposed
from between the inorganic insulating layer 130A and the
inorganic insulating layer 130C. The second touch panel
electrode 134B is provided even between the inorganic
insulating layer 130B and the inorganic insulating layer
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130C, and is connected to the jumper 136 exposed from
between the inorganic insulating layer 130B and the inot-
ganic insulating layer 130C.

[0092] The counter substrate 122 described above is pro-
vided on the upper surface of the inorganic insulating layer
130, and the second refractive index layer 120 made of the
air, nitrogen gas, the same material as the filling layer 114,
or the like as described above is provided between the
counter substrate 122 and the first recessed portion 108. This
configuration plays a role in improving the extraction effi-
ciency of the light 150B emitted from the first organic
light-emitting diode 6A.

[0093] In the present example illustrated in FIG. 15, the
first inorganic insulating layer 107, the second inorganic
insulating layer 109, the inorganic insulating layer 130, and
a touch panel electrode 134 are set as the first refractive
index layer 106. However, in a case where the inorganic
insulating layer 130 or the touch panel electrode 134 has a
refractive index lower than a refractive index of the first
inorganic insulating layer 107 or a refractive index of the
second inorganic insulating layer 109, the inorganic insu-
lating layer 130 or the touch panel electrode 134 may be set
as the second refractive index layer 120, and a recessed
portion formed in the second inorganic insulating layer 109
may be defined as the first recessed portion 108.

[0094] Alternatively, in a case where an intermediate layer
having a refractive index lower than the refractive index of
the first inorganic insulating layer 107 or the refractive index
of the second inorganic insulating layer 109 is interposed
between the first inorganic insulating layer 107, the second
inorganic insulating layer 109, the inorganic insulating layer
130, and the touch panel electrode 134, the intermediate
layer may be set as the second refractive index layer 120,
and a recessed portion provided any one of the first inorganic
insulating layer 107, the second inorganic insulating layer
109, the inorganic insulating layer 130, and the touch panel
electrode 134 as the first refractive index layer 106 formed
on a lower surface side of the second refractive index layer
120 may be defined as the first recessed portion 108.

EXAMPLE 2

[0095] Hereinafter, example 2 in the present embodiment
will be described using F1G. 12. The same reference numeral
will be assigned to a configuration common to example 1,
and a description thereof will be omitted. FIG. 12 is a
schematic vertical cross-sectional view of the display panel
40 at the position along line 1TI-11I illustrated in FIG. 2.
[0096] In the present example, since a configuration of the
underlying structure layer 118 is the same as that in example
1, a description thereof will be omitted.

[0097] The first organic light-emitting diode 6A and the
second organic light-emitting diode 6B are formed on the
underlying structure layer 118. The first organic light-emit-
ting diode 6A has the lower electrode 100A, the organic
layer 102A, and the upper electrode 104A, and the lower
electrode 100A, the organic layer 102A, and the upper
electrode 104A are stacked in order from the insulating base
material 70 side. In the present embodiment, the lower
electrode 100Ais the anode of'the first organic light-emitting
diode 6A, and the upper electrode 104A is the cathode
thereof. The organic layer 102A is configured to have the
hole transport layer, the light-emitting layer, the electron
transport layer, and the like. Similarly, the second organic
light-emitting diode 6B has the lower electrode 100B, the
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organic layer 102B, and the upper electrode 104B, and the
lower electrode 100B, the organic layer 102B, and the upper
electrode 104B are stacked in order from the insulating base
material 70 side. In the present embodiment, the lower
electrode 100B is the anode of the second organic light-
emitting diode 65, and the upper electrode 104B is the
cathode thereof. The organic layer 102B is configured to
have the hole transport layer, the light-emitting layer, the
electron transport layer, and the like.

[0098] After the formation of the lower electrode 100A
and the lower electrode 100B, the bank 112 which is the
insulating layer covering the endportion of the lower elec-
trode 100A is formed. In the present example, the resin such
as polymide and photosensitive acrylic is used as the mate-
rial of the bank 112. The lower electrode 100A and the lower
electrode 100B are exposed in the effective region of the
pixel surrounded by the bank 112.

[0099] Inthe present example, as illustrated in F1G. 12, for
example, dry etching or wet etching can be selected as a
method of forming the third recessed portion 112A for
providing the third recessed portion 112A on the upper
surface of the bank 112. Here, a shape of the third recessed
portion 112A is formed such that an inner side surface of
third recessed portion 112A has a shape curved toward an
opening side of the third recessed portion 112A.

[0100] After the formation of the bank 112, each layer
configuring the organic layer 102A is stacked in order on the
lower electrode 100A. Similarly, each layer configuring the
organic layer 102B is stacked in order on the lower electrode
100B. Each of the organic layers 102A and 102B is formed
by vapor deposition and formed also on a part of the upper
surface of the bank 112. A portion configuring a part of the
first organic light-emitting diode 6A in a formation region of
the lower electrode 100A is set as the organic layer 102A,
and a portion configuring a part of the second organic
light-emitting diode 6B in a formation region of the lower
electrode 100B is set as the organic layer 102B. The organic
layers 102A and 102B may be stacked by coating formation
after solvent dispersion.

[0101] Here, the organic layers 102A and 102B are formed
on a part of the upper surface of the bank 112 by sputtering
or vapor deposition.

[0102] In the present example illustrated in FIG. 12, the
organic layers 102A and 102B are formed on the part of the
upper surface of the bank 112, but the organic layers 102A
and 102B may not be formed on the upper surface of the
bank 112.

[0103] Then, the upper electrode 104A is formed on the
organic layer 102A and the upper electrode 104B is formed
on the organic layer 102B by vapor deposition. In a case of
the top emission structure, the upper electrodes 104A and
104B are formed using a transparent electrode material.
There are ITO, [Z0, and the like as the transparent electrode
material. In the present example, the upper electrodes 104 A
and 104B are formed on the upper surface of the organic
layer 102A, the organic layer 102B, and the bank 112. That
is, the upper electrodes 104A and 104B are formed continu-
ously over substantially the entire surface of the display
region 42. In FIG. 12, a portion configuring a part of the first
organic light-emitting diode 6A in the formation region of
the lower electrode 100A is set as the upper electrode 104A,
and a portion configuring a part of the second organic
light-emitting diode 6B in the formation region of the lower
electrode 100B is set as the upper electrode 104B.
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[0104] Here, since the upper electrodes 104A and 104B
are formed on the upper surface of the organic layer 1024,
the organic layer 102B, and the bank 112 by vapor deposi-
tion, shapes of the upper electrodes 104A and 104B are
shapes conforming to the upper surface of the organic layer
102A, the organic layer 102B, and the bank 112. Therefore,
the upper electrodes 104A and 104B have recessed portions
that inherit the shape of the third recessed portion 112A
provided on the upper surface of the bank 112.

[0105] The first inorganic insulating layer 107 is formed
on the upper surface of the upper electrodes 104A and 104B.
The first inorganic insulating layer 107 is the inorganic
insulating layer and formed by depositing, for example,
silicon nitride, silicon oxide, silicon oxynitride, or the like
by the CVD method. As illustrated in FIG. 12, the first
inorganic insulating layer 107 is provided from the upper
surface of the first organic light-emitting diode 6A and the
second organic light-emitting diode 6B to the upper surface
of the bank 112. That is, the first inorganic insulating layer
107 is formed continuously over substantially the entire
surface of the display region 42.

[0106] Here, since the first inorganic insulating layer 107
is formed on the upper surface of the upper electrodes 104A
and 104B by the CVD method, a shape of the first inorganic
insulating layer 107 has a shape conforming to the upper
surface of the upper electrodes 104A and 104B. As described
above, the upper electrodes 104A and 104B have the
recessed portions that inherit the shape of the third recessed
portion 112A in which the bank 112 has on the upper surface
thereof. Therefore, the first inorganic insulating layer 107
that inherits an upper surface shape of the upper electrodes
104A and 104B also has the recessed portion that inherits the
shape of the third recessed portion 112A provided on the
upper surface of the bank 112.

[0107] After the formation of the first inorganic insulating
layer 107, the filling layer 114 is stacked on the upper
surface of the first inorganic insulating layer 107. The filling
layer 114 is formed by a method such as printing or coating
using, for example, the organic material such as acrylic resin
Or epoxy resin.

[0108] Here, in the present example, the filling layer 114
is formed in a light-emitting region of the first organic
light-emitting diode 6A and in a light-emitting region of the
second organic light-emitting diode 6B, and is not formed in
the formation region of the bank 112. Therefore, the upper
surface of the first inorganic insulating layer 107 is exposed
from the filling layer 114 in the formation region of the bank
112. Accordingly, the recessed portion of the first inorganic
insulating layer 107 that inherits the shape of the third
recessed portion 112A described above is in an exposed
state.

[0109] After the formation of the filling layer 114, the
second inorganic insulating layer 109 is formed. Similarly to
the first inorganic insulating layer 107, the second inorganic
insulating layer 109 is the inorganic insulating layer and
formed by depositing, for example, silicon nitride, silicon
oxide, silicon oxynitride, or the like by the CVD method.
The second inorganic insulating layer 109 is formed on the
upper surface of the filling layer 114 and the upper surface
of the first inorganic insulating layer 107 exposed from the
filling layer 114.

[0110] Here, since the second inorganic insulating layer
109 is formed on the upper surface of the first inorganic
insulating layer 107 exposed from the filling layer 114 by the
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CVD method, a shape of the second inorganic insulating
layer 109 has a shape conforming to the upper surface of the
first inorganic insulating layer 107. As described above, the
first inorganic insulating layer 107 has the recessed portion
that inherits the shape of the third recessed portion 112A in
which the bank 112 has on the upper surface thereof.
Therefore, the second inorganic insulating layer 109 that
inherits an upper surface shape of the first inorganic insu-
lating layer 107 also has the first recessed portion 108 that
inherits the shape of the third recessed portion 112A pro-
vided on the upper surface of the bank 112.

[0111] As illustrated in FIG. 12, the second refractive
index layer 120 is provided inside the first recessed portion
108. The second refractive index layer 120 may be made of
any material as long as the material has a refractive index
lower than a refractive index of a material used for the first
inorganic insulating layer 107 and the second inorganic
insulating layer 109, and is made of, for example, the air,
nitrogen gas, acrylic resin, or the like. In a case where the
material used for the filling layer 114 is the acrylic resin, the
second refractive index layer 120 may be made of the same
material as the filling layer 114. In the present example, the
counter substrate 122 is mounted on the upper surface of the
second inorganic insulating layer 109 in a state where the air
is filled inside the first recessed portion 108. Accordingly,
since the air is confined between the first recessed portion
108 and the counter substrate 122, and the air is the material
configuring the second refractive index layer 120. In a case
where the display panel 40 is manufactured in a nitrogen
atmosphere, the second refractive index layer 120 may be
made of the nitrogen gas. In addition, the second refractive
index layer 120 can be formed inside the first recessed
portion 108 using the same material as the filling layer 114.
[0112] According to such configuration, it is possible to
improve the extraction efficiency of light output from the
organic layer 102A of the first organic light-emitting diode
6A. A reason for this will be described below.

[0113] As illustrated in FIG. 12, light 150A, of the light
emitted from the organic layer 102A of the first organic
light-emitting diode 6 A, emitted in a direction perpendicular
to alight-emitting surface of the first organic light-emitting
diode 6A, that is, perpendicular to a stacking surface of each
constituent layer in the first organic light-emitting diode 6 A
passes through the first inorganic insulating layer 107, the
filling layer 114, and the second inorganic insulating layer
109, and is emitted from the upper surface of the counter
substrate 122.

[0114] However, as illustrated in FIG. 12, light 150B, of
the light emitted from the organic layer 102A of the first
organic light-emitting diode 6A, emitted in a direction
oblique to the light-emitting surface of the first organic
light-emitting diode 6A is reflected at an interface between
the first inorganic insulating layer 107 and the filling layer
114, further reflected at the lower electrode 100A, and is
incident on the first inorganic insulating layer 107 and the
second inorganic insulating layer 109 provided on the upper
surface of the bank 112.

[0115] The light 150B, emitted in the direction oblique to
the light-emitting surface of the first organic light-emitting
diode 6A, has an inclination also to the upper surface of the
second inorganic insulating layer 109. Therefore, the light
150B may be originally reflected at an interface between the
counter substrate 122 formed on the upper surface of the
second inorganic insulating layer 109 and the second inor-
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ganic insulating layer 109. However, in the present example,
the first recessed portion 108 is formed on the upper surface
of the second inorganic insulating layer 109, and an incli-
nation of an inner side surface of the first recessed portion
108 plays a role in reducing the inclination of the upper
surface of the second inorganic insulating layer 109 with
respect to an incident direction of the light 150B. That is, the
light 150B, emitted in the direction oblique to the light-
emitting surface of the first organic light-emitting diode 6A,
can be incident at an angle close to perpendicular to the inner
side surface of the first recessed portion 108 in the second
inorganic insulating layer 109. As a result, it is possible to
suppress that the light 150B, emitted in the direction oblique
to the light-emitting surface of the first organic light-emit-
ting diode 6A, is reflected at an interface between the second
inorganic insulating layer 109 and the second refractive
index layer 120.

[0116] Further, the light 150B, emitted in the direction
oblique to the light-emitting surface of the first organic
light-emitting diode 6A, is refracted at the inner side surface
of the first recessed portion 108 and thus can be incident at
an angle close to perpendicular to an interface between the
second refractive index layer 120 and the counter substrate
122. As aresult, it is possible to suppress that the light 150B
is reflected at the interface between the second refractive
index layer 120 and the counter substrate 122. Accordingly,
it is possible to increase a light amount emitted in the front
direction and improve the light utilization efficiency.

[0117] As described also in example 1, the first recessed
portion 108 has the inner side surface curved toward an
opening side of the first recessed portion 108. With such
configuration, it is possible to refract each ray of light 150B
incident at various angles at the interface between the
second inorganic insulating layer 109 and the second refrac-
tive index layer 120, and to emit each ray of light 150B
toward the opening side of the first recessed portion 108.

[0118] As described above, since the shape of the second
inorganic insulating layer 109 conforms to an upper surface
shape of the bank 112, the shape of the first recessed portion
108 depends on the shape of the third recessed portion 112A
provided on the bank 112.

[0119] In the present example, a first refractive index layer
106 includes the first inorganic insulating layer 107 and the
second inorganic insulating layer 109. However, the first
refractive index layer 106 may be configured as one layer of
the first refractive index layer 106, and the first recessed
portion 108 may be provided on the upper surface side of the
first refractive index layer 106. In the present example, in a
case where the first refractive index layer 106 is configured
only of the first inorganic insulating layer 107 provided on
the upper surface of the upper electrodes 104A and 104B,
that is, the first refractive index layer 106 does not include
the second inorganic insulating layer 109, the recessed
portion of the first inorganic insulating layer 107 may be set
as the first recessed portion 108 that inherits the shape of the
third recessed portion 112A, and the second refractive index
layer 120 may be provided inside the first recessed portion
108.

[0120] The first refractive index layer 106 may be config-
ured as a plurality of first refractive index layers 106 having
three or more layers, and the first recessed portion 108 may
be provided on the upper surface of any one layer of the
plurality of first refractive index layers 106.
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[0121] Since the configuration in which the first touch
panel electrode 134A and the second touch panel electrode
134B are provided between the counter substrate 122 and
the second inorganic insulating layer 109 is the same as
example 1, a description thereof will be omitted. The point
that the first recessed portion 108 is not provided in the
formation region of the jumper 136 is also the same as
example 1, a description thereof will be omitted.

EXAMPLE 3

[0122] Hereinafter, example 3 in the present embodiment
will be described using FIG. 13. The same reference numeral
will be assigned to a configuration common to example 1 or
example 2, and a description thereof will be omitted. FIG. 13
is a schematic vertical cross-sectional view of the display
panel 40 at the position along the line III-1II illustrated in
FIG. 2.

[0123] In the present example, since a configuration of the
underlying structure layer 118 is the same as that in
examples 1 and 2, a description thereof will be omitted.
[0124] The first organic light-emitting diode 6A and the
second organic light-emitting diode 6B are formed on the
underlying structure layer 118. The first organic light-emit-
ting diode 6A has the lower electrode 100A, the organic
layer 102A, and the upper electrode 104A, and the lower
electrode 100A, the organic layer 102A, and the upper
electrode 104A are stacked in order from the insulating base
material 70 side. In the present embodiment, the lower
electrode 100A is the anode of the first organic light-emitting
diode 6A, and the upper electrode 104A is the cathode
thereof. The organic layer 102A is configured to have the
hole transport layer, the light-emitting layer, the electron
transport layer, and the like. Similarly, the second organic
light-emitting diode 6B has the lower electrode 1008, the
organic layer 102B, and the upper electrode 104B, and the
lower electrode 100B, the organic layer 102B, and the upper
electrode 104B are stacked in order from the insulating base
material 70 side. In the present embodiment, the lower
electrode 100B is the anode of the second organic light-
emitting diode 6B, and the upper electrode 104B is the
cathode thereof. The organic layer 102B is configured to
have the hole transport layer, the light-emitting layer, the
electron transport layer, and the like.

[0125] After the formation of the lower electrode 100A
and the lower electrode 100B, the bank 112 which is the
insulating layer covering the end portion of the lower
electrode 100A is formed. The photosensitive acrylic or the
like is used as the material of the bank 112. The bank 112
may be formedusing the resin such as polyimide. An open-
ing region surrounded by the bank 112 is an effective region
(light-emitting region) of the organic light-emitting diode in
a pixel. The lower electrode 100A and the lower electrode
100B are exposed in the effective region of the pixel.
[0126] Inthe present example, as illustrated in FI1G. 13, for
example, dry etching or wet etching can be selected as a
method of forming the third recessed portion 112A for
providing the third recessed portion 112A on the upper
surface of the bank 112. Here, a shape of the third recessed
portion 112A is formed such that an inner side surface of
third recessed portion 112A has a shape curved toward an
opening side of the third recessed portion 112A.

[0127] After the formation of the bank 112, each layer
configuring the organic layer 102A is stacked in order on the
lower electrode 100A. Similarly, each layer configuring the
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organic layer 102B is stacked in order on the lower electrode
100B. Each of the organic layers 102A and 102B is formed
by vapor deposition and formed also on apart of the upper
surface of the barnk 112. A portion configuring apart of the
first organic light-emitting diode 6A in a formation region of
the lower electrode 100A is set as the organic layer 102A,
and a portion configuring a part of the second organic
light-emitting diode 6B in a formation region of the lower
electrode 100B is set as the organic layer 102B. The organic
layers 102A and 102B may be stacked by coating formation
after solvent dispersion.

[0128] Here, the organic layers 102A and 102B are formed
on a part of the upper surface of the bank 112 by sputtering
or vapor deposition.

[0129] In the present example illustrated in FIG. 13, the
organic layers 102A and 102B are formed on the part of the
upper surface of the bank 112, but the organic layers 102A
and 102B may not be formed on the upper surface of the
bank 112.

[0130] Then, the upper electrode 104A is formed on the
organic layer 102A and the upper electrode 104B is formed
on the organic layer 102B by vapor deposition. In a case of
the top emission structure, the upper electrodes 104A and
104B are formed using a transparent electrode material.
There are ITO, IZ0, and the like as the transparent electrode
material. In the present example, the upper electrodes 104A
and 104B are formed on the upper surface of the organic
layer 102A, the organic layer 102B, and the bank 112. That
1s, the upper electrodes 104A and 104B are formed continu-
ously over substantially the entire surface of the display
region 42. In FIG. 13, a portion configuring a part of the first
organic light-emitting diode 6A in the formation region of
the lower electrode 100A is set as the upper electrode 104A,
and a portion configuring a part of the second organic
light-emitting diode 6B in the formation region of the lower
electrode 100B is set as the upper electrode 104B.

[0131] Here, since the upper electrodes 104A and 104B
are formed on the upper surface of the organic layer 1024,
the organic layer 102B, and the bank 112 by vapor deposi-
tion, shapes of the upper electrodes 104A and 104B are
shapes conforming to the upper surface of the organic layer
102A, the organic layer 102B, and the bank 112. Therefore,
the upper electrodes 104A and 104B have recessed portions
that inherit the shape of the third recessed portion 112A
provided on the upper surface of the bank 112.

[0132] The first inorganic insulating layer 107 is formed
on the upper surface of the upper electrodes 104A and 104B.
The first inorganic insulating layer 107 is the inorganic
insulating layer and formed by depositing, for example,
silicon nitride, silicon oxide, silicon oxynitride, or the like
by the CVD method. In the present example, the first
inorganic insulating layer 107 is formed in formation
regions of the first organic light-emitting diode 6A and the
second organic light-emitting diode 6B, and a formation
region of the bank 112. That is, the first inorganic insulating
layer 107 is formed continuously over substantially the
entire surface of the display region 42.

[0133] Here, since the first inorganic insulating layer 107
is formed on the upper surface of the upper electrodes 104A
and 104B by the CVD method, a shape of the first inorganic
insulating layer 107 has a shape conforming to the upper
surface of the upper electrodes 104A and 104B. As described
above, the upper electrodes 104A and 104B have the
recessed portions that inherit the shape of the third recessed
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portion 112A in which the bank 112 has on the upper surface
thereof. Therefore, the first inorganic insulating layer 107
that inherits an upper surface shape of the upper electrodes
104A and 104B also has the recessed portion that inherits the
shape of the third recessed portion 112A provided on the
upper surface of the bank 112. In the present example, the
recessed portion formed on the upper surface of the first
inorganic insulating layer 107 is the first recessed portion
108.

[0134] After the formation of the first inorganic insulating
layer 107, the filling layer 114 is stacked on the upper
surface of the first inorganic insulating layer 107. The filling
layer 114 is formed by a method such as printing or coating
using, for example, the organic material such as acrylic resin
Or epoxy resin.

[0135] Here, in the present example, the filling layer 114
is formed in a light-emitting region of the first organic
light-emitting diode 6A, in a light-emitting region of the
second organic light-emitting diode 6B, and in the formation
region of the bank 112. Therefore, the filling layer 114 is
formed also inside the first recessed portion 108 provided on
the upper surface of the first inorganic insulating layer 107.
The filling layer 114 formed inside the first recessed portion
108 functions as the second refractive index layer 120. That
is, as described above, since the filling layer 114 is made of
a material, such as acrylic resin or epoxy resin, having a
refractive index lower than that of silicon nitride, silicon
oxide, or silicon oxynitride which is a material configuring
the first inorganic insulating layer 107, the filling layer 114
functions as the second refractive index layer 120 in the
present example.

[0136] According to such configuration, it is possible to
improve the extraction efficiency of light output from the
organic layer 102A of the first organic light-emitting diode
6A. A reason for this will be described below.

[0137] First, as illustrated in FIG. 13, light 150A, of the
light emitted from the organic layer 102A of the first organic
light-emitting diode 6 A, emitted in a direction perpendicular
to a light-emitting surface of the first organic light-emitting
diode 6A, that is, perpendicular to a stacking surface of each
constituent layer in the first organic light-emitting diode 6 A
passes through the first inorganic insulating layer 107, the
filling layer 114, and the second inorganic insulating layer
109, and is emitted from the upper surface of the counter
substrate 122.

[0138] However, as illustrated in FIG. 13, light 150B, of
the light emitted from the organic layer 102A of the first
organic light-emitting diode 6A, emitted in a direction
oblique to the light-emitting surface of the first organic
light-emitting diode 6A is reflected at an interface between
the first inorganic insulating layer 107 and the filling layer
114, further reflected at the lower electrode 100A, and is
incident on the first inorganic insulating layer 107 provided
above the bank 112.

[0139] The light 150B, emitted in the direction oblique to
the light-emitting surface of the first organic light-emitting
diode 6A, has an inclination also to the upper surface of the
first inorganic insulating layer 107. Therefore, the light 150B
may be originally reflected at an interface between the
counter substrate 122 formed on the upper surface of the first
inorganic insulating layer 107 and the first inorganic insu-
lating layer 107. However, in the present example, the first
recessed portion 108 is formed on the upper surface of the
first inorganic insulating layer 107, and an inclination of an
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inner side surface of the first recessed portion 108 plays a
role in reducing the inclination of the upper surface of the
first inorganic insulating layer 107 with respect to an inci-
dent direction of the light 150B. That is, the light 150B,
emitted in the direction oblique to the light-emitting surface
of the first organic light-emitting diode 6A, can be incident
at an angle close to perpendicular to the inner side surface
of the first recessed portion 108 in the first inorganic
insulating layer 107. As a result, it is possible to suppress
that the light 150B, emitted in the direction oblique to the
light-emitting surface of the first organic light-emitting
diode 6A, is reflected at an interface between the first
inorganic insulating layer 107 and the filling layer 114 that
functions as the second refractive index layer 120.

[0140] Further, the light 150B, emitted in the direction
oblique to the light-emitting surface of the first organic
light-emitting diode 6A, is refracted at the inner side surface
of the first recessed portion 108 and thus can be incident at
an angle close to perpendicular to the lower surface of the
second inorganic insulating layer 109 formed on the upper
surface of the filling layer 114 and the lower surface of the
counter substrate 122. As a result, it is possible to suppress
that the light 150B is reflected at the interface between the
second refractive index layer 120 and the counter substrate
122. Accordingly, it is possible to increase a light amount
emitted in the front direction and improve the light utiliza-
tion efficiency.

[0141] As described also in example 1, the first recessed
portion 108 has the inner side surface curved toward an
opening side of the first recessed portion 108. With such
configuration, it is possible to refract each ray of light 150B
incident at various angles at the interface between the first
inorganic insulating layer 107 and the second refractive
index layer 120, and to emit each ray of light 150B toward
the opening side of the first recessed portion 108.

[0142] As described above, since the shape of the first
inorganic insulating layer 107 conforms to an upper surface
shape of the bank 112, the shape of the first recessed portion
108 depends on the shape of the third recessed portion 112A
provided on the bank 112.

[0143] In the present example, as described above, it is
possible to obtain the effect of improving the light extraction
efficiency of the rays of light 150B emitted from the first
organic light-emitting diode 6A and the second organic
light-emitting diode 6B in the directions oblique to the
light-emitting surfaces of the first organic light-emitting
diode 6A and the second organic light-emitting diode 6B by
the first inorganic insulating layer 107 and the filling layer
114 that functions as the second refractive index layer 120
provided inside the first recessed portion 108 formed on the
upper surface of the first inorganic insulating layer 107.
Therefore, the second inorganic insulating layer 109 may not
be provided on the upper surface of the filling layer 114.
[0144] The first refractive index layer 106 may be config-
ured as a plurality of first refractive index layers 106 having
three or more layers, and the first recessed portion 108 may
be provided on the upper surface of any one layer of the
plurality of first refractive index layers 106.

[0145] Inthe present example, it is also possible to provide
the first touch panel electrode 134A and the second touch
panel electrode 134B between the counter substrate 122 and
the second inorganic insulating layer 109.

[0146] Further, in the present example, the first recessed
portion 108 is provided on the first inorganic insulating layer
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107, and it is unnecessary to provide the first recessed
portion 108 on the second inorganic insulating layer 109.
Therefore, in a case where the first touch panel electrode
134A and the second touch panel electrode 134B are pro-
vided above the filling layer 114, it is possible to select the
formation region of the first recessed portion 108 regardless
of the formation region of the jumper 136.

EXAMPLE 4

[0147] Hereinafter, example 4 in the present embodiment
will be described using FIG. 14. The same reference numeral
will be assigned to a configuration common to example 1,
example 2, or example 3 and a description thereof will be
omitted. FIG. 14 is a schematic vertical cross-sectional view
of the display panel 40 at the position along the line ITI-11I
illustrated in FIG. 2.

[0148] In the present example, since a configuration of the
underlying structure layer 118 is the same as that in
examples 1, 2, and 3, a description thereof will be omitted.
[0149] In the present example, since configurations of the
bank 112, the first organic light-emitting diode 6A, the
second organic light-emitting diode 6B, and the first inor-
ganic insulating layer 107 are the same as the configurations
in example 3, a description of the configurations will be
omitted. That is, in the present example, the configurations
common to example 3 are also employed in that a recessed
portion formed on the upper surface of the first inorganic
insulating layer 107 is the first recessed portion 108, and the
filling layer 114 formed inside the first recessed portion 108
functions as the second refractive index layer 120.

[0150] Here, in the present example, the second recessed
portion 114A is provided on the upper surface of the filling
layer 114 above the first recessed portion 108 in a formation
region of the bank 112. That is, the filling layer 114 that
functions as the second refractive index layer 120 is formed
inside the first recessed portion 108, and the second recessed
portion 114A is provided above the filling layer 114.

[0151] After the formation of the filling layer 114, the
second inorganic insulating layer 109 is formed. The second
inorganic insulating layer 109 is formed by depositing, for
example, silicon nitride, silicon oxide, silicon oxynitride, or
the like by the CVD method. The second inorganic insulat-
ing layer 109 is formed on the upper surface of the filling
layer 114. As illustrated in FIG. 14, the second inorganic
insulating layer 109 has a shape conforming to an upper
surface shape of the filling layer 114 and has a fourth
recessed portion 124 having a shape conforming to a shape
of the second recessed portion 114A provided on the upper
surface of the filling layer 114.

[0152] As illustrated in FIG. 14, the second refractive
index layer 120 is provided inside the fourth recessed
portion 124. That is, in the present example, the second
refractive index layer 120 is provided inside the first
recessed portion 108 provided on the upper surface of the
first inorganic insulating layer 107 and the inside of the
fourth recessed portion 124 provided on the upper surface of
the second inorganic insulating layer 109. The second
refractive index layer 120 is made of a material having a
refractive index lower than a refractive index of a material
used for the first inorganic insulating layer 107 and the
second inorganic insulating layer 109, and is made of, for
example, the air, nitrogen gas, or the same material as the
filling layer 114.
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[0153] 1In the present example, the counter substrate 122 is
mounted on the upper surface of the second inorganic
insulating layer 109 in a state where the air is filled inside the
first recessed portion 108. Accordingly, since the air is
confined between the first recessed portion 108 and the
counter substrate 122, and the air is the material configuring
the second refractive index layer 120. In a case where the
display panel 40 is manufactured in a nitrogen atmosphere,
the second refractive index layer 120 may be made of the
nitrogen gas. In addition, the second refractive index layer
120 can be formed inside the first recessed portion 108 using
the same material as the filling layer 114.

[0154] According to such configuration, it is possible to
improve the extraction efficiency of light output from the
organic layer 102A of the first organic light-emitting diode
6A. A reason for this will be described below.

[0155] First, as illustrated in FIG. 14, light 150A, of the
light emitted from the organic layer 102A of the first organic
light-emitting diode 6 A, emitted in a direction perpendicular
to a light-emitting surface of the first organic light-emitting
diode 6A, that is, perpendicular to a stacking surface of each
constituent layer in the first organic light-emitting diode 6A
passes through the first inorganic insulating layer 107, the
filling layer 114, and the second inorganic insulating layer
109, and is emitted from the upper surface of the counter
substrate 122.

[0156] However, as illustrated in FIG. 14, light 150B, of
the light emitted from the organic layer 102A of the first
organic light-emitting diode 6A, emitted in a direction
oblique to the light-emitting surface of the first organic
light-emitting diode 6A is reflected at an interface between
the first inorganic insulating layer 107 and the filling layer
114, further reflected at the lower electrode 100A, and is
incident on the first inorganic insulating layer 107 provided
above the bank 112.

[0157] The light 150B, emitted in the direction oblique to
the light-emitting surface of the first organic light-emitting
diode 6A, has an inclination also to the upper surface of the
first inorganic insulating layer 107. Therefore, the light 150B
may be originally reflected at an interface between the filling
layer 114 provided on the upper surface of the first inorganic
insulating layer 107 and the first inorganic insulating layer
107. However, in the present example, the first recessed
portion 108 is formed on the upper surface of the first
inorganic insulating layer 107, and an inclination of an inner
side surface of the first recessed portion 108 plays a role in
reducing the inclination of the upper surface of the first
inorganic insulating layer 107 with respect to an incident
direction of the light 150B. That is, the light 150B, emitted
in the direction oblique to the light-emitting surface of the
first organic light-emitting diode 6A, can be incident at an
angle close to perpendicular to the inner side surface of the
first recessed portion 108 in the first inorganic insulating
layer 107. As a result, it is possible to suppress that the light
150B, emitted in the direction oblique to the light-emitting
surface of the first organic light-emitting diode 6A, is
reflected at an interface between the first inorganic insulat-
ing layer 107 and the filling layer 114 that functions as the
second refractive index layer 120.

[0158] Further, the light 150B, emitted in the direction
oblique to the light-emitting surface of the first organic
light-emitting diode 6A, is refracted at the inner side surface
of the first recessed portion 108 and thus can be incident at
an angle close to perpendicular to the lower surface of the
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second inorganic insulating layer 109 formed on the upper
surface of the filling layer 114 and the lower surface of the
counter substrate 122. As a result, it is possible to suppress
that the light 150B is reflected at the interface between the
second refractive index layer 120 and the counter substrate
122. Accordingly, it is possible to increase a light amount
emitted in the front direction and improve the light utiliza-
tion efficiency.

[0159] As described also in example 1, the first recessed
portion 108 has the inner side surface curved toward an
opening side of the first recessed portion 108. With such
configuration, it is possible to refract each ray of light 150B
incident at various angles at the interface between the first
inorganic insulating layer 107 and the filling layer 114 as the
second refractive index layer 120, and to emit each ray of
light 150B toward the opening side of the first recessed
portion 108.

[0160] As described above, since the shape of the first
inorganic insulating layer 107 conforms to the upper surface
shape of the bank 112, the shape of the first recessed portion
108 depends on the shape of the third recessed portion 112A
provided on the bank 112.

[0161] Further, in the present example, it is possible to
improve the extraction efficiency of light 150C incident
obliquely to the second inorganic insulating layer 109 of
light emitted in the direction oblique to a light-emitting
surface of the first organic light-emitting diode 6A.

[0162] The light 150C, incident obliquely to the second
inorganic insulating layer 109, has an inclination also to the
upper surface of the second inorganic insulating layer 109.
Therefore, the light 150C is originally reflected at an inter-
face between the counter substrate 122 provided on the
upper surface of the second inorganic insulating layer 109
and the second inorganic insulating layer 109. However, in
the present example, the fourth recessed portion 124 is
formed on the upper surface of the second inorganic insu-
lating layer 109, and an inclination of an inner side surface
of the fourth recessed portion 124 plays a role in reducing
the inclination of the upper surface of the second inorganic
insulating layer 109 with respect to an incident direction of
the light 150C. That is, the light 150C, incident obliquely to
the second inorganic insulating layer 109, can be incident at
an angle close to perpendicular to the inner side surface of
the first recessed portion 108 in the second inorganic insu-
lating layer 109. As a result, it is possible to suppress that the
light 150C, incident obliquely to the second inorganic insu-
lating layer 109, is reflected at an interface between the
second inorganic insulating layer 109 and the second refrac-
tive index layer 120.

[0163] Further, the light 150C, incident obliquely to the
second inorganic insulating layer 109, is refracted at the
inner side surface of the fourth recessed portion 124 and thus
can be incident at an angle close to perpendicular to an
interface between the second refractive index layer 120
formed inside the fourth recessed portion 124 and the
counter substrate 122. As a result, it is possible to suppress
that the light 150C is reflected at the interface between the
second refractive index layer 120 formed inside the fourth
recessed portion 124 and the counter substrate 122. Accord-
ingly, it is possible to increase a light amount emitted in the
front direction and improve the light utilization efficiency.

[0164] The fourth recessed portion 124 includes the inner
side surface curved toward an opening side of the fourth
recessed portion 124. With such configuration, it is possible



US 2018/0301665 A1l

to refract each ray of light 150C incident at various angles
at the interface between the second inorganic insulating
layer 109 and the second refractive index layer 120, and to
emit each ray of light 150C toward the opening side of the
fourth recessed portion 124.

[0165] As described above, since the shape of the second
inorganic insulating layer 109 conforms to an upper surface
shape ofthe filling layer 114, the shape of the fourth recessed
portion 124 depends on the shape of the second recessed
portion 114A provided on the filling layer 114.

[0166] Inthe present example, it is also possible to provide
the first touchpanel electrode 134A and the second touch
panel electrode 134B between the counter substrate 122 and
the second inorganic insulating layer 109.

[0167] In the present example, the fourth recessed portion
124 is provided also on the upper surface of the second
inorganic insulating layer 109. As described in example 1, it
is desirable that the fourth recessed portion 124 is not
formed in a formation region of the jumper 136 in order to
ensure the function of the jumper 136.

[0168] However, in the present example, the first recessed
portion 108 is provided on the upper surface of the first
inorganic insulating layer 107, and it is possible to select a
formation region of the first recessed portion 108 regardless
of the formation region of the jumper 136. Therefore, this
example can realize the improvement of the light extraction
efficiency of the light 150C emitted from the first organic
light-emitting diode 6A without depending on the formation
region of the jumper 136.

[0169] Within the scope of the idea of the present inven-
tion, those skilled in the art can conceive various change
examples and modification examples, and it is understood
that the change examples and modification examples also
fall within the scope of the present invention. For example,
addition, deletion, or design modification of the constituent
element, or addition, omission, or condition change of the
step to each embodiment described above as appropriate
performed by those skilled in the art also included within the
scope of the present invention as long as the gist of the
present invention is included.

What is claimed is:

1. A display device comprising:

a substrate;

an organic light-emitting diode that includes a first elec-
trode, a first organic layer provided on the first elec-
trode, and a second electrode provided on the first
organic layer, which are provided for each pixel on the
substrate;

an insulating layer that is formed along a boundary of the
pixel and has an opening portion in a light-emitting
region of the pixel;

a first refractive index layer; and

a second refractive index layer,

wherein the first refractive index layer is disposed on the
insulating layer and the organic light-emitting diode, is
made of a material having a first refractive index, and
has a first recessed portion overlapping with a forma-
tion region of the insulating layer in plan view, and

wherein the second refractive index layer is disposed
inside the first recessed portion and is made of a
material having a second refractive index lower than
the first refractive index.
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2. The display device according to claim 1,

wherein the first refractive index layer includes a first
inorganic insulating layer and a second inorganic insu-
lating layer provided above the first inorganic insulat-
ing layer, and

wherein a second organic layer is provided between the
first inorganic insulating layer and the second inorganic
insulating layer in the light-emitting region.

3. The display device according to claim 2,

wherein the second organic layer has a second recessed
portion in the formation region of the insulating layer,
and

wherein the second inorganic insulating layer is provided
along an upper surface shape of the second organic
layer and has the first recessed portion having a shape
conforming to the second recessed portion, and the first
inorganic insulating layer and the second inorganic
insulating layer are in contact with each other at the
second recessed portion.

4. The display device according to claim 1,

wherein the insulating layer has a third recessed portion
on the upper surface of the insulating layer,

wherein the first refractive index layer has a shape con-
forming to an upper surface shape of the insulating
layer in the formation region of the insulating layer, and

wherein the first recessed portion overlaps with the third
recessed portion in plan view.

5. The display device according to claim 1,

wherein the first recessed portion includes an inner side
surface curved toward an opening side of the first
recessed portion.

6. The display device according to claim 1,

wherein the first refractive index layer includes silicon.

7. The display device according to claim 1,

wherein the second refractive index layer includes anyone
of the air, nitrogen gas, and an organic material having
transparency as a constituent material.

8. The display device according to claim 1,

wherein the first recessed portion is provided so as to
surround one light-emitting region or a plurality of the
light-emitting regions in plan view.

9. The display device according to claim 8,

wherein the first recessed portion is formed in a region
having a substantially rectangular shape in plan view,
and

wherein, in the substantially rectangular shape, a length of
a long side is two times or more a length of a short side.

10. A method of manufacturing a display device compris-

ing:

a step of preparing a substrate;

a step of providing an organic light-emitting diode includ-
ing a first electrode, a first organic layer provided on the
first electrode, and a second electrode provided on the
first organic layer provided for each pixel on the
substrate;

a step of forming an insulating layer that is formed along
a boundary of the pixel and has an opening portion in
a light-emitting region of the pixel;

a step of forming a first refractive index layer disposed on
the insulating layer and the organic light-emitting
diode, made of a material having a first refractive
index, and having a first recessed portion overlapping
with a formation region of the insulating layer in plan
view; and
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a step of forming a second refractive index layer disposed
inside the first recessed portion and made of a material
having a second refractive index lower than the first
refractive index.

11. The method of manufacturing a display device accord-

ing to claim 10,

wherein the step of forming a first refractive index layer
includes

a step of forming a first inorganic insulating layer and a
step of forming a second inorganic insulating layer
provided above the first inorganic insulating layer, and

a step of forming a second organic layer above the first
inorganic insulating layer after forming the first inor-
ganic insulating layer and before forming the second
inorganic insulating layer.

12. The method of manufacturing a display device accord-

ing to claim 11,

wherein, in the step of forming a second organic layer, a

second recessed portion is formed on the upper surface
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of the second organic layer in the formation region of
the insulating layer, and

wherein, in the step of forming a second inorganic insu-
lating layer, the second inorganic insulating layer is
formed along an upper surface shape of the second
organic layer by sputtering or vapor deposition, and the
first recessed portion having a shape conforming to the
second recessed portion is formed in the second inor-
ganic insulating layer.

13. The method of manufacturing a display device accord-

ing to claim 10,

wherein a third recessed portion is formed on the upper
surface of the insulating layer after forming the insu-
lating layer, and

wherein the first refractive index layer having the first
recessed portion having a shape conforming to the third
recessed portion is formed by forming the first inor-
ganic insulating layer above the insulating layer by
vapor deposition or sputtering.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN
IPCH %5
CPCH %5
£ %X

H A2 FF 30k
SERaERE

BEG®F)

US20180301665A1 K (aH)A
US15/953528 % A
KA ARE RS

HARRINC.

HARRINC.

SAKAMOTO SHIGERU

SAKAMOTO, SHIGERU

HO1L51/52 HO1L27/32 HO1L51/56

patsnap

2018-10-18

2018-04-16

HO1L51/5275 HO1L27/3244 HO1L51/56 HO1L51/5253 H01L2251/5315 HO1L27/3246 HO1L51/5271

2017081348 2017-04-17 JP

US10541385

Espacenet USPTO

REARAXROANEREESE | ERHEREHBNMEEREEN

ERAIRELREE

, REBRENIRTEK , HEEGENRAXEFE

BAOBDBE-NHRENE_THRR, B-NHFREREELEE

L ABBNEAXA-REHERTE - THENMRGEK , FEAEFEF
HEPSEEENTERXSEEBNE —MBEHEs. F-THERRERE
F—MEHs A , FEBHERETSE -5 RS -5 RO

Fo

~-1508

~150A



https://share-analytics.zhihuiya.com/view/575ba36c-44cf-47a3-ad30-afd9b0488895
https://worldwide.espacenet.com/patent/search/family/063790926/publication/US2018301665A1?q=US2018301665A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180301665%22.PGNR.&OS=DN/20180301665&RS=DN/20180301665

