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EL DISPLAY DEVICE INCLUDING ISLAND
SHAPED HOLE INJECTION LAYER AND
ISLAND SHAPED ELECTRON INJECTION
LAYER AND METHOD OF
MANUFACTURING THE SAME

TECHNICAL FIELD

The disclosure relates to an EL display device including
organic EL elements, and to a method of manufacturing an
EL display device including organic EL elements.

BACKGROUND ART

In recent years, various types of flat panel displays have
been developed. With their ability to achieve reduced power
consumption, thinner profiles, and higher picture quality,
organic Electro luminescence (EL) display devices in par-
ticular are attracting attention as excellent flat panel dis-
plays.

When manufacturing an organic EL display device, a
method is typically used in which a constant gap between a
vapor deposition mask and an active matrix substrate is
ensured by providing an edge cover (also called a “bank
material” or a “partition matetial”) having a constant height
on the active matrix substrate, and a vapor deposition film is
then formed using the vapor deposition mask.

PTL 1 and 2 disclose organic EL display devices config-
ured including such an edge cover on the active matrix
substrate.

FIG. 14A is a diagram illustrating the overall configura-
tion of a known organic EL display device 101 including an
edge cover 112 having openings 1124, and FIG. 14B is a
diagram illustrating a problem with the known organic EL
display device 101 including the edge cover 112.

As illustrated in FIG. 14A, the organic EL display device
101 includes a substrate 102, active elements 103 (e.g. TFT
elements) formed on one face of the substrate 102, an
insulating layer 104 covering the active elements 103, first
electrodes 105 (e.g. ITO) electrically connected to the active
elements 103 with contact holes formed in the insulating
layer 104 therebetween, and the edge cover 112 formed
covering the insulating layer 104 exposed between end
portions of adjacent first electrodes 105 and the end portions
of the first electrodes 105.

In the organic EL display device 101, a hole injection
layer (HIL layer) 106 and a hole transport layer (HTL layer)
107 are furthermore formed above the substrate 102 cover-
ing the first electrodes 105 and the edge cover 112.

A red light emitting layer (EML layer) 108R, a green light
emitting layer (EML layer) 108G, and a blue light emitting
layer (EML layer; not illustrated) are formed on the hole
injection layer 106 and the hole transport layer 107 above
the regions where the first electrodes 105 are formed.

An electron transport layer (ETL layer) 109 and an
electron injection layer (EIL layer) 110 are formed above the
substrate 102 covering the hole transport layer 107, the red
light emitting layer 108R, the green light emitting layer
108G, and the blue light emitting layer (not illustrated). A
second electrode 111 (e.g. a metal layer) is formed above the
substrate 102 covering the electron injection layer 110.

FIG. 15 is a diagram illustrating a process of manufac-
turing the known organic EL display device 101 illustrated
in FIG. 14A.
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In the organic EL display device 101, the hole injection
layer 106 is formed above the substrate 102, covering the
first electrodes 105 and the edge cover 112, using an open
mask (S101).

The hole transport layer 107 is then formed above the
substrate 102, covering the hole injection layer 106, using an
open mask (5102).

Then, the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer (not
illustrated) are formed on the hole injection layer 106 and
the hole transport layer 107 above the regions where the first
electrodes 105 are formed, using three coloring masks
(5103).

The electron transport layer 109 is then formed above the
substrate 102, covering the hole transport layer 107, the red
light emitting layer 108R, the green light emitting layer
108G, and the blue light emitting layer (not illustrated),
using an open mask (S104).

After this, the electron injection layer 110 is formed above
the substrate 102, covering the electron transport layer 109,
using an open mask (S105).

Finally, the second electrode 111 is formed above the
substrate 102, covering the electron injection layer 110,
using an open mask (5106).

The organic EL display device 101 including red light-
emitting organic EL elements, green light-emitting organic
EL elements, and blue light-emitting organic EL elements
can be realized through this procedure.

In recent years, highly electrically conductive P-doped
hole injection layers, highly electrically conductive P-doped
high-polymer hole injection layers, and the like are more
commonly being used as the hole injection layer 106.
Additionally, there is a trend toward using a shape having a
sharp taper angle for the edge cover 112 in order to increase
the resolution.

CITATION LIST
Patent Literature

PTL 1: WO 2012/017503 (published internationally Feb.
9, 2012)
PTL 2: JP 2015-207527 A (published Nov. 19, 2015)

SUMMARY
Technical Problem

FIG. 14B is a diagram illustrating a problem with the
known organic EL display device 101 including the hole
injection layer 106, which is a highly electrically conductive
P-doped hole injection layer or a highly electrically conduc-
tive P-doped high-polymer hole injection layer, and the edge
cover 112, which is shaped having a sharp taper angle.

As illustrated in FIG. 14B, in the known organic EL
display device 101 employing the edge cover 112 having a
sharp taper angle and the highly electrically conductive hole
injection layer 106, the edge cover 112 having a sharp taper
angle is employed. Thus, when forming a layered body in
which the highly electrically conductive hole injection layer
106, the hole transport layer 107, the light emitting layers
(the red light emitting layer 108R, the green light emitting
layer 108G, and the blue light emitting layer (not illus-
trated)), the electron transport layer 109, the electron injec-
tion layer 110, and the second electrode 111 serving as a
reflective electrode are layered in that order, the film thick-
ness distribution changes drastically near the edge cover 112
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in the layered body due to the shape of the edge cover 112,
which has sharp angled surfaces. This results in the forma-
tion of extremely thin parts.

The organic EL display device 101 includes the highly
electrically conductive hole injection layer 106, and thus
crosstalk is produced by horizontal current in the highly
electrically conductive hole injection layer 106 (current in
an in-plane direction), as indicated by the dotted-line arrows
in FIG. 14B. There is thus a problem in that each in the red
light-emitting organic EL elements each including the red
light emitting layer 108R, the green light-emitting organic
EL elements each including the green light emitting layer
108G, and the blue light-emitting organic EL elements each
including the blue light emitting layer (not illustrated), this
crosstalk results in a peripheral area emitting intense light,
while a central area has reduced light emitting efficiency.

Having been conceived of in light of the foregoing
problem, an object of the disclosure is to provide an EL
display device, and a method of manufacturing an EL
display device, that suppresses intense light emission in a
peripheral area of EL element while improving the light
emitting efficiency in a central area of the EL element, even
in an EL display device employing an edge cover (also
called a “bank material” or “partition material”) having a
sharp taper angle for increased resolution.

Solution to Problem

To solve the above-described problems, an EL display
device according to the disclosure includes a first electrode,
a second electrode opposing the first electrode, light emit-
ting layers each formed having an island shape, between the
first electrode and the second electrode, a hole injection
layer provided between the first electrode and each of the
light emitting layers, and an electron injection layer pro-
vided between the second electrode and each of the light
emitting layers. The hole injection layer and the electron
injection layer overlap only inward from an end portion each
of the light emitting layers, when viewed in plan view.

According to the above-described configuration, the hole
injection layer and the electron injection layer overlap only
inward from the end portion each of the light emitting layers,
and thus light is emitted only at a part inward from the end
portion each of the light emitting layers. Accordingly, even
in a case where the organic EL display device employs an
edge cover having a sharp taper angle to increase the
resolution, it is possible to achieve an organic EL display
device that suppresses intense light emission at the end
portion each of the light emitting layers and improves the
light emitting efficiency at the part inward from the end
portion each of the light emitting layers.

To solve the above-described problems, a method of
manufacturing an EL display device is a method of manu-
facturing an EL display device including a first electrode, a
second electrode opposing the first electrode, and light
emitting layers each formed having an island shape, between
the first electrode and the second electrode, the method
includes forming a hole injection layer between the first
electrode and each of the light emitting layers, and forming
an electron injection layer between the second electrode and
each of the light emitting layers. The hole injection layer
formed in the forming a hole injection layer and the electron
injection layer formed in the forming an electron injection
layer overlap only inward from an end portion each of the
light emitting layers, when viewed in plan view.

According to the above-described method, the hole injec-
tion layer and the electron injection layer overlap only
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inward from the end portion each of the light emitting layers,
and thus light is emitted only at a part inward from the end
portion each of the light emitting layers. Accordingly, even
in a case where the organic EL display device employs an
edge cover having a sharp taper angle to increase the
resolution, it is possible to achieve a method of manufac-
turing an organic EL display device that suppresses intense
light emission at the end portion each of the light emitting
layers and improves the light emitting efficiency at the part
inward from the end portion each of the light emitting layers.

Advantageous Effects of Disclosure

According to aspects of the disclosure, it is possible to
provide an EL display device, and a method of manufactur-
ing an EL display device, that suppresses intense light
emission in a peripheral area each of organic EL elements
while improving the light emitting efficiency in a central
area each of the organic EL elements, even in an EL display
device employing an edge cover having a sharp taper angle
for increased resolution.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a diagram illustrating the overall configuration
of an organic EL display device employing an edge cover
having a sharp taper angle, and FIG. 1B is a diagram
illustrating a reason why, in the organic EL display device,
intense light emission can be suppressed in a peripheral area
each of organic EL elements while the light emitting effi-
ciency can be improved in a central area each of the organic
EL elements.

FIG. 2 is a diagram illustrating a process of manufacturing
the organic EL display device illustrated in FIGS. 1A and
1B.

FIG. 3A is a diagram illustrating an example of a coloring
mask having a plurality of openings used in a process of
forming a hole injection layer, and FIG. 3B is a diagram
illustrating an example of a coloring mask having a plurality
of openings used in a process of forming each of a red light
emitting layer, a green light emitting layer, and a blue light
emitting layer (not illustrated).

FIG. 4A is a diagram illustrating the overall configuration
of an organic EL display device employing an edge cover
having a sharp taper angle, and FIG. 4B is a diagram
illustrating a reason why, in the organic EL display device,
intense light emission can be suppressed in the peripheral
area each of organic EL elements while the light emitting
efficiency can be improved in the central area each of the
organic EL elements.

FIG. 5 is a diagram illustrating a process of manufacturing
the organic EL display device illustrated in FIGS. 4A and
4B.

FIG. 6A is a diagram illustrating the overall configuration
of an organic EL display device employing an edge cover
having a sharp taper angle, and FIG. 6B is a diagram
illustrating a reason why, in the organic EL display device,
intense light emission can be suppressed in the peripheral
area each of organic EL elements while the light emitting
efficiency can be improved in the central area each of the
organic EL elements.

FIG. 7 is a diagram illustrating a process of manufacturing
the organic EL display device illustrated in FIGS. 6A and
6B.

FIG. 8 is a diagram illustrating the overall configuration
of an organic EL display device employing an edge cover
having a sharp taper angle, and a reason why intense light
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emission can be suppressed in the peripheral area of organic
EL elements while the light emitting efficiency can be
improved in the central area each of the organic EL ele-
ments.

FIG. 9 is a diagram illustrating positions where a coloring
mask having a plurality of openings and used in a process of
forming a hole imjection layer, and a coloring mask having
a plurality of openings and used in a process of forming an
electron injection layer, are arranged with respect to a red
light emitting layer, a green light emitting layer, and a blue
light emitting layer, each which is formed having an island
shape.

FIG. 10A is a diagram illustrating the overall configura-
tion of a coloring mask having a plurality of openings and
used in a process of forming a hole injection layer, and FIG.
10B is a diagram illustrating the overall configuration of a
coloring mask having a plurality of openings and used in a
process of forming an electron injection layer.

FIG. 11 is a diagram illustrating a process of manufac-
turing the organic EL display device illustrated in FIG. 8.

FIG. 12A is a diagram illustrating a position where a
coloring mask having a plurality of openings, which can be
used in a process of forming a hole injection layer, is
arranged with respect to a red light emitting layer, a green
light emitting layer, and a blue light emitting layer, each
which is formed having an island shape, and FIG. 12B is a
diagram illustrating a position where a coloring mask having
a plurality of openings, which can be used in a process of
forming an electron injection layer, is arranged with respect
to a red light emitting layer, a green light emitting layer, and
a blue light emitting layer, each which is formed having an
island shape.

FIG. 13A is a diagram illustrating the overall configura-
tion of a coloring mask having a plurality of openings, which
can be used in a process of forming a hole injection layer,
and FIG. 13B is a diagram illustrating the overall configu-
ration of a coloring mask having a plurality of openings,
which can be used in a process of forming an electron
injection layer.

FIG. 14A is a diagram illustrating the overall configura-
tion of a known organic EL display device including an edge
cover, and FIG. 14B is a diagram illustrating a problem with
the known organic EL display device including an edge
cover.

FIG. 15 is a diagram illustrating a process of manufac-
turing the known organic EL display device illustrated in
FIG. 14A.

DESCRIPTION OF EMBODIMENTS

Embodiments of the disclosure will be described herein-
after on the basis of FIGS. 1A to 13B. For explanatory
purposes, configurations having the same functions as con-
figurations described in individual embodiments may be
given the same reference signs, and descriptions thereof may
be omitted.

Although an organic EL display device is described as an
example of an EL display device in the following embodi-
ments, the device is not limited thereto, and the type of
device is not particularly limited as long as it is an EL
display device having a plurality of deposition layers.

First Embodiment

A first embodiment of the disclosure will be described on
the basis of FIGS. 1A to 3B.
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FIG. 1A is a diagram illustrating the overall configuration
of an organic EL display device 1 employing an edge cover
112 having a sharp taper angle, and FIG. 1B is a diagram
illustrating a reason why, in the organic EL display device 1,
intense light emission can be suppressed in a peripheral area
each of organic EL elements while the light emitting effi-
ciency can be improved in a central area each of the organic
EL elements.

As illustrated in FIG. 1A, the organic EL display device
1 includes a substrate 102, active elements 103 (e.g. TFT
elements) formed on one face of the substrate 102, an
insulating layer 104 covering the active elements 103, a first
electrode 105 (e.g. ITO) electrically connected to each of the
active elements 103 by means of a corresponding contact
hole formed in the insulating layer 104 therebetween, and
the edge cover 112 formed covering the insulating layer 104,
which is exposed between end portions of adjacent first
electrodes 105, and the end portions of the adjacent first
electrodes 105.

Furthermore, the organic EL display device 1 includes a
hole injection layer (HIL layer) 2 formed above the substrate
102 and a hole transport layer (HTL layer) 107 formed
above the substrate 102 covering the first electrodes 105, the
hole injection layer 2, and the edge cover 112.

A red light emitting layer (EML layer) 108R, formed
having an island shape, is formed on the hole injection layer
2 and the hole transport layer 107 above a region where the
first electrode 105 is formed. A green light emitting layer
(EML layer) 108G, formed having an island shape, is
formed on the hole injection layer 2 and the hole transport
layer 107 above a region where the first electrode 105 is
formed. A blue light emitting layer (EML layer; not illus-
trated), formed having an island shape, is formed on the hole
injection layer 2 and the hole transport layer 107 above a
region where the first electrode 105 is formed.

An electron transport layer (ETL layer) 109 and an
electron injection layer (EIL layer) 110 are formed above the
substrate 102 covering the hole transport layer 107, the red
light emitting layer 108R, the green light emitting layer
108G, and the blue light emitting layer (not illustrated). A
second electrode 111 (e.g. a metal layer) is formed above the
substrate 102 covering the electron injection layer 110.

The edge cover 112 having a sharp taper angle is provided
covering a peripheral of the first electrode 105.

Organic EL elements configured to emit light of the
corresponding color are formed in the organic EL display
device 1 by layering the island-shaped highly electrically
conductive hole injection layer 2, the hole transport layer
107, any one of the light emitting layer among the island-
shaped red light emitting layer 108R, the island-shaped
green light emitting layer 108G, and the island-shaped blue
light emitting layer (not illustrated), the electron transport
layer 109, the electron injection layer 110, and the second
electrode 111 (e.g. a metal layer) serving as a reflective
electrode, in that order.

In the case where the organic EL element is a red
light-emitting organic EL element, the element may include
the red light emitting layer 108R as a light emitting layer; in
the case where the organic EL element is a green light-
emitting organic EL element, the element may include the
green light emitting layer 108G as a light emitting layer; and
in the case where the organic EL element is a blue light-
emitting organic EL element, the element may include the
blue light emitting layer as a light emitting layer.

Although the present embodiment describes a case where
the electron transport layer 109 and the electron injection
layer 110 are included as separate layers as an example, the
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layers are not limited to this configuration. The electron
transport layer 109 and the electron injection layer 110 may
be formed as a single layer functioning as both the electron
injection layer and the electron transport layer.

An electron blocking layer may be provided between the
hole transport layer 107 and the red light emitting layer
108R, between the hole transport layer 107 and the green
light emitting layer 108G, and between the hole transport
layer 107 and the blue light emitting layer (not illustrated).
Ahole blocking layer may be provided between the red light
emitting layer 108R and the electron transport layer 109,
between the green light emitting layer 108G and the electron
transport layer 109, and between the blue light emitting layer
(not illustrated) and the electron transport layer 109.

As illustrated in FIG. 1A, in the organic EL display device
1, the edge cover 112 having a sharp taper angle is
employed. Thus, when forming a layered body in which the
hole injection layer 2, the hole transport layer 107, any one
of the light emitting layer among the red light emitting layer
108R, the green light emitting layer 108G, and the blue light
emitting layer (not illustrated), the electron transport layer
109, the electron injection layer 110, and the second elec-
trode 111 serving as a reflective electrode are layered in that
order, the film thickness distribution changes drastically near
the edge cover 112 in the layered body due to the edge cover
112 having a sharp taper angle. This results in the formation
of an extremely thin part. For this reason, the peripheral area
each of the organic EL elements configured to emit light of
the corresponding color is the above-described extremely
thin part in the layered body.

Thus, as illustrated in FIG. 1A, the organic EL display
device 1 includes the hole injection layer 2 and the electron
injection layer 110, when viewed in plan view, formed
overlapping only inward from an end portion each of the
island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the island-
shaped blue light emitting layer (not illustrated).

In the present embodiment, the electron injection layer
110 is formed covering the entireties of the island-shaped
red light emitting layer 108R, the island-shaped green light
emitting layer 108G, and the island-shaped blue light emit-
ting layer (not illustrated). The hole injection layer 2 is
divided into a plurality of parts isolated from each other in
an island shape, and each of the isolated and island-shaped
parts of the hole injection layer 2 is smaller than each of the
island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the island-
shaped blue light emitting layer (not illustrated).

Note that in the present embodiment, it is preferable that
the part of the hole injection layer 2 and the electron
injection layer 110 that overlap when viewed in plan view
overlaps, when viewed in plan view, with an opening 112a
in the edge cover 112 formed covering the end portions of
the adjacent first electrodes 105 which, of the first electrode
105 and the second electrode 111, are in a lower layer.

As illustrated in FIG. 1A, the hole injection layer 2 is not
formed in the extremely thin part of the layered body, which
is the peripheral area each of the organic EL elements
included in the organic EL display device 1. As such, a
problem in which crosstalk (current in an in-plane direction)
arising in each of the organic EL elements due to horizontal
current in the highly electrically conductive hole injection
layer 2 results in the peripheral area each of the organic EL
elements emitting intense light while the central area each of
the organic EL elements has reduced light emitting effi-
ciency can be suppressed.
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In other words, as illustrated in FIG. 1B, in the organic EL
elements included in the organic EL display device 1, the
horizontal current in the highly electrically conductive hole
injection layer 2 arises only inward from the end portion
each of the island-shaped red light emitting layer 108R, the
island-shaped green light emitting layer 108G, and the
island-shaped blue light emitting layer (not illustrated), as
indicated by the arrows in FIG. 1B. When viewed in plan
view, the hole injection layer 2 and the electron injection
layer 110 overlap only inward from the end portion each of
the island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the island-
shaped blue light emitting layer (not illustrated), and thus
light is emitted from the part inward from the end portion
each of the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer (not
illustrated). Accordingly, even in a case where the organic
EL display device 1 employs the edge cover 112 having a
sharp taper angle to increase the resolution, it is possible to
achieve an organic EL display device 1 that suppresses
intense light emission at the end portion each of the red light
emitting layer 108R, the green light emitting layer 108G,
and the blue light emitting layer (not illustrated) and
improves the light emitting efficiency at the part inward from
the end portion each of the red light emitting layer 108R, the
green light emitting layer 108G, and the blue light emitting
layer (not illustrated).

FIG. 2 is a diagram illustrating a process of manufacturing
the organic EL display device 1 illustrated in FIGS. 1A and
1B.

FIG. 3A is a diagram illustrating an example of a coloring
mask (first mask) 3 having a plurality of openings 4 and used
in a process for forming the hole injection layer 2, and FIG.
3B is a diagram illustrating an example of a coloring mask
5 having openings 6R, 6G, or 6B and used in a process for
forming the red light emitting layer 108R, the green light
emitting layer 108G, or the blue light emitting layer (not
illustrated), respectively.

As illustrated in FIG. 2, in the organic EL display device
1, the hole injection layer 2 is formed above the substrate
102, divided into a plurality of parts isolated from each other
in an island shape using the coloring mask 3 having a
plurality of openings 4 as illustrated in FIG. 3A while
covering the first electrode 105 and the edge cover 112 (S1).

The hole transport layer 107 is then formed above the
substrate 102, covering the hole injection layer 2, using an
open mask having a single opening (S2).

Then, the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer (not
illustrated) are formed on the corresponding hole injection
layer 2 and the hole transport layer 107 above the region
where the corresponding first electrode 105 is formed, using
three coloring masks, including the coloring mask 5 having
a plurality of openings 6R and used in the process of forming
the red light emitting layer 108R, illustrated in FIG. 3B (S3).

The electron transport layer 109 is then formed above the
substrate 102, covering the hole transport layer 107, the red
light emitting layer 108R, the green light emitting layer
108G, and the blue light emitting layer (not illustrated),
using an open mask having a single opening (S4).

After this, the electron injection layer 110 is formed above
the substrate 102, covering the electron transport layer 109,
using an open mask (a second mask) having a single opening
(S5).

Finally, the second electrode 111 is formed above the
substrate 102, covering the electron injection layer 110,
using an open mask having a single opening (S6).
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Although the present embodiment describes a case where
the first electrode 105 are in a lower layer than the second
electrode 111, the first electrode 105 is transparent electrode
capable of transmitting light at the wavelength at which the
corresponding light emitting layer emits the light, and the
second electrode 111 is a reflective electrode as an example,
the configuration is not limited thereto, and the first elec-
trode 105 may be in a higher layer than the second electrode
111.

Second Embodiment

Next, a second embodiment of the disclosure will be
described on the basis of FIGS. 4A to 5. An organic EL
display device 10 according to the present embodiment
differs from that of the first embodiment in that: the hole
injection layer 106 is formed overlapping the entireties of
the red light emitting layer 108R, the green light emitting
layer 108G, and the blue light emitting layer (not illustrated)
when viewed in plan view; an electron injection layer 11 is
divided into a plurality of parts isolated from each other in
an island shape, and each of the isolated and island-shaped
parts of the electron injection layer 11 is each smaller than
the red light emitting layer 108R, the green light emitting
layer 108G, and the blue light emitting layer (not illus-
trated), respectively. Aside from these points, the organic EL
display device 10 according to the present embodiment is
the same as described in the first embodiment. For the sake
of simplicity, members having the same functions as the
members illustrated in the drawings referenced in the first
embodiment will be given the same reference signs, and
descriptions thereof will be omitted.

FIG. 4A is a diagram illustrating the overall configuration
of an organic EL display device 10 employing an edge cover
112 having a sharp taper angle, and FIG. 4B is a diagram
illustrating a reason why, in the organic EL display device
10, intense light emission can be suppressed in the periph-
eral area each of organic EL elements while the light
emitting efficiency can be improved in the central area each
of the organic EL elements.

As illustrated in FIG. 4A, in the organic EL display device
10, the highly electrically conductive hole injection layer
106, the hole transport layer 107, any one of the light
emitting layer among the red light emitting layer 108R, the
green light emitting layer 108G, and the blue light emitting
layer (not illustrated), the electron transport layer 109, the
island-shaped electron injection layer 11, and the second
electrode 111 (e.g. a metal layer) serving as a reflective
electrode, are layered in that order to form organic EL
elements configured to emit light of the corresponding color
in the organic EL display device 10.

As illustrated in FIG. 4A, in the organic EL display device
10, the edge cover 112 having a sharp taper angle is
employed. Thus, when forming a layered body in which the
hole injection layer 106, the hole transport layer 107, any
one of the light emitting layer among the red light emitting
layer 108R, the green light emitting layer 108G, and the blue
light emitting layer (not illustrated), the electron transport
layer 109, the electron injection layer 11, and the second
electrode 111 serving as a reflective electrode are layered in
that order, the film thickness distribution changes drastically
near the edge cover 112 in the layered body due to the edge
cover 112 having a sharp taper angle. This results in the
formation of an extremely thin part. For this reason, the
peripheral area each of the organic EL elements configured
to emit light of the corresponding color is the above-
described extremely thin part in the layered body.
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Thus, as illustrated in FIG. 4A, the organic EL display
device 10 includes the hole injection layer 106 and the
electron injection layer 11, when viewed in plan view,
formed overlapping only inward from an end portion each of
the island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the island-
shaped blue light emitting layer (not illustrated).

In the present embodiment, the hole injection layer 106 is
formed covering the entireties of the island-shaped red light
emitting layer 108R, the island-shaped green light emitting
layer 108G, and the island-shaped blue light emitting layer
(not illustrated). The electron injection layer 11 is divided
into a plurality of parts isolated from each other in an island
shape, and each of the isolated and island-shaped parts of the
electron injection layer 11 is smaller than each of the
island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the island-
shaped blue light emitting layer (not illustrated).

Note that in the present embodiment, it is preferable that
the part of the hole injection layer 106 and the electron
injection layer 11 that overlap when viewed in plan view
overlaps, when viewed in plan view, with the opening 112«
in the edge cover 112 formed covering the end portions of
the adjacent first electrodes 105 which, of the first electrode
105 and the second electrode 111, are in a lower layer.

As illustrated in FIG. 4A, the electron injection layer 11
is not formed in the extremely thin part of the layered body,
which is the peripheral area each of the organic EL elements
included in the organic EL display device 10. As such, a
problem in which crosstalk (current in an in-plane direction)
arising in each of the organic EL elements due to horizontal
current in the highly electrically conductive hole injection
layer 106 results in the peripheral area each of the organic
EL elements emitting intense light while the central area
each of the organic EL elements has reduced light emitting
efficiency can be suppressed.

In other words, as illustrated in FIG. 4B, in the organic EL
elements included in the organic EL display device 10, the
horizontal current in the highly electrically conductive hole
injection layer 106 arises only inward from the end portion
each of the island-shaped red light emitting layer 108R, the
island-shaped green light emitting layer 108G, and the
island-shaped blue light emitting layer (not illustrated), as
indicated by the arrows in FIG. 4B. When viewed in plan
view, the hole injection layer 106 and the electron injection
layer 11 overlap only inward from the end portion each of
the island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the island-
shaped blue light emitting layer (not illustrated), and thus
light is emitted from the part inward from the end portion
each of the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer (not
illustrated). Accordingly, even in a case where the organic
EL display device 10 employs the edge cover 112 having a
sharp taper angle to increase the resolution, it is possible to
achieve an organic EL display device 10 that suppresses
intense light emission at the end portion each of the red light
emitting layer 108R, the green light emitting layer 108G,
and the blue light emitting layer (not illustrated) and
improves the light emitting efficiency at the part inward from
the end portion each of the red light emitting layer 108R, the
green light emitting layer 108G, and the blue light emitting
layer (not illustrated).

FIG. 5 is a diagram illustrating a process of manufacturing
the organic EL display device 10 illustrated in FIGS. 4A and
4B.
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As illustrated in FIG. 5, in the organic EL display device
10, the hole injection layer 106 is formed above the substrate
102 using an open mask (second mask) having a single
opening, covering the first electrode 105 and the edge cover
112 (S11).

The hole transport layer 107 is then formed above the
substrate 102, covering the hole injection layer 106, using an
open mask having a single opening (S12).

Then, the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer (not
illustrated) are formed in island shapes on the corresponding
hole injection layer 2 and the hole transport layer 107 above
the region where the corresponding first electrode 105 is
formed, using three coloring masks having a plurality of
openings (S13).

The electron transport layer 109 is then formed above the
substrate 102, covering the hole transport layer 107, the red
light emitting layer 108R, the green light emitting layer
108G, and the blue light emitting layer (not illustrated),
using an open mask having a single opening (S14).

Then, the electron injection layer 11 is formed on the
electron transport layer 109 above the substrate 102 in an
island shape, using a coloring mask (first mask) having a
plurality of openings (S15).

Finally, the second electrode 111 is formed above the
substrate 102, covering the electron injection layer 11 and
the electron transport layer 109, using an open mask having
a single opening (S16).

Third Embodiment

Next, a third embodiment of the disclosure will be
described on the basis of FIGS. 6A to 7. An organic EL
display device 20 according to the present embodiment
differs from that of the first and second embodiments in that:
the hole injection layer 2 is divided into a plurality of parts
isolated from each other in an island shape; the electron
injection layer 11 is divided into a plurality of parts isolated
from each other in an island shape; the isolated and island-
shaped parts of the hole injection layer 2 overlap with the
respective isolated and island-shaped parts of the electron
injection layer 11 when viewed in plan view; and each of the
isolated and island-shaped parts of the hole injection layer 2
and each of the isolated and island-shaped parts of the
electron injection layer 11 that overlap when viewed in plan
view are each smaller than the island-shaped red light
emitting layer 108R, the island-shaped green light emitting
layer 108G, and the island-shaped blue light emitting layer
(not illustrated). In other respects, the organic EL display
device 20 is the same as described in the first and second
embodiments. For the sake of simplicity, members having
the same functions as the members illustrated in the draw-
ings referenced in the first and second embodiments will be
given the same reference signs, and descriptions thereof will
be omitted.

FIG. 6A is a diagram illustrating the overall configuration
of the organic EL display device 20 employing an edge
cover 112 having a sharp taper angle, and FIG. 6B is a
diagram illustrating a reason why, in the organic EL display
device 20, intense light emission can be suppressed in a
peripheral area each of organic EL elements while the light
emitting efficiency can be improved in a central area each of
the organic EL elements.

As illustrated in FIG. 6A, in the organic EL display device
20, the island-shaped highly electrically conductive hole
injection layer 2, the hole transport layer 107, any one of the
light emitting layer among the red light emitting layer 108R,
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the green light emitting layer 108G, and the blue light
emitting layer (not illustrated), the electron transport layer
109, the island-shaped electron injection layer 11, and the
second electrode 111 (e.g. a metal layer) serving as a
reflective electrode are layered in that order to form organic
EL elements configured to emit light of the corresponding
color in the organic EL display device 20.

As illustrated in FIG. 6A, in the organic EL display device
20, the edge cover 112 having a sharp taper angle is
employed. Thus, when forming a layered body in which the
hole injection layer 2, the hole transport layer 107, any one
of the light emitting layer among the red light emitting layer
108R, green light emitting layer 108G, and blue light
emitting layer (not illustrated), the electron transport layer
109, the electron injection layer 11, and the second electrode
111 serving as a reflective electrode are layered in that order,
the film thickness distribution changes drastically near the
edge cover 112 in the layered body due to the edge cover 112
having a sharp taper angle. This results in the formation of
an extremely thin part. For this reason, the peripheral area
each of the organic EL elements configured to emit light of
the corresponding color is the above-described extremely
thin part in the layered body.

Thus, as illustrated in FIG. 6A, the organic EL display
device 20 includes the island-shaped hole injection layer 2
and the island-shaped electron injection layer 11, when
viewed in plan view, formed overlapping only inward from
an end portion each of the island-shaped red light emitting
layer 108R, the island-shaped green light emitting layer
108G, and the island-shaped blue light emitting layer (not
illustrated).

In the present embodiment, the hole injection layer 2 is
divided into a plurality of parts isolated from each other in
an island shape; the electron injection layer 11 is divided into
a plurality of parts isolated from each other in an island
shape; the isolated and island-shaped parts of the hole
injection layer 2 overlap with the isolated and island-shaped
parts of the electron injection layer 11 when viewed in plan
view; and each of the isolated and island-shaped parts of the
hole injection layer 2 and each of the isolated and island-
shaped parts of the electron injection layer 11 that overlap
when viewed in plan view are each smaller than the island-
shaped red light emitting layer 108R, the island-shaped
green light emitting layer 108G, and the island-shaped blue
light emitting layer (not illustrated).

Note that in the present embodiment, it is preferable that
the part of the hole injection layer 2 and the electron
injection layer 11 that overlap when viewed in plan view
overlap, when viewed in plan view, with the opening 112a
in the edge cover 112 formed covering the end portions of
the adjacent first electrodes 105 which, of the first electrode
105 and the second electrode 111, are in a lower layer.

As illustrated in FIG. 6A, the hole injection layer 2 and
the electron injection layer 11 are not formed in the
extremely thin part of the layered body. which is the
peripheral area each of the organic EL elements included in
the organic EL display device 20. As such, a problem in
which crosstalk (current in an in-plane direction) arising in
each of the organic EL elements due to horizontal current in
the highly electrically conductive hole injection layer 2
results in the peripheral area each of the organic EL elements
emitting intense light while the central area each of the
organic EL elements have reduced light emitting efficiency
can be suppressed.

In other words, as illustrated in FIG. 6B, in the organic EL,
elements included in the organic EL display device 20, the
horizontal current in the highly electrically conductive hole
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injection layer 2 arises only inward from the end portion
each of the island-shaped red light emitting layer 108R, the
island-shaped green light emitting layer 108G, and the
island-shaped blue light emitting layer (not illustrated), as
indicated by the arrows in FIG. 6B. When viewed in plan
view, the hole injection layer 2 and the electron injection
layer 11 overlap only inward from the end portion each of
the island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the island-
shaped blue light emitting layer (not illustrated), and thus
light is emitted from the part inward from the end portion
each of the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer (not
illustrated). Accordingly, even in a case where the organic
EL display device 20 employs the edge cover 112 having a
sharp taper angle to increase the resolution, it is possible to
achieve an organic EL display device 20 that suppresses
intense light emission at the end portion each of the red light
emitting layer 108R, the green light emitting layer 108G,
and the blue light emitting layer (not illustrated) and
improves the light emitting efficiency at the part inward from
the end portion each of the red light emitting layer 108R, the
green light emitting layer 108G, and the blue light emitting
layer (not illustrated).

FIG. 7 is a diagram illustrating a process of manufacturing
the organic EL display device 20 illustrated in FIGS. 6A and
6B.

As illustrated in FIG. 7, in the organic EL display device
20, the hole injection layer 2 is formed in an island shape
above the substrate 102 using a coloring mask (first mask)
having a plurality of openings, covering the first electrode
105 and the edge cover 112 (S21).

The hole transport layer 107 is then formed above the
substrate 102, covering the hole injection layer 2 and the first
electrode 105, using an open mask having a single opening
(S22).

Then, the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer (not
illustrated) are formed in island shapes on the corresponding
hole injection layer 2 and the hole transport layer 107 above
the region where the corresponding first electrode 105 is
formed, using three coloring masks having a plurality of
openings (S23).

The electron transport layer 109 is then formed above the
substrate 102, covering the hole transport layer 107, the red
light emitting layer 108R, the green light emitting layer
108G, and the blue light emitting layer (not illustrated),
using an open mask having a single opening (S24).

Then, the electron injection layer 11 is formed on the
electron transport layer 109 above the substrate 102 in an
island shape, using a coloring mask (third mask) having a
plurality of openings (S25).

Finally, the second electrode 111 is formed above the
substrate 102, covering the electron injection layer 11 and
the electron transport layer 109, using an open mask having
a single opening (S26).

Note that in the present embodiment, the coloring mask
(first mask) having a plurality of openings, used when
forming the hole injection layer 2, and the coloring mask
(third mask) having a plurality of openings, used when
forming the electron injection layer 11, may be the same
mask.

Fourth Embodiment

Next, a fourth embodiment of the disclosure will be
described on the basis of FIGS. 8 to 13B. An organic EL
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display device 30 according to the present embodiment
differs from that of the first to third embodiments in that: a
hole injection layer 22 is divided into a plurality of parts
isolated from each other in an island shape; an electron
injection layer 23 is divided into a plurality of parts isolated
from each other in an island shape; one of each of the
isolated and island-shaped parts of the hole injection layer
22 and each of the isolated and island-shaped parts of the
electron injection layer 23 overlaps with two light emitting
layers adjacent to each other in one direction among the
island-shaped red light emitting layers 108R, the island-
shaped green light emitting layers 108G, and the island-
shaped blue light emitting layers 108B, when viewed in plan
view; and the other of each of the isolated and island-shaped
parts of the hole injection layer 22 and each of the isolated
and island-shaped parts of the electron injection layer 23
overlaps with one of the two light emitting layers adjacent
to each other in one direction when viewed in plan view. In
other respects, the organic EL display device 30 is as
described in the first to third embodiments. For the sake of
simplicity, members having the same functions as the mem-
bers illustrated in the drawings referenced in the first to third
embodiments will be given the same reference signs, and
descriptions thereof will be omitted.

FIG. 8 is a diagram illustrating the overall configuration
of the organic EL display device 30 employing an edge
cover 112 having a sharp taper angle, and a reason why
intense light emission can be suppressed in a peripheral area
each of organic EL elements while the light emitting effi-
ciency can be improved in a central area each of the organic
EL elements.

As illustrated in FIG. 8, in the organic EL display device
30, the island-shaped highly electrically conductive hole
injection layer 22, the hole transport layer 107, any one of
the light emitting layer among the island-shaped red light
emitting layer 108R, the island-shaped green light emitting
layer (not illustrated), and the island-shaped blue light
emitting layer (not illustrated), the electron transport layer
109, the island-shaped electron injection layer 23, and the
second electrode 111 (e.g. a metal layer) serving as a
reflective electrode, are layered in that order to form the
organic EL elements configured to emit light of the corre-
sponding color in the organic EL display device 30.

As illustrated in FIG. 8, the hole injection layer 22 is
divided into a plurality of parts isolated from each other in
an island shape; the electron injection layer 23 is divided
into a plurality of parts isolated from each other in an island
shape; one of each of the isolated and island-shaped parts of
the hole injection layer 22 and each of the isolated and
island-shaped parts of the electron injection layer 23 over-
laps with two light emitting layers adjacent to each other in
one direction among the island-shaped red light emitting
layers 108R, the island-shaped green light emitting layers
108G, and the island-shaped blue light emitting layers 1088,
when viewed in plan view; and the other of each of the
isolated and island-shaped parts of the hole injection layer
22 and each of the isolated and island-shaped parts of the
electron injection layer 23 overlaps with one of the two light
emitting layers adjacent to each other in one direction when
viewed in plan view.

Note that in the present embodiment, it is preferable that
the parts of the hole injection layer 22 and the electron
injection layer 23 that overlap when viewed in plan view
overlap, when viewed in plan view, with the opening 1124
in the edge cover 112 formed covering the end portions of
the adjacent first electrodes 105 which, of the first electrode
105 and the second electrode 111, are in a lower layer.
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FIG. 9 is a diagram illustrating positions where a coloring
mask 40 having a plurality of openings 41 and used in a
process of forming the hole injection layer 22, and a coloring
mask 50 having a plurality of openings 51 and used in a
process of forming the electron injection layer 23, are
arranged with respect to the island-shaped red light emitting
layer 108R, the island-shaped green light emitting layer
108G, and the island-shaped blue light emitting layer 108B.

FIG. 10A is a diagram illustrating the overall configura-
tion of the coloring mask 40 having the plurality of openings
41 and used in the process of forming the hole injection layer
22, and FIG. 10B is a diagram illustrating the overall
configuration of the coloring mask 50 having the plurality of
openings 51 and used in the process of forming the electron
injection layer 23.

As illustrated in FIGS. 10A and 10B, each of the plurality
of openings 51 in the coloring mask 50 used in the process
of forming the electron injection layer 23 partially overlaps,
when viewed in plan view, with two of the openings 41,
adjacent to each other in the vertical direction in FIG. 10A,
in the coloring mask 40 used in the process of forming the
hole injection layer 22.

As illustrated in FIGS. 10A and 10B, although the plu-
rality of openings 41 in the coloring mask 40 and the
plurality of openings 51 in the coloring mask 50 are formed
having rectangular shapes, the openings are not limited
thereto, and may have hook shapes instead, for example, as
will be described later.

As illustrated in FIG. 9, the island-shaped part of the hole
injection layer 22 formed via the opening 41 in the coloring
mask 40 overlaps, when viewed in plan view, with two light
emitting layers adjacent to each other in the vertical direc-
tions in FIG. 9 among the island-shaped red light emitting
layers 108R, the island-shaped green light emitting layers
108G, and the island-shaped blue light emitting layers 108B.

The island-shaped part of the electron injection layer 23
formed via the opening 51 in the coloring mask 50 overlaps,
when viewed in plan view, with one of the aforementioned
two light emitting layers.

By arranging the coloring mask 40 having the plurality of
openings 41 and the coloring mask 50 having the plurality
of openings 51 with respect to the island-shaped red light
emitting layer 108R, the island-shaped green light emitting
layer 108G, and the island-shaped blue light emitting layer
108B as illustrated in FIG. 9 and then forming the hole
injection layer 22 and the electron injection layer 23, the
hole injection layer 22 and the electron injection layer 23 can
be made to overlap, when viewed in plan view, only inward
from the end portion each of the island-shaped red light
emitting layer 108R, the island-shaped green light emitting
layer 108G, and the island-shaped blue light emitting layer
108B.

As illustrated in FIG. 9, the island-shaped parts of the hole
injection layer 22 formed via the openings 41 in the coloring
mask 40 and the island-shaped parts of the electron injection
layer 23 formed via the openings 51 in the coloring mask 50
overlap, when viewed in plan view, only inward from the
end portion each of the island-shaped red light emitting layer
108R, the island-shaped green light emitting layer 108G,
and the island-shaped blue light emitting layer 108B.

As described above, in the organic EL display device 30
illustrated in FIG. 8, the hole injection layer 22 is divided
into a plurality of parts isolated from each other in an island
shape, and the electron injection layer 23 is divided into a
plurality of parts isolated from each other in an island shape.
Fach of the isolated and island-shaped parts of the hole
injection layer 22 forms a first island group so that each of
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the isolated and island-shaped parts of the hole injection
layer 22 overlaps with a plurality of the island-shaped light
emitting layers among the light emitting layers 108R, 108G,
and 108B when viewed in plan view. Each of the isolated
and island-shaped parts of the electron injection layer 23
forms a second island group so that each of the isolated and
island-shaped parts of the electron injection layer 23 over-
laps with a plurality of the island-shaped light emitting
layers among the light emitting layers 108R, 108G, and
108B when viewed in plan view. One of the plurality of the
island-shaped light emitting layers among the light emitting
layers 108R, 108G, and 108B overlapping with the first
island group when viewed in plan view is identical to one of
the plurality of the island-shaped light emitting layers
among the light emitting layers 108R, 108G, and 108B
overlapping with the second island group when viewed in
plan view.

The plurality of the island-shaped light emitting layers
among the light emitting layers 108R, 108G, and 108B
overlapping with the first island group when viewed in plan
view may be two adjacent light emitting layers, and the
plurality of the island-shaped light emitting layers among
the light emitting layers 108R, 108G, and 108B overlapping
with the second island group when viewed in plan view may
be two adjacent light emitting layers.

FIG. 11 is a diagram illustrating a process of manufac-
turing the organic EL display device 30 illustrated in FIG. 8.

As illustrated in FIG. 11, in the organic EL display device
30, the hole injection layer 22 is formed in an island shape
above the substrate 102 using the coloring mask 40 (fourth
mask) having the plurality of openings 41 as illustrated in
FIG. 10A, covering the first electrode 105 and the edge
cover 112 (S31).

The hole transport layer 107 is then formed above the
substrate 102, covering the hole injection layer 22 and the
first electrode 105, using an open mask having a single
opening (S32).

Then, the red light emitting layer 108R, the green light
emitting layer 108G, and the blue light emitting layer 108B
are formed in island shapes on the corresponding hole
injection layer 22 and the hole transport layer 107 above the
region where the corresponding first electrode 105 is
formed, using three coloring masks having a plurality of
openings (S33).

The electron transport layer 109 is then formed above the
substrate 102, covering the hole transport layer 107, the red
light emitting layer 108R, the green light emitting layer (not
illustrated), and the blue light emitting layer (not illustrated),
using an open mask having a single opening (S34).

Then, the electron injection layer 23 is formed on the
electron transport layer 109 above the substrate 102 in an
island shape, using the coloring mask 50 (fifth mask) having
the plurality of openings 51 as illustrated in FIG. 10B (S35).

Finally, the second electrode 111 is formed above the
substrate 102, covering the electron injection layer 23 and
the electron transport layer 109, using an open mask having
a single opening (S36).

The present embodiment describes a case where the
coloring mask 40 having the plurality of openings 41, used
when forming the hole injection layer 22, and the coloring
mask 50 having the plurality of openings 51, used when
forming the electron injection layer 23, are different masks,
as one example. However, the configuration is not limited
thereto, and the coloring mask 40 having the plurality of
openings 41, used when forming the hole injection layer 22,
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and the coloring mask 50 having the plurality of openings
51, used when forming the electron injection layer 23, may
be the same mask.

In the case where the coloring mask 40 having the
plurality of openings 41, used when forming the hole
injection layer 22, and the coloring mask 50 having the
plurality of openings 51, used when forming the electron
injection layer 23, are the same mask, one of the masks can
be moved and used when forming the electron injection
layer 23. The openings in the mask after the mask is moved
in one direction partially overlap, when viewed in plan view,
with two openings, in the pre-movement mask, that are
adjacent to each other in the vertical direction in the draw-
ings.

The present embodiment describes a case where, as
illustrated in FIGS. 10A and 10B, the plurality of openings
41 in the coloring mask 40 and the plurality of openings 51
in the coloring mask 50 are formed having rectangular
shapes that are longer in the vertical direction in the draw-
ings as one example. However, the shapes are not limited
thereto, and the plurality of openings 41 in the coloring mask
40 and the plurality of openings 51 in the coloring mask 50
may be formed having rectangular shapes that are longer in
the horizontal direction in FIGS. 10A and 10B.

FIG. 12A is a diagram illustrating a position where a
coloring mask 60 having a plurality of openings 61, which
can be used in a process of forming the hole injection layer
22, is arranged with respect to the island-shaped red light
emitting layer 108R, the island-shaped green light emitting
layer 108G, and the island-shaped blue light emitting layer
108B, and FIG. 12B is a diagram illustrating a position
where a coloring mask 70 having a plurality of openings 71,
which can be used in a process of forming the electron
injection layer 23, is arranged with respect to the island-
shaped red light emitting layer 108R, the island-shaped
green light emitting layer 108G, and the island-shaped blue
light emitting layer 108B.

FIG. 13A is a diagram illustrating the overall configura-
tion of the coloring mask 60 having the plurality of openings
61, which can be used in the process of forming the hole
injection layer 22, and FI1G. 13B is a diagram illustrating the
overall configuration of the coloring mask 70 having the
plurality of openings 71, which can be used in the process
of forming the electron injection layer 23.

As illustrated in FIGS. 12A to 13B, the plurality of
openings 61 in the coloring mask 60 and the plurality of
openings 71 in the coloring mask 70 are formed having L
shapes (hook shapes).

As illustrated in FIGS. 12A and 12B, the island-shaped
part of the hole injection layer 22 formed via the opening 61
in the coloring mask 60 overlaps, when viewed in plan view,
with three light emitting layers adjacent to each other in the
vertical direction and horizontal direction in the drawings
among the island-shaped red light emitting layers 108R, the
island-shaped green light emitting layers 108G, and the
island-shaped blue light emitting layer 108Bs.

Additionally, the island-shaped part of the electron injec-
tion layer 23 formed via the opening 71 in the coloring mask
70 overlaps, when viewed in plan view, with three light
emitting layers adjacent to each other in the vertical direc-
tion and horizontal direction in the drawings among the
island-shaped red light emitting layers 108R, the island-
shaped green light emitting layers 108G, and the island-
shaped blue light emitting layers 108B.

In other words, the hole injection layer 22 is divided into
a plurality of parts isolated from each other in an island
shape. and the electron injection layer 23 is divided into a
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plurality of parts isolated from each other in an island shape.
Each of the isolated and island-shaped parts of the hole
injection layer 22 forms a first island group so that each of
the isolated and island-shaped parts of the hole injection
layer 22 overlaps with a plurality of light emitting layers
among the island-shaped light emitting layers 108R, 108G,
and 108B when viewed in plan view. Each of the isolated
and island-shaped parts of the electron injection layer 23
forms a second island group so that each of the isolated and
island-shaped parts of the electron injection layer 23 over-
laps with a plurality of light emitting layers among the
island-shaped light emitting layers 108R, 108G, and 108B
when viewed in plan view. One of the plurality of the
island-shaped light-emitting layers among the light emitting
layers 108R, 108G, and 108B overlapping with the first
island group when viewed in plan view is identical to one of
the plurality of the island-shaped light emitting layers
among the light emitting layers 108R, 108G, and 108B
overlapping with the second island group when viewed in
plan view.

The plurality of the island-shaped light emitting layers
108R, 108G, and 108B overlapping with the first island
group when viewed in plan view may be three light emitting
layers that are mutually adjacent to each other and arranged
in a [ shape (hook shape), and the plurality of the island-
shaped light emitting layers 108R, 108G, and 108B over-
lapping with the second island group when viewed in plan
view may be three light emitting layers that are mutually
adjacent to each other and arranged in a L. shape (hook
shape).

By arranging the coloring mask 60 having the plurality of
openings 61 and the coloring mask 70 having the plurality
of openings 71 with respect to the island-shaped red light
emitting layer 108R, the island-shaped green light emitting
layer 108G, and the island-shaped blue light emitting layer
108B as illustrated in FIGS. 12A and 12B and then forming
the hole injection layer 22 and the electron injection layer
23, the hole injection layer 22 and the electron injection
layer 23 can be made to overlap, when viewed in plan view,
with only the inner sides from the end portion each of the
island-shaped red light emitting layer 108R, the island-
shaped green light emitting layer 108G, and the the island-
shaped blue light emitting layer 108B.

As illustrated in FIGS. 12A and 12B, the hole injection
layer 22 formed having respective island shapes by means of
the openings 61 in the coloring mask 60 and the electron
injection layer 23 formed having respective island shapes by
means of the openings 71 in the coloring mask 70 overlap,
when viewed in plan view, only inward from the end portion
each of the island-shaped red light emitting layer 108R, the
island-shaped green light emitting layer 108G, and the
island-shaped blue light emitting layer 108B.

As described above, in the case where any of the coloring
mask 40 having the openings 41 illustrated in FIG. 10A, the
coloring mask 50 having the openings 51 illustrated in FIG.
10B, the coloring mask 60 having the openings 61 illustrated
in FIG. 13 A, or the coloring mask 70 having the openings 71
illustrated in FIG. 13B is used as the mask, the size of the
openings in the mask can be increased. This makes it easier
to form the openings in the mask, which helps increase the
resolution. This also increases the rigidity of the mask,
which reduces warping; this makes it possible to reduce
imprecise deposition.

Supplement

An EL display device according to a first aspect of the
disclosure includes a first electrode, a second electrode
opposing the first electrode, light emitting layers each



US 10,522,775 B2

19

formed having an island shape, between the first electrode
and the second electrode, a hole injection layer provided
between the first electrode and each of the light emitting
layers, and an electron injection layer provided between the
second electrode and each of the light emitting layers. The
hole injection layer and the electron injection layer overlap
only inward from an end portion each of the light emitting
layers, when viewed in plan view.

According to the above-described configuration, the hole
injection layer and the electron injection layer overlap only
inward from the end portion each of the light emitting layers,
and thus light is emitted only at the part inward from the end
portion each of the light emitting layers. Accordingly, even
in a case where the organic EL display device employs an
edge cover having a sharp taper angle to increase the
resolution, it is possible to achieve an organic EL display
device that suppresses intense light emission at the end
portion each of the light emitting layers and improves the
light emitting efficiency at the part inward from the end
portion each of the light emitting layers.

According to an EL display device of a second aspect of
the disclosure, in the first aspect, the electron injection layer
may be formed covering the entireties of the light emitting
layers; the hole injection layer may be divided into a
plurality of part isolated from each other in an island shape;
and each of the plurality of parts isolated from each other in
an island shape of the hole injection layer may be smaller
than each of the light emitting layers.

According to this configuration, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be achieved.

According to an EL display device of a third aspect of the
disclosure, in the first aspect, the hole injection layer may be
formed overlapping with the entireties of the light emitting
layers when viewed in plan view; the electron injection layer
may be divided into a plurality of parts isolated from each
other in an island shape; and each of the plurality of parts
isolated from each other in an island shape of the electron
injection layer may be smaller than each of the light emitting
layers.

According to this configuration, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be achieved.

According to an EL display device of a fourth aspect of
the disclosure, in the first aspect, the hole injection layer may
be divided into a plurality of parts isolated from each other
in an island shape; the electron injection layer may be
divided into a plurality of parts isolated from each other in
an island shape; each of the plurality of parts isolated from
each other in an island of the hole injection layer may
overlap with each of the plurality of parts isolated from each
other in an island shape of the electron injection layer when
viewed in plan view; and each of the plurality of parts
isolated from each other in an island shape of the hole
injection layer and each of the plurality of parts isolated
from each other in an island shape of the electron injection
layer that overlap when viewed in plan view may be each
smaller than each of the light emitting layers.

According to this configuration, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be achieved.
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According to an EL display device of a fifth aspect of the
disclosure, in the first aspect, the hole injection layer may be
divided into a plurality of parts isolated from each other in
an island shape; the electron injection layer may be divided
into a plurality of parts isolated from each other in an island
shape; each of the plurality of parts isolated from each other
in an island shape of the hole injection layer may form a first
island group overlapping, when viewed in plan view, with a
plurality of light emitting layers among the light emitting
layers each formed having an island shape; each of the
plurality of parts isolated from each other in an island shape
of the electron injection layer may form a second island
group overlapping, when viewed in plan view, with a
plurality of light emitting layers among the light emitting
layers each formed having an island shape; and one of the
plurality of light emitting layers each formed having the
island shape and overlapping with the first island group
when viewed in plan view may be identical to one of the
plurality of light emitting layers each formed having the
island shape and overlapping with the second island group
when viewed in plan view.

According to this configuration, a high-resolution EL
display device that can suppress intense light emission at the
end portion each of the light emitting layers while improving
the light emitting efficiency inward from the end portion
each of the light emitting layers can be achieved.

According to an EL display device of a sixth aspect of the
disclosure, in the fifth aspect, the plurality of light emitting
layers each formed having the island shape and overlapping
with the first island group when viewed in plan view may be
two adjacent light emitting layers; and the plurality of light
emitting layers each formed having the island shape and
overlapping with the second island group when viewed in
plan view may be two adjacent light emitting layers.

According to this configuration, a high-resolution EL
display device that can suppress intense light emission at the
end portion each of the light emitting layers while improving
the light emitting efficiency inward from the end portion
each of the light emitting layers can be achieved.

According to an EL display device of a seventh aspect of
the disclosure, in the fifth aspect, the plurality of light
emitting layers each formed having the island shape and
overlapping with the first island group when viewed in plan
view may be three adjacent light emitting layers arranged in
a L shape; and the plurality of light emitting layers each
formed having the island shape and overlapping with the
second island group when viewed in plan view may be three
adjacent light emitting layers arranged in a L shape.

According to this configuration, a high-resolution EL
display device that can suppress intense light emission at the
end portion each of the light emitting layers while improving
the light emitting efficiency inward from the end portion
each of the light emitting layers can be achieved.

According to an EL display device of an eighth aspect of
the disclosure, in any one of the first to seventh aspects, parts
of the hole injection layer and the electron injection layer
that overlap when viewed in plan view may overlap, when
viewed in plan view, with an opening in an edge cover, the
edge cover formed covering an end portion of whichever of
the first electrode and the second electrode is in a lower
layer.

According to this configuration, a high-resolution EL
display device that can suppress intense light emission at the
end portion each of the light emitting layers while improving
the light emitting efficiency inward from the end portion
each of the light emitting layers can be achieved.
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According to an EL display device of a ninth aspect of the
disclosure, in any one of the first to eighth aspects, the first
electrode may be in a lower layer than the second electrode;
and the first electrode may be a transparent electrode capable
of transmitting light at wavelengths at which the light
emitting layer emits the light, and the second electrode is a
reflective electrode.

According to this configuration, a bottom emission-type
EL display device that suppresses intense light emission at
the end portion each of the light emitting layers while
improving the light emitting efficiency inward from the end
portion each of the light emitting layers can be achieved.

According to an EL display device of a tenth aspect of the
disclosure, in any one of the first to eighth aspects, the first
electrode may be in a higher layer than the second electrode;
and the first electrode may be a transparent electrode capable
of transmitting light at wavelengths at which the light
emitting layer emits the light, and the second electrode may
be a reflective electrode.

According to this configuration, a top emission-type EL
display device that suppresses intense light emission at the
end portion each of the light emitting layers while improving
the light emitting efficiency inward from the end portion
each of the light emitting layers can be achieved.

A method of manufacturing an EL display device accord-
ing to an eleventh aspect of the disclosure is a method of
manufacturing an EL display device including a first elec-
trode, a second electrode opposing the first electrode, and
light emitting layers each formed having an island shape,
between the first electrode and the second electrode, the
method including forming a hole injection layer between the
first electrode and each of the light emitting layers, and
forming an electron injection layer between the second
electrode and each of the light emitting layers. The hole
injection layer formed in the forming a hole injection layer
and the electron injection layer formed in the forming an
electron injection layer overlap only inward from an end
portion each of the light emitting layers, when viewed in
plan view.

According to the above-described method, the hole injec-
tion layer and the electron injection layer overlap only
inward from the end portion each of the light emitting layers,
and thus light is emitted only at the part inward from the end
portion each of the light emitting layers. Accordingly, even
in a case where the organic EL display device employs an
edge cover having a sharp taper angle to increase the
resolution, it is possible to achieve a method of manufac-
turing an organic EL display device that suppresses intense
light emission at the end portion each of the light emitting
layers and improves the light emitting efficiency at the part
inward from the end portion each of the light emitting layers.

According to a method of manufacturing an EL display
device of a twelfth aspect of the disclosure, in the eleventh
aspect, in the forming a hole injection layer, the hole
injection layer may be formed divided into a plurality of
parts isolated from each other in an island shape using a first
mask including a plurality of openings; and in the forming
an electron injection layer, the electron injection layer may
be formed covering the entireties of the light emitting layers
using a second mask including a single opening.

According to this method, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be achieved.

According to a method of manufacturing an EL display
device of a thirteenth aspect of the disclosure, in the eleventh
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aspect, in the forming a hole injection layer, the hole
injection layer may be formed covering the entireties of the
light emitting layers using a second mask including a single
opening; and in the forming an electron injection layer, the
electron injection layer may be formed divided into a
plurality of parts isolated from each other in an island shape
using a first mask including a plurality of openings.

According to this method, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be achieved.

According to a method of manufacturing an EL display
device of a fourteenth aspect of the disclosure, in the
eleventh aspect, in the forming a hole injection layer, the
hole injection layer may be formed divided into a plurality
of parts isolated from each other in an island shape using a
first mask including a plurality of openings; and in the
forming an electron injection layer, the electron injection
layer may be formed divided into a plurality of parts isolated
from each other in an island shape using a third mask
including a plurality of openings.

According to this method, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be achieved.

According to a method of manufacturing an EL display
device of a fifteenth aspect of the disclosure, in the four-
teenth aspect, the first mask used in the forming a hole
injection layer may be identical to the third mask used in the
forming an electron injection layer.

According to this method, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be manufactured using a single mask in
the forming a hole injection layer and the forming an
electron injection layer.

According to a method of manufacturing an EL display
device of a sixteenth aspect of the disclosure, in the eleventh
aspect, in the forming a hole injection layer, the hole
injection layer may be formed divided into a plurality of
parts isolated from each other in an island shape using a
fourth mask including a plurality of openings; in the forming
an electron injection layer, the electron injection layer may
be formed divided into a plurality of parts isolated from each
other in an island shape using a fifth mask including a
plurality of openings; and each of the plurality of openings
in the fifth mask may partially overlap, when viewed in plan
view, with two openings adjacent to each other in one
direction of the plurality of openings in the fourth mask.

According to this method, a high-resolution EL display
device that can suppress intense light emission at the end
portion each of the light emitting layers while improving the
light emitting efficiency inward from the end portion each of
the light emitting layers can be achieved.

According to a method of manufacturing an EL display
device of a seventeenth aspect of the disclosure, in the
sixteenth aspect, the plurality of openings in the fourth mask
and the plurality of openings in the fifth mask may be
rectangular.

According to this method, a high-resolution EL display
device that can suppress intense light emission at the end
portion each of the light emitting layers while improving the
light emitting efficiency inward from the end portion each of
the light emitting layers can be achieved.
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According to a method of manufacturing an EL display
device of an eighteenth aspect of the disclosure, in the
sixteenth aspect, the plurality of openings in the fourth mask
and the plurality of openings in the fifth mask may be
hook-shaped.

According to this method, a high-resolution EL display
device that can suppress intense light emission at the end
portion each of the light emitting layers while improving the
light emitting efficiency inward from the end portion each of
the light emitting layers can be achieved.

According to a method of manufacturing an EL display
device of a nineteenth aspect of the disclosure, in the
eleventh aspect, in the forming a hole injection layer, the
hole injection layer may be formed divided into a plurality
of parts isolated from each other in an island shape using a
fourth mask including a plurality of openings; in the forming
an electron injection layer, the electron injection layer may
be formed divided into a plurality of parts isolated from each
other in an island shape using the fourth mask moved in one
direction; and each of the plurality of openings in the fourth
mask that is moved may partially overlap, when viewed in
plan view, with two openings adjacent to each other in one
direction of the plurality of openings in the fourth mask
before the fourth mask is moved.

According to this method, an EL display device that
suppresses intense light emission at the end portion each of
the light emitting layers while improving the light emitting
efficiency inward from the end portion each of the light
emitting layers can be manufactured using a single mask in
the forming a hole injection layer and the forming an
electron injection layer.

According to a method of manufacturing an EL. display
device of a twentieth aspect of the disclosure, in the nine-
teenth aspect, the plurality of openings in the fourth mask
may be rectangular.

According to this method, a high-resolution EL display
device that can suppress intense light emission at the end
portion each of the light emitting layers while improving the
light emitting efficiency inward from the end portion each of
the light emitting layers can be achieved.

Additional Items

The disclosure is not limited to each of the embodiments
stated above, and various modifications may be imple-
mented within a range not departing from the scope of the
claims. Embodiments obtained by appropriately combining
technical approaches stated in each of the different embodi-
ments also fall within the scope of the technology of the
disclosure. Moreover, novel technical features may be
formed by combining the technical approaches stated in
each of the embodiments.

INDUSTRIAL APPLICABILITY

The disclosure can be applied in an EL display device, and
in a method of manufacturing an EL display device.

REFERENCE SIGNS LIST

1 Organic EL display device (EL display device)
2 Hole injection layer

3 Coloring mask

4 Opening

5 Coloring mask

6R Opening

10 Organic EL display device (EL display device)
11 Electron injection layer
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22 Hole injection layer

23 Electron injection layer

30 Organic EL display device (EL display device)
40 Coloring mask

41 Opening

50 Coloring mask

51 Opening

60 Coloring mask

61 Opening

70 Coloring mask

71 Opening

105 First electrode

106 Hole injection layer

107 Hole transport layer

108R Red light emitting layer
108G Green light emitting layer
108B Blue light emitting layer
109 Electron transport layer
110 Electron injection layer
111 Second electrode

112 Edge cover

112a Edge cover opening

The invention claimed is:

1. An EL display device comprising:

a first electrode;

a second electrode opposing the first electrode;

light emitting layers formed having island shapes,
between the first electrode and the second electrode;

a hole injection layer provided between the first electrode
and each of the light emitting layers; and

an electron injection layer provided between the second
electrode and each of the light emitting layers,

wherein the hole injection layer and the electron injection
layer overlap only at positions inward from an end
portion of each of the light emitting layers, when
viewed in a plan view,

the hole injection layer is divided into a plurality of parts
isolated from each other in an island shape,

the electron injection layer is divided into a plurality of
parts isolated from each other in an island shape,

each of the plurality of parts isolated from each other in
the island shape of the hole injection layer forms a first
island group overlapping, when viewed in the plan
view, with at least some of the light emitting layers
each formed having an island shape, and

each of the plurality of parts isolated from each other in
the island shape of the electron injection layer forms a
second island group overlapping, when viewed in the
plan view, with the at least some of the light emitting
layers formed having the island shape.

2. The EL display device according to claim 1,

wherein the plurality of light emitting layers each formed
having the island shape and overlapping with the first
island group when viewed in the plan view are two
adjacent light emitting layers, and

the plurality of light emitting layers each formed having
the island shape and overlapping with the second island
group when viewed in the plan view are two adjacent
light emitting layers.

3. The EL display device according to claim 1,

herein the plurality of light emitting layers each formed
having the island shape and overlapping with the first
island group when viewed in the plan view are three
adjacent light emitting layers arranged in a L shape, and

the plurality of light emitting layers each formed having
the island shape and overlapping with the second island



US 10,522,775 B2

25

group when viewed in the plan view are three adjacent
light emitting layers arranged in a L, shape.

4. The EL display device according to claim 1,

wherein parts of the hole injection layer and the electron

injection layer that overlap, when viewed in the plan
view, with an opening in an edge cover, the edge cover
formed covering an end portion of whichever of the
first electrode and the second electrode is in a lower
layer.

5. The EL display device according to claim 1,

wherein the first electrode is in a lower layer than the

second electrode, and

the first electrode is a transparent electrode capable of

transmitting light at wavelengths at which the light
emitting layer emits the light, and the second electrode
is a reflective electrode.

6. The EL display device according to claim 1,

wherein the first electrode is in a higher layer than the

second electrode, and

the first electrode is a transparent electrode capable of

transmitting light at wavelengths at which the light
emitting layer emits the light, and the second electrode
is a reflective electrode.

7. The EL display device according to claim 1,

wherein the electron injection layer is formed covering

the entireties of the light emitting layers, and

each of the plurality of parts isolated from each other in

the island shape of the hole injection layer is smaller
than each of the light emitting layers.

8. The EL display device according to claim 1,

wherein the hole injection layer is formed overlapping

with the entireties of the light emitting layers when
viewed in the plan view, and

each of the plurality of parts isolated from each other in

the island shape of the electron injection layer is
smaller than each of the light emitting layers.

9. The EL display device according to claim 1,

wherein

each of the plurality of parts isolated from each other in

the island shape of the hole injection layer overlaps
with each of the plurality of parts isolated from each
other in the island shape of the electron injection layer
when viewed in the plan view, and

each of the plurality of parts isolated from each other in

the island shape of the hole injection layer and the
plurality of parts isolated from each other in the island
shape of the electron injection layer that overlap when
viewed in the plan view are each smaller than each of
the light emitting layers.

10. A method of manufacturing an EL display device, the
EL display device including a first electrode, a second
electrode opposing the first electrode, and light emitting
layers each formed having an island shape, between the first
electrode and the second electrode, the method comprising:

forming a hole injection layer between the first electrode

and each of the light emitting layers; and
forming an electron injection layer between the second
electrode and each of the light emitting layers,

wherein the hole injection layer formed in the forming the
hole injection layer and the electron injection layer
formed in the forming the electron injection layer
overlap only at portions inward from an end portion of
each of the light emitting layers, when viewed in the
plan view,

in the forming the hole injection layer, the hole injection

layer is formed divided into a plurality of parts isolated
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from each other in an island shape using a fourth mask
including a plurality of openings,
in the forming the electron injection layer, the electron
injection layer is formed divided into a plurality of
parts isolated from each other in an island shape using
a fifth mask including a plurality of openings, and

each of the plurality of openings in the fifth mask partially
overlaps, when viewed in the plan view, with two
openings adjacent to each other in one direction of the
plurality of openings in the fourth mask.

11. The method of manufacturing an EL display device
according to claim 10,

wherein the plurality of openings in the fourth mask and

the plurality of openings in the fifth mask are rectan-
gular.

12. The method of manufacturing an EL display device
according to claim 10,

wherein the plurality of openings in the fourth mask and

the plurality of openings in the fifth mask are hook-
shaped.

13. The method of manufacturing an EL display device
according to claim 10,

wherein the hole injection layer is formed using a first

mask including a plurality of openings, and

the electron injection layer is formed covering entireties

of the light emitting layers using a second mask includ-
ing a single opening.

14. The method of manufacturing an EL display device
according to claim 10,

wherein the hole injection layer is formed covering entire-

ties of the light emitting layers using a second mask
including a single opening, and

the electron injection layer is formed divided into a

plurality of parts isolated from each other in an island
shape using a first mask including a plurality of open-
ings.

15. The method of manufacturing an EL display device
according to claim 10,

wherein the hole injection layer is formed using a first

mask including a plurality of openings, and

the electron injection layer is formed using a third mask

including a plurality of openings.

16. The method of manufacturing an EL display device
according to claim 15,

wherein the first mask used in the forming of the hole

injection layer is identical to the third mask used in the
forming of the electron injection layer.

17. A method of manufacturing an EL display device, the
EL display device including a first electrode, a second
electrode opposing the first electrode, and light emitting
layers each formed having an island shape, between the first
electrode and the second electrode, the method comprising:

forming a hole injection layer between the first electrode

and each of the light emitting layers; and
forming an electron injection layer between the second
electrode and each of the light emitting layers,

wherein the hole injection layer formed in the forming the
hole injection layer and the electron injection layer
formed in the forming the electron injection layer
overlap only at portions inward from an end portion of
each of the light emitting layers, when viewed in the
plan view,

in the forming the hole injection layer, the hole injection

layer is formed divided into a plurality of parts isolated
from each other in an island shape using a fourth mask
including a plurality of openings,
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in the forming the electron injection layer, the electron
injection layer is formed divided into a plurality of
parts isolated from each other in an island shape using
the fourth mask moved in one direction, and

each of the plurality of openings in the fourth mask that
is moved partially overlaps, when viewed in the plan
view, with two openings adjacent to each other in one
direction of the plurality of openings in the fourth mask
before the fourth mask is moved.

18. The method of manufacturing an EL display device

according to claim 17,

wherein the plurality of openings in the fourth mask are

rectangular.

28
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TSUKAMOTO YUTO
KAWATO SHINICHI
NIBOSHI MANABU
INOUE SATOSHI
IMADA HIROSHI
UMEDA TOKIYOSHI
ZHANG BAI
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https://share-analytics.zhihuiya.com/view/b32b2845-bb83-4fb2-9e3a-002a98571c72
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