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7) ABSTRACT

A display device having light emitting elements that respec-
tively include a first electrode formed on a substrate, a
laminated structure formed on the first electrode, and a
second electrode formed on the laminated structure. The
laminated structure is formed by laminating, in the follow-
ing order from the first electrode side, at least a first organic
layer including a first light emitting layer, a charge genera-
tion layer in which a first layer into which a first carrier is
injected and a second layer into which a second carrier is
injected are laminated, and a second organic layer including
a second light emitting layer. In a light emitting element
including a defect region, the charge generation layer is in a
high electrical resistance state or an insulated state in the
defect region, while being in a low electrical resistance state
in a region other than the defect region.
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DISPLAY DEVICE AND LIGHT EMITTING
DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a display device
and a light emitting device.

BACKGROUND ART

[0002] In recent years, as a display device substituted for
a liquid crystal display device, an organic electrolumines-
cence display device (hereinafter, also simply abbreviated as
an “organic EL display device”) using an organic electrolu-
minescence element (hereinafter, also simply abbreviated as
an “organic EL element”) has attracted attention. The
organic EL display device is a self-luminous type, has a
characteristic of low power consumption, and is considered
to have sufficient responsiveness even to a high-definition
high-speed video signal. Development and commercializa-
tion of the organic EL display device for practical use are
keenly proceeding. In addition, development and commer-
cialization of a light emitting device (lighting device) using
an organic EL element as a light emitting portion are also
keenly proceeding. An organic EL element generally has a
structure in which a first electrode, an organic layer includ-
ing a light emitting layer containing an organic light emitting
material, and a second electrode are sequentially laminated.
[0003] By the way, for example, if particles (foreign
matters) or protrusions are present on the first electrode, or
a break or a cut portion is generated in the first electrode,
coverage of the organic layer is insufficient, and a short
circuit may occur between the first electrode and the second
electrode. In addition, if such a short circuit occurs, in an
active matrix type organic EL display device, pixels includ-
ing the short circuit become defects, and a display quality of
the organic EL display device is deteriorated. In addition, in
a passive matrix organic EL display device, a line is broken,
and a display quality of the organic EL display device is also
deteriorated.

[0004] For example, Japanese Patent Application Laid-
open No. 2013-207010 discloses a means for solving such a
problem. Specifically, a first resistive layer and a second
resistive layer are disposed between an organic layer and a
second electrode from a side of the organic layer.

[0005] In addition, for example, Japanese Patent Applica-
tion Laid-Open No. 2011-249349 discloses an organic EL
element having a structure obtained by sequentially lami-
nating a first electrode, a first organic layer including a first
light emitting layer containing an organic light emitting
material, a charge generation layer, a second organic layer
including a second light emitting layer containing an organic
light emitting material, and a second electrode.

CITATION LIST
Patent Document

Patent Document 1: Japanese Patent Application Laid-Open
No. 2013-207010

Patent Document 2: Japanese Patent Application Laid-Open
No. 2011-249349

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] An organic EL element disclosed in Japanese Pat-
ent Application Laid-Open No. 2013-207010 can effectively
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prevent a short circuit between a first electrode and a second
electrode. However, it is necessary to form a resistor layer,
and the number of steps of manufacturing an organic EL
element is increased, productivity is reduced, and manufac-
turing cost is increased disadvantageously. In addition, it is
impossible to prevent a short circuit between a charge
generation layer and the first electrode (refer to FIG. 3). A
short circuit caused between the charge generation layer and
the first electrode causes deterioration of an image quality,
such as color unevenness or color shift.

[0007] Therefore, a first object of the present disclosure is
to provide a display device and a light emitting device
having a configuration and a structure capable of preventing
a short circuit between a charge generation layer and a first
electrode. In addition, a second object of the present disclo-
sure is to provide a display device and a light emitting device
having a configuration and a structure capable of preventing
a short circuit between the first electrode and a second
electrode without forming a resistor layer.

Solutions to Problems

[0008] A display device according to a first aspect of the
present disclosure for achieving the first object is a display
device having light emitting elements arranged in a two-
dimensional matrix, in which

[0009] each of the light emitting elements includes:
[0010] (A) a first electrode formed on a substrate;

[0011] (B) a laminated structure formed on the first elec-
trode; and

[0012] (C) a second electrode formed on the laminated
structure,

[0013] the laminated structure is formed by laminating:
[0014] in the following order from the first electrode side,
at least

[0015] (B-1) a first organic layer including a first light

emitting layer containing an organic light emitting material;
[0016] (B-2) a charge generation layer in which a first
layer into which a first carrier is injected and a second layer
into which a second carrier is injected are laminated; and
[0017] (B-3) a second organic layer including a second
light emitting layer containing an organic light emitting
material, and

[0018] in a light emitting element including a defect
region, the charge generation layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0019] A display device according to a second aspect of
the present disclosure for achieving the second object is a
display device having light emitting elements arranged in a
two-dimensional matrix, each of the light emitting elements
being formed by laminating: in the following order,

[0020] (A) a first electrode formed on a substrate;

[0021] (B)an organic layer including a light emitting layer
containing an organic light emitting material; and

[0022] (C) a second electrode, in which

[0023] each of the light emitting elements further includes
an electrode connection layer between the second electrode
and the organic layer or between the first electrode and the
organic layer, and

[0024] in a light emitting element including a defect
region, the electrode connection layer is in a high electrical
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resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0025] Alight emitting device according to the first aspect
of the present disclosure for achieving the first object is a
light emitting device including a light emitting portion
including;

[0026] (A) a first electrode formed on a substrate;

[0027] (B) a laminated structure formed on the first elec-
trode; and

[0028] (C) a second electrode formed on the laminated
structure, in which

[0029] the laminated structure is formed by laminating:
[0030] in the following order from the first electrode side,
at least

[0031] (B-1) a first organic layer including a first light

emitting layer containing an organic light emitting material;
[0032] (B-2) a charge generation layer in which a first
layer into which a first carrier is injected and a second layer
into which a second cartier is injected are laminated; and
[0033] (B-3) a second organic layer including a second
light emitting layer containing an organic light emitting
material, and

[0034] the charge generation layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0035] A light emitting device according to the second
aspect of the present disclosure for achieving the second
object is a light emitting device including a light emitting
portion formed by laminating: in the following order,
[0036] (A) a first electrode formed on a substrate;

[0037] (B)an organic layer including a light emitting layer
containing an organic light emitting material; and

[0038] (C) a second electrode, in which

[0039] the light emitting portion further includes an elec-
trode connection layer between the second electrode and the
organic layer or between the first electrode and the organic
layer, and

[0040] the electrode connection layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

Effects of the Invention

[0041] In the display device or the light emitting device
according to the first or second aspect of the present disclo-
sure, the charge generation layer or the electrode connection
layer is in a high electrical resistance state or an insulated
state in a defect region, while being in a low electrical
resistance state in a region other than the defect region. By
the way, according to studies by the present inventors, it has
been found that many oxygen atoms or nitrogen atoms exist
in the defect region. In addition, as a result of bonding of
these oxygen atoms or nitrogen atoms to atoms constituting
the charge generation layer or the electrode connection layer
(for example, an alkali metal or an alkaline earth metal
described below), it is considered that the charge generation
layer or the electrode connection layer is oxidized or nitrided
in the defect region, and that such an electrical resistance
state of the charge generation layer or the electrode connec-
tion layer is generated. Therefore, it is possible to reliably
prevent a short circuit between the charge generation layer
and the first electrode, and a short circuit between the second
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electrode and the first electrode without forming a resistive
layer. A display device and a light emitting device having
high reliability, long life, high luminance, high efliciency,
and high display quality can be manufactured without
largely increasing the number of manufacturing steps. Note
that effects described herein are merely illustrative, and are
not restrictive. In addition, an additional effect may be
present.

BRIEF DESCRIPTION OF DRAWINGS

[0042] FIG. 1 is a schematic partial cross-sectional view
of a display device of Example 1.

[0043] FIG. 2 is a schematic partial cross-sectional view
enlarging a light emitting element including a defect region
and a normal region in the display device of Example 1.
[0044] FIG. 3 is a schematic partial cross-sectional view
enlarging a light emitting element including a defect region
and a normal region in a conventional display device.
[0045] FIG. 4A and FIG. 4B are conceptual diagrams of
laminated structures in the display device of Example 1 and
a light emitting device of Example 4.

[0046] FIG. 5A and FIG. 5B are conceptual diagrams of
laminated structures in modified examples of the display
device of Example 1 and the light emitting device of
Example 4.

[0047] FIG. 6 is a schematic partial cross-sectional view
enlarging a light emitting element including a defect region
and a normal region in a display device of Example 2.
[0048] FIG. 7A and FIG. 7B are conceptual diagrams of
laminated structures in the display device of Example 2 and
the light emitting device of Example 4.

[0049] FIG. 8A and FIG. 8B are conceptual diagrams of
laminated structure in modified examples of the display
device of Example 1 and the light emitting device of
Example 4.

[0050] FIG. 9 is a schematic partial cross-sectional view
of a display device of Example 3.

[0051] FIG. 10 is a photograph of a scanning transmission
electron microscope (STEM) of a light emitting element
manufactured experimentally.

[0052] FIG. 11 illustrates photographs of results of energy
dispersive X-ray spectroscopy (EDX) in the same field of
view as the STEM photograph illustrated in FIG. 10.
[0053] FIG. 12 is a graph illustrating a result of evaluating
the number of dark spots of each of the display device of
Example 2 and a display device of Comparative Exaniple 2.

MODE FOR CARRYING OUT THE INVENTION

[0054] Hereinafter, the present disclosure will be
described on the basis of Examples with reference to the
drawings. However, the present disclosure is not limited to
Examples, and various numerical values and materials in
Examples are illustrative. Note that description will be made
in the following order.

[0055] 1. General description on display devices accord-
ing to first and second aspects of the present disclosure and
light emitting devices according to first and second aspects
of the present disclosure

[0056] 2. Example 1 (display device according to the first
aspect of the present disclosure)

[0057] 3. Example 2 (display device according to the
second aspect of the present disclosure)

[0058] 4. Example 3 (modifications of Examples 1 and 2)
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[0059] 5. Example 4 (light emitting devices according to
the first and second aspects of the present disclosure)
[0060] 6. Others

[0061] Inthe display device according to the first aspect of
the present disclosure, a first electrode may constitute an
anode electrode, a second electrode may constitute a cathode
electrode, a first carrier may be an electron, a second carrier
may be a hole, and a first layer constituting a charge
generation layer may be constituted by a material containing
an alkali metal or an alkaline earth metal. In addition, in this
case, the first layer constituting the charge generation layer
in a defect region may contain CaO,N,. or CsO,N,. (pro-
vided that 1<X<10 and 1<Y<10), and the composition of the
first layer constituting the charge generation layer in a region
other than the defect region may be different from that of the
first layer constituting the charge generation layer in the
defect region. The composition of the first layer constituting
the charge generation layer in a region other than the defect
region is a conductive composition.

[0062] In the display device according to the first aspect of
the present disclosure including the above preferable form,
the thickness of the charge generation layer in a region other
than the defect region may be larger than that of the charge
generation layer in the defect region. In this case, the
thickness of the charge generation layer in the defect region
is preferably 5 nm or more, and the thickness of the charge
generation layer in a region other than the defect region is
preferably 10 nm or more.

[0063] In the display device according to the first aspect of
the present disclosure including various preferable forms
described above, an electrode connection layer may be
formed between the laminated structure and the second
electrode or between the laminated structure and the first
electrode. In a light emitting element including a defect
region, the electrode connection layer may be in a high
electrical resistance state or an insulated state in a defect
region, while being in a low electrical resistance state in a
region other than the defect region.

[0064] In the above preferable configuration in the display
device according to the first aspect of the present disclosure
or the display device according to the second aspect of the
present disclosure, the electrode connection layer may be
constituted by a material containing an alkali metal or an
alkaline earth metal. In addition, in this case, the electrode
connection layer in a defect region may include CaO,N, or
CsO,N; (provided that 1<X<10 and 1<Y<I10), and the
composition of the electrode connection layer in a region
other than the defect region may be different from that of the
electrode connection layer in the defect region. The com-
position of the electrode connection layer in a region other
than the defect region is a conductive composition. Further-
more, in these configurations in the display device according
to the first aspect of the present disclosure or the display
device according to the second aspect of the present disclo-
sure including these configurations, the thickness of the
electrode connection layer in a region other than the defect
region may be larger than that of the electrode connection
layer in the defect region. Furthermore, the thickness of the
electrode connection layer in the defect region is preferably
5 nm or more, and the thickness of the electrode connection
layer in a region other than the defect region is preferably 10
nm or more.

[0065] In the light emitting device according to the first
aspect of the present disclosure, a first electrode may con-
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stitute an anode electrode, a second electrode may constitute
a cathode electrode, a first carrier may be an electron, a
second carrier may be a hole, and a first layer constituting a
charge generation layer may be constituted by a material
containing an alkali metal or an alkaline earth metal. In
addition, in this case, the first layer constituting the charge
generation layer in a defect region may contain CaQ, N, or
CsO, N, (provided that 1<X<10 and 1<Y<10), and the
composition of the first layer constituting the charge gen-
eration layer in a region other than the defect region may be
different from that of the first layer constituting the charge
generation layer in the defect region. The composition of the
first layer constituting the charge generation layer in a region
other than the defect region is a conductive composition.
[0066] In the light emitting device according to the first
aspect of the present disclosure including the above prefer-
able form, the thickness of the charge generation layer in a
region other than the defect region may be larger than that
of the charge generation layer in the defect region. In this
case, the thickness of the charge generation layer in the
defect region is preferably 5 nm or more, and the thickness
of the charge generation layer in a region other than the
defect region is preferably 10 nm or more.

[0067] In the light emitting device according to the first
aspect of the present disclosure including various preferable
forms described above, an electrode connection layer may
be formed between the laminated structure and the second
electrode or between the laminated structure and the first
electrode. The electrode connection layer may be in a high
electrical resistance state or an insulated state in the defect
region, while being in a low electrical resistance state in a
region other than the defect region.

[0068] In the above preferable configuration in the light
emitting device according to the first aspect of the present
disclosure or the light emitting device according to the
second aspect of the present disclosure, the electrode con-
nection layer may be constituted by a material containing an
alkali metal or an alkaline earth metal. In addition, in this
case, the electrode connection layer in a defect region may
include CaO,N, or CsO,N; (provided that 1<X<10 and
1<Y<10), and the composition of the electrode connection
layer in a region other than the defect region may be
different from that of the electrode connection layer in the
defect region. The composition of the electrode connection
layer in a region other than the defect region is a conductive
composition. Furthermore, in these configurations in the
light emitting device according to the first aspect of the
present disclosure or the light emitting device according to
the second aspect of the present disclosure including these
configurations, the thickness of the electrode connection
layer in a region other than the defect region may be larger
than that of the electrode connection layer in the defect
region. Furthermore, the thickness of the electrode connec-
tion layer in the defect region is preferably 5 nm or more,
and the thickness of the electrode connection layer in a
region other than the defect region is preferably 10 nm or
more.

[0069] The display device or the light emitting device
according to the first or second aspect of the present disclo-
sure including various preferable forms and configurations
described above may be collectively referred to simply as
“the present disclosure”. In addition, the display device or
the light emitting device according to the first aspect of the
present disclosure including various preferable forms and
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configurations described above may be collectively referred
to as “the first aspect or the like of the present disclosure”.
The display device or the light emitting device according to
the second aspect of the present disclosure including various
preferable configurations described above may be collec-
tively referred to as “the second aspect or the like of the
present disclosure”. Furthermore, the display device accord-
ing to the first or second aspect of the present disclosure
including various preferable forms and configurations
described above may be collectively referred to as “the
display device or the like of the present disclosure”. The
light emitting device according to the first or second aspect
of the present disclosure including various preferable forms
and configurations described above may be collectively
referred to as “the light emitting device or the like of the
present disclosure”.

[0070] In the present disclosure, in a defect region, a
laminated structure is in a discontinuous state and an organic
layer is in a discontinuous state. Incidentally, the phrase “a
laminated structure or an organic layer is in a discontinuous
state” means that there is a continuous or discontinuous
break in a part of a projected image of the laminated
structure or the organic layer when the laminated structure
or the organic layer is projected onto a substrate. Such a
defect region is generated, for example, by presence of a
particle (foreign matter) or a protrusion on a first electrode
or formation of a break, a cut portion, or a chip in the first
electrode for some reason. That is, the defect region refers
to a region including a particle (foreign matter) and/or a
protrusion present on the first electrode or a region including
any one of a break, a cut portion, and a chip formed in the
first electrode. Alternatively, the defect region refers to a
region in which a laminated structure is in a nonuniform
state in a lamination direction, a region in which an organic
layer is in a nonuniform state in a thickness direction, or a
region having no structure considered as a design. A region
other than the defect region is a normal region, a region in
which a laminated structure is in a uniform state in a
lamination direction, a region in which an organic layer is in
a uniform state in a thickness direction, and a region having
a structure considered as a design. That is, in the defect
region, the laminated structure is in a discontinuous state.
Alternatively, in the defect region, the organic layer is in a
discontinuous state. Alternatively, the defect region includes
a particle present on the first electrode, a protrusion present
on the first electrode, a break formed in the first electrode,
a cut portion formed in the first electrode, or a chip formed
in the first electrode. Alternatively, in the defect region, the
laminated structure is nonuniform in a lamination direction.
Alternatively, in the defect region, the organic layer is
nonuniform in a thickness direction.

[0071] In the present disclosure, the charge generation
layer or the electrode connection layer is in a high electrical
resistance state or an insulated state in the defect region,
while being in a low electrical resistance state in a region
other than the defect region. The high electrical resistance
state or the insulated state is defined as a state in which a
value of a current flowing between the first electrode and the
second electrode via the defect region is (largely) lower than
a value of a current flowing between the first electrode and
the second electrode via the organic layer. The low electrical
resistance state is defined as a state in which a value of a
current flowing between the first electrode and the second
electrode via the defect region is close to or almost the same
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as a current flowing between the first electrode and the
second electrode via the organic layer (that s, a kind of leak
state). Alternatively, (value of electric resistivity in a high
electrical resistance state or an insulated state)/value of
electric resistivity in a low electrical resistance state)=1x10?
is satisfied.

[0072] In the present disclosure, the first layer constituting
the charge generation layer (for example, a layer for sup-
plying an electron as a first carrier) or the electrode con-
nection layer in the defect region contains CaQ,N, or
CsO, Ny (provided that 1<X<10 and 1<Y<10), but may
further contain, as another atom or another composition,
specifically an alkali metal or an alkaline earth metal,
specifically, lithium (Li), sodium (Na), potassium (K),
rubidium (Rb), strontium (Sr), barium (Ba), radium (Ra),
and the like, and may contain beryllium (Be), magnesium
(Mg), and the like. In addition, specific examples of the
composition of the first layer constituting the charge gen-
eration layer or the electrode connection layer in a region
other than the defect region include Ca, Li, Cs, CaLiF_,
CsLiF,, Cali, CsLi, and a composition in which a material
constituting the organic layer and any of these compositions
are mixed together. The second layer constituting the charge
generation layer (for example, a layer for supplying a hole
as a second carrier) contains a charge transfer complex
typified by, for example, HAT6CN or the like. Alternatively,
examples thereof include a conductive polymer such as
polyaniline, polythiophene, polypyrrole, polyphenylenevi-
nylene, polythienylenevinylene, polyquinoline, polyqui-
noxaline, a derivative thereof, or a polymer containing an
aromatic amine structure in a main chain or a side chain
(specifically, for example, oligoaniline and polydioxythio-
phene such as poly (3,4-ethylenedioxythiophene) (PE-
DOT)), metal phthalocyanine (copper phthalocyanine or the
like), carbon and the like. The thickness of the charge
generation layer or the electrode connection layer in a region
other than the defect region is 1x10™° m to 5x10~® m, and the
thickness of the charge generation layer or the electrode
connection layer in the defect region is 1x10™° m to 5x107®
m

[0073] Examples of a method for forming the charge
generation layer or the electrode connection layer include a
film formation method with a good coverage property.
Specific examples thereof include an oblique vapor deposi-
tion method and vapor deposition with a plurality of vapor
deposition sources at different positions. Alteratively, a
coverage state can be improved by a film formation atmo-
sphere or a heating condition while a film of the charge
generation layer or the electrode connection layer is formed
on the basis of a vapor deposition method. The coverage
state can be improved by heating a film or causing a current
to flow between the first electrode and the second electrode
after film formation. The coverage state can be improved by
controlling rectilinearity of vapor deposition particles by
collimation.

[0074] Examples of a method for forming the organic
layer include a physical vapor deposition method (PVD
method) such as a vacuum vapor deposition method; a
printing method such as a screen printing method or an
inkjet printing method; a laser transfer method in which an
organic layer on a laser absorption layer is separated by
irradiating a laminated structure of the laser absorption layer
and the organic layer formed on a transfer substrate with a
laser and the organic layer is transferred; and various coating
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methods. In a case where the organic layer is formed on the
basis of the vacuum vapor deposition method, for example,
using a so-called metal mask, the organic layer can be
obtained by depositing a material that has passed through an
opening disposed in the metal mask, or the organic layer
may be formed on the entire surface without patterning.

[0075] 1In the present disclosure, a substrate includes a first
substrate, a driving circuit formed in the first substrate (or on
the first substrate), and an interlayer insulation layer cover-
ing the first substrate and the driving circuit. The driving
circuit drives a light emitting element and a light emitting
portion. The first electrode is formed on the interlayer
insulation layer, and the driving circuit is connected to the
first electrode via a contact hole formed in the interlayer
insulation layer. A second substrate is disposed above the
light emitting element or the light emitting portion. For
example, a protective film and a sealing layer are formed
between the second electrode and the second substrate.

[0076] In the present disclosure, a top emission type
display device or light emitting device that emits light from
the second substrate or a bottom emission type display
device or light emitting device that emits light from the first
substrate may be used. In addition, the display device or the
like of the present disclosure includes a plurality of light
emitting elements, and each of the light emitting elements
constitutes a sub-pixel or a pixel. The light emitting element
or the light emitting portion can be constituted by an organic
EL element.

[0077] Incidentally, in a case where the second aspect or
the like of the present disclosure adopts the top emission
type, it is only required to form an electrode connection
layer between the laminated structure or the organic layer
and the second electrode. In addition, in a case where the
second aspect or the like of the present disclosure adopts the
bottom emission type, it is only required to form an elec-
trode connection layer between the laminated structure or
the organic layer and the first electrode.

[0078] In the first aspect or the like of the present disclo-
sure, the laminated structure is constituted by at least two
organic layers that emit different colors. In this case, light
emitted from the organic layer may be white. Specifically,
the laminated structure may have three layers of a red light
emitting organic layer that emits red light (wavelength: 620
nm to 750 nm), a green light emitting organic layer that
emits green light (wavelength: 495 nm to 570 nm), and a
blue light emitting organic layer that emits blue light (wave-
length: 450 nm to 495 nm), and emits white light as a whole.
A charge generation layer is formed between the red light
emitting organic layer and the green light emitting organic
layer, and a charge generation layer is also formed between
the green light emitting organic layer and the blue light
emitting organic layer. Alternatively, the laminated structure
may have two layers of a blue light emitting organic layer
that emits blue light and a yellow light emitting organic layer
that emits yellow light, and emits white light as a whole. A
charge generation layer is formed between the blue light
emitting organic layer and the yellow light emitting organic
layer. Alternatively, the laminated structure may have two
layers of a blue light emitting organic layer that emits blue
light and an orange light emitting organic layer that emits
orange light, and emits white light as a whole. A charge
generation layer is formed between the blue light emitting
organic layer and the orange light emitting organic layer.
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[0079] 1In addition, in the display device according to the
first aspect of the present disclosure, such a white light
emitting element that emits white light includes a red color
filter layer to constitute a red light emitting element, the
white light emitting element includes a green color filter
layer to constitute a green light emitting element, and the
white light emitting element includes a blue color filter layer
to constitute a blue light emitting element. One pixel is
constituted by a red light emitting element, a green light
emitting element, and a blue light emitting element. In some
cases, one pixel may be constituted by a red light emitting
element, a green light emitting element, a blue light emitting
element, and a light emitting element that emits white light
(or a light emitting element that emits complementary color
light).

[0080] Alternatively, in the first aspect or the like of the
present disclosure, the laminated structure may have at least
two organic layers that emit light of the same color. That is,
the first organic layer and the second organic layer may have
the same configuration.

[0081] In the display device according to the second
aspect of the present disclosure, one pixel may be consti-
tuted by three sub-pixels (light emitting elements) of a
sub-pixel having a red light emitting organic layer and
constituted by a light emitting element that emits red light,
a sub-pixel having a green light emitting organic layer and
constituted by a light emitting element that emits green light,
and a sub-pixel having a blue light emitting organic layer
and constituted by a light emitting element that emits blue
light. Alternatively, one pixel may be constituted by four
sub-pixels (light emitting elements) of these three sub-pixels
and a sub-pixel constituted by a light emitting element that
emits white light (or a light emitting element that emits
complementary color light).

[0082] The organic layer includes a light emitting layer
including an organic light emitting material. Specifically, for
example, the organic layer may be constituted by a lami-
nated structure of a hole transport layer, a light emitting
layer, and an electron transport layer, a laminated structure
of a hole transport layer and a light emitting layer serving
also as an electron transport layer, a laminated structure of
a hole injection layer, a hole transport layer, a light emitting
layer, an electron transport layer, and an electron injection
layer or the like. The light emitting element or the light
emitting portion includes a single organic layer that emits a
single color (the second aspect or the like of the present
disclosure) or a plurality of organic layers that emits a
plurality of colors or a single color (the first aspect or the like
of the present disclosure). In addition, in the latter case, for
example, a laminated structure or a light emitting portion
that emits white light as a whole can be obtained. However,
there is a case where it cannot be clearly recognized that a
light emitting layer is constituted by a plurality of light
emitting layers.

[0083] As described above, an insulating or conductive
protective film is preferably disposed on the second elec-
trode, that is, between the second electrode and the sealing
layer in order to prevent moisture from reaching the organic
layer. The protective film is preferably formed particularly
on the basis of a film formation method in which the energy
of film formation particles is small, such as a vacuum vapor
deposition method, or a film formation method such as a
CVD method or an MOCVD method because an influence
on a base can be reduced. Alternatively, in order to prevent
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reduction in brightness due to deterioration of the organic
layer, a film formation temperature is desirably set to room
temperature. Furthermore, in order to prevent peeling of the
protective film, the protective film is desirably formed under
a condition minimizing a stress of the protective film. In
addition, the protective film is preferably formed without
exposure of an already formed electrode to the atmosphere.
As aresult, deterioration of the organic layer due to moisture
or oxygen in the atmosphere can be prevented. Furthermore,
in the top emission type, the protective film is desirably
constituted by a material that transmits light generated in the
organic layer by, for example, 80% or more. Specific
examples of the material include an inorganic amorphous
insulating material such as the following materials. Such an
inorganic amorphous insulating material does not generate
grains, and therefore has low water permeability and con-
stitutes a good protective film. Specifically, as a material
constituting the protective film, a material that is transparent
to light emitted from the light emitting layer, is dense, and
does not transmit moisture is preferably used. More specific
examples of the material include amorphous silicon (t-Si),
amorphous silicon carbide (a-SiC), amorphous silicon
nitride (a-Si; N,), amorphous silicon oxide (-1, ,0,),
amorphous carbon (a-C), amorphous silicon oxide/nitride
(a-SiON), and Al,O,. In a case where the protective film is
constituted by a conductive material, the protective film is
only required to be constituted by a transparent conductive
material such as ITO or IZ0.

[0084] As described above, the protective film and the
second substrate are joined by the sealing layer. Examples of
a material constituting the sealing layer include a thermo-
setting adhesive such as an acrylic adhesive, an epoxy-based
adhesive, a urethane-based adhesive, a silicone-based adhe-
sive, or a cyanoacrylate-based adhesive, and an ultraviolet
curable adhesive.

[0085] In the top emission type display device, a color
filter layer may be formed between the sealing layer and the
second substrate. The bottom emission type display device
may adopt an on-chip color filter (OCCF) structure in which
acolor filter layer is disposed on the first substrate. The color
filter layer is constituted by a resin to which a coloring agent
containing a desired pigment or dye is added. By selecting
a pigment or a dye, adjustment is performed such that light
transmittance in a target wavelength range of red, green,
blue, or the like is high, and light transmittance in the other
wavelength ranges is low. For a light emitting element that
emits white light, it is only required to dispose a transparent
filter layer. A light shielding layer (black matrix layer) may
be formed between a color filter and a color filter. For
example, the light shielding layer is constituted by a black
resin film (specifically, including a black polyimide resin,
for example) having an optical density of 1 or more, mixed
with a black coloring agent, or a thin film filter using
interference of a thin film. The thin film filter is formed by
laminating two or more thin films including metal, metal
nitride, or metal oxide, for example, and attenuates light by
utilizing interference of a thin film. Specific examples of the
thin film filter include a thin film filter obtained by alter-
nately laminating Cr and chromium(I1I) oxide (Cr,O,).

[0086] As described above, for example, the first electrode
is disposed on the interlayer insulation layer. In addition, this
interlayer insulation layer covers a driving circuit formed on
the first substrate (or in the first substrate). The driving
circuit is constituted by one or more transistors (for example,
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MOSFETs or TFTs). The transistors are electrically con-
nected to the first electrode via a contact hole (contact plug)
disposed in the interlayer insulation layer. The driving
circuit can have a known circuit configuration. As a con-
stituent material of the interlayer insulation layer, an SiO,-
based material such as SiO,, BPSG, PSG, BSG, AsSG,
PbSG, SOG (spin on glass), low melting point glass, or glass
paste; an SiN-based material including an SiON-based mate-
rial, or an insulating resin such as an acrylic resin or a
polyimide resin can be used singly or in combination thereof
appropriately. For forming the interlayer insulation layer, a
known process such as a CVD method, a coating method, a
sputtering method, or various printing methods can be used.

[0087] A structure may be adopted in which an insulation
layer is formed on the interlayer insulation layer and the first
electrode, an opening is formed in the insulation layer on the
first electrode, and the first electrode is exposed to a bottom
of the opening. The organic layer is formed over the insu-
lation layer from above the first electrode exposed to a
bottom of the opening. Alternatively, the insulation layer
may be formed on the interlayer insulation layer exposed
between the first electrode and the first electrode. The
organic layer is formed over the insulation layer from above
the first electrode. The insulation layer may be constituted
by a material constituting the above interlayer insulation
layer. The material constituting the insulation layer and the
material constituting the interlayer insulation layer may be
the same as or different from each other.

[0088] The first substrate or the second substrate may be
constituted by a high strain point glass substrate, a soda glass
(Na,0.Ca0.510,) substrate, a borosilicate glass (Na,O.
B,0,.810,) substrate, a forsterite (2MgO.(8i0,) substrate, a
lead glass (Na,O.PbO.SiO,) substrate, various glass sub-
strates each having an insulating film formed on a surface
thereof, a quartz substrate, a quartz substrate having an
insulating film formed on a surface thereof, a silicon semi-
conductor substrate, or an organic polymer such as polym-
ethyl methacrylate (PMMA), polyvinyl alcohol (PVA),
polyvinyl phenol (PVP), polyether sulfone (PES), polyim-
ide, polycarbonate, or polyethylene terephthalate (PET)
(having a form of a polymer material such as a plastic film,
a plastic sheet, or a plastic substrate constituted by a polymer
material and having flexibility). Materials constituting the
first substrate and the second substrate may be the same as
or different from each other. However, in a case where light
is emitted via the second substrate, the second substrate is
required to be transparent with respect to light from a light
emitting element or the like. In a case where light is emitted
via the first substrate, the first substrate is required to be
transparent with respect to light from a light emitting
element or the like.

[0089] In the present disclosure, it is only required to
cause the first electrode to function as an anode electrode in
a case where the top emission type is adopted, and it is only
required to cause the second electrode to function as an
anode electrode in a case where the bottom emission type is
adopted. In addition, in a case where the first electrode or the
second electrode is caused to function as an anode electrode,
examples of a material constituting the first or second
electrode include aluminum (Al) and an alloy containing
aluminum, and a metal having a high work function, such as
platinum (Pt), gold (Au), silver (Ag), chromium (Cr),
molybdenum (Mo), titanium (T1i), tungsten (W), nickel (Ni),
copper (Cu), iron (Fe), cobalt (Co), or tantalum (Ta), or an
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alloy thereof (for example, an Ag—Pd—Cu alloy containing
silver as a main component and containing 0.3% by mass to
1% by mass of palladium (Pd) and 0.3% by mass to 1% by
mass of copper (Cu), an Al—Nd alloy, or an Al—Ni alloy).
The thickness of the anode electrode may be 0.1 umto 1 pum,
for example. Alternatively, the material constituting the first
or second electrode may be a transparent conductive mate-
rial having excellent hole injection characteristics, such as
an oxide of indium and tin (ITO) or an oxide of indium and
zine (IZ0), or may have a structure obtained by laminating
a transparent conductive material having excellent hole
injection characteristics, such as an oxide of indium and tin
(ITO) or an oxide of indium and zinc (IZ0) on a dielectric
multilayer film or a reflective film having high light reflec-
tivity, including aluminum (Al) or the like.

[0090] Meanwhile, it is only required to cause the second
electrode to function as a cathode electrode in a case where
the top emission type is adopted, and it is only required to
cause the first electrode to function as a cathode electrode in
a case where the bottom emission type is adopted. Light is
emitted to an outside via the cathode electrode. In addition,
in a case where the first electrode or the second electrode is
caused to function as a cathode electrode, the first electrode
or the second electrode is desirably constituted by a con-
ductive material (a semi-light transmitting material or a light
transmitting material) having a small work function value so
as to be able to transmit emitted light and inject an electron
into an organic layer efficiently. Examples thereof include a
metal having a small work function and an alloy thereof,
such as aluminum (Al), silver (Ag), magnesium (Mg),
calcium (Ca), sodium (Na), strontium (Sr), an alkali metal or
an alkaline earth metal and silver (Ag) [for example, an alloy
of magnesium (Mg) and silver (Ag) (Mg—Ag alloy)], an
alloy of magnesium-calcium (Mg—Ca alloy), or an alloy of
aluminum (Al) and lithium (Li) (Al—Li alloy). Among
these metals and alloys, an Mg—Ag alloy is preferable, and
a volume ratio between magnesium and silver may be
Mg:Ag=5:1 to 30:1, for example. Alternatively, as a volume
ratio between magnesium and calcium may be Mg:Ca=2:1
to 10:1, for example. The thickness of the cathode electrode
may be 4 nm to 50 nm, preferably 4 nm to 20 nm, and more
preferably 6 nm to 12 nm, for example. A bus electrode
(auxiliary electrode) including a low resistance material
such as aluminum, an aluminum alloy, silver, a silver alloy,
coppet, a copper alloy, gold, or a gold alloy may be disposed
in the cathode electrode to reduce resistance as the whole
cathode electrode,

[0091] In addition, in the second aspect or the like of the
present disclosure, the cathode electrode may be constituted
by a so-called transparent electrode (for example, thickness:
3x107® m 10 1x107% m) including indium oxide, indium-tin
oxide (ITO, including Sn-doped In,O;, crystalline ITO, and
amorphous ITO), indium zinc oxide (1ZO), indium-gallium
oxide (IGO), indium-doped gallium-zinc oxide (IGZO, In—
GaZnO,), IFO (F-doped In,0,)], ITiO (Ti-doped In,0;),
InSn, InSnZn0, tin oxide (SnO,), ATO (Sb-doped SnO,),
ETO (F-doped Sn0,), zinc oxide (Zn0O), aluminum oxide-
doped zinc oxide (AZ0O), gallium-doped zinc oxide (GZ0),
B-doped ZnO, AlMgZnO (aluminum oxide and magnesium
oxide-doped zinc oxide), or the like. As described above, in
a case where the second aspect or the like of the present
disclosure adopts the top emission type, it is only required
to form an electrode connection layer between the laminated
structure or the organic layer and the second electrode
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(cathode electrode). In addition, in a case where the second
aspect or the like of the present disclosure adopts the bottom
emission type, it is only required to form an electrode
connection layer between the laminated structure or the
organic layer and the first electrode (cathode electrode).

[0092] Examples of a method for forming the first elec-
trode or the second electrode include a combination of a
vapor deposition method including an electron beam vapor
deposition method, a hot filament vapor deposition method,
and a vacuum vapor deposition method, a sputtering
method, a chemical vapor deposition method (CVD
method), an MOCVD method, and an ion plating method
with an etching method; various printing methods such as a
screen printing method, an inkjet printing method, and a
metal mask printing method; a plating method (an electro-
plating method or an electroless plating method); a lift-off
method; a laser ablation method; and a sol-gel method.
According to various printing methods and a plating
method, the first electrode or the second electrode having a
desired shape (pattern) can be formed directly. Note that, in
a case where the second electrode is formed after the organic
layer is formed, the second electrode is preferably formed
particularly on the basis of a film formation method in which
energy of film formation particles is small, such as a vacuum
vapor deposition method, or a film formation method such
as an MOCVD method from a viewpoint of preventing the
organic layer from being damaged. When the organic layer
is damaged, non-light emitting pixels (or non-light emitting
sub-pixels) called “dark spots” due to generation of a leak
current may be generated. In addition, processes from for-
mation of the organic layer to formation of these electrodes
are preferably performed without exposure thereof to the
atmosphere from a viewpoint of preventing deterioration of
the organic layer due to moisture in the atmosphere. In the
display device or the like of the present disclosure, in some
cases, either one of the first electrode and the second
electrode does not have to be patterned, and can be a
so-called common electrode. In principle, patterning of the
first electrode and the second electrode is unnecessary in the
light emitting device or the like of the present disclosure.

[0093] Inthe present disclosure, a resonator structure may
be included in order to further improve a light extraction
efficiency. Specifically, light emitted from a light emitting
layer may be caused to resonate between a first interface
constituted by an interface between the anode electrode (or
a light reflecting layer disposed via the interlayer insulation
film below the anode electrode in a case where the top
emission type is adopted or above the anode electrode in a
case where the bottom emission type is adopted) and the
organic layer and a second interface constituted by an
interface between the cathode electrode and the organic
layer, and a part of the light may be emitted from the cathode
electrode. In addition, if a distance from a maximum emis-
sion position of the light emitting layer to the first interface
is represented by L, an optical distance thereof is repre-
sented by OL,, a distance from the maximum emission
position of the light emitting layer to the second interface is
represented by L,, an optical distance thereof is represented
by OL,, and m;, and m, each represent an integer, the
following formulas (1-1), (1-2), (1-3). and (1-4) are satisfied.

0.7{~-®/(2n)+m }<2xOL | /he1.2{-D /2m)+m, } (1-1)

0.7{~®,/(2a)+m, }=2x OL/hs1.2{~ D/ 2m)+m, } (1-2)
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Li<L, (1-3)
my<m, (1-4)
Herein,
[0094] A: Maximum peak wavelength of spectrum of light

generated in light emitting layer (or desired wavelength
among wavelengths of light generated in light emitting
layer)

[0095] @,: Phase shift amount (unit: radian) of light
reflected on first interface

[0096] Provided that —2x<® <0 is satisfied.

[0097] @,: Phase shift amount (unit: radian) of light
reflected on second interface

[0098] Provided that —-2m<®,=<0 is satisfied.

[0099] Herein, m;=0 and m,=1 that can maximize a light
extraction efficiency can be satisfied.

[0100] Note that the distance L, from the maximum emis-
sion position of the light emitting layer to the first interface
means an actual distance (physical distance) from the maxi-
mum emission position of the light emitting layer to the first
interface and the distance L, from the maximum emission
position of the light emitting layer to the second interface
means an actual distance (physical distance) from the maxi-
mum emission position of the light emitting layer to the
second interface. In addition, the optical distance is also
called an optical path length, and generally means nx. when
a light ray passes through a medium having a refractive
index n for a distance L. The same applies to the following
description. Therefore, if an average refractive index of the
organic layer (or organic layer and interlayer insulation film)
is represented by n,,,, there is a relationship of

ave’

OL =L xn,,, and

OL,=L,xn

ave®

Herein, the average refractive index n,,, is obtained by
summing up a product of the refractive index and the
thickness of each layer constituting the organic layer (or the
organic layer and the interlayer insulation film), and dividing
the resulting sum by the thickness of the organic layer (or the
organic layer and the interlayer insulation film).

[0101] The first electrode, the second electrode, and the
light reflecting layer absorb a part of incident light and
reflect the rest. Therefore, a phase shift occurs in the
reflected light. The phase shift amounts @1 and @, can be
determined by measuring values of a real number part and
an imaginary number part of a complex refractive index of
a material constituting the first electrode, the second elec-
trode, and the light reflecting layer, for example, using an
ellipsometer, and performing calculation based on these
values (refer to, for example, “Principles of Optic”, Max
Born and Emil Wolf, 1974 (PERGAMON PRESS)). Note
that the refractive index of the organic layer, the interlayer
insulation film, or the like can also be determined by
measurement with an ellipsometer.

[0102] As described above, in an organic EL display
device having a resonator structure, actually, a red light
emitting element constituted by inclusion of a red color filter
layer in a white light emitting element causes red light
emitted from the light emitting layer to resonate, and emits
reddish light (light having a light spectrum peak in a red
region) from the cathode electrode. In addition, the green
light emitting element constituted by inclusion of a green
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color filter layer in a white light emitting element causes
green light emitted from the light emitting layer to resonate,
and emits greenish light (light having a light spectrum peak
in a green region) from the cathode electrode. Furthermore,
the blue light emitting element constituted by inclusion of a
blue color filter layer in a white light emitting element
causes blue light emitted from the light emitting layer to
resonate, and emits blueish light (light having a light spec-
trum peak in a blue region) from the cathode electrode. That
is, it is only required to design each of the light emitting
elements by determining a desired wavelength A (specifi-
cally, wavelengths of red light, green light, and blue light)
among wavelengths of light generated in the light emitting
layer and determining various parameters such as OL, and
OL, in each of the red light emitting element, the green light
emitting element, and the blue light emitting element on the
basis of formulas (1-2), (1-2), (1-3), and (1-4).

[0103] Examples of a material constituting the light
reflecting layer include aluminum, an aluminum alloy (for
example, Al—Nd), a Ti/Al laminated structure, chromium
(Cr), silver (Ag), and a silver alloy (for example, Ag—Pd—
Cu or Ag—Sm—Cu). The light reflecting layer can be
formed, for example, by a vapor deposition method includ-
ing an electron beam vapor deposition method, a hot fila-
ment vapor deposition method, and a vacuum vapor depo-
sition method, a sputtering method, a CVD method, and an
ion plating method; a plating method (an electroplating
method or an electroless plating method); a lift-off method;
a laser ablation method; a sol-gel method or the like.

[0104] The interlayer insulating film may be constituted,
for example, by a material constituting the above interlayer
insulation layer.

[0105] In an organic EL display device, the thickness of a
hole transport layer (hole supply layer) and the thickness of
an electron transport layer (electron supply layer) are desir-
ably substantially equal to each other. Alternatively, the
thickness of the electron transport layer (electron supply
layer) may be larger than that of the hole transport layer
(hole supply layer). As a result, an electron can be supplied
sufficiently to the light emitting layer in an amount necessary
for a high efliciency at a low driving voltage. That is, by
disposing a hole transport layer between the anode electrode
and the light emitting layer, and forming the hole transport
layer with a film having a film thickness smaller than the
electron transport layer, supply of holes can be increased. In
addition, this makes it possible to obtain a carrier balance
with no excess or deficiency of holes and electrons and a
sufficiently large carrier supply amount. Therefore, a high
emission efficiency can be obtained. In addition, due to no
excess or deficiency of holes and electrons, the carrier
balance hardly collapses, drive deterioration is suppressed,
and an emission lifetime can be prolonged.

[0106] In the display device or the like of the present
disclosure, in a form in which one pixel (or sub-pixel) is
constituted by one light emitting element (display element),
examples of arrangement of a pixel (or sub-pixel) include
stripe arrangement, diagonal arrangement, delta arrange-
ment, and rectangle arrangement although not being limited
thereto. In addition, in a form in which one pixel (or
sub-pixel) is constituted by assembly of a plurality of light
emitting elements (display elements), examples of arrange-
ment of a pixel (or sub-pixel) include stripe arrangement
although not being limited thereto.
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[0107] On an outermost light emitting surface of the
display device or the light emitting device (outer surface of
the first substrate or the second substrate), an ultraviolet
absorbing layer, a contamination preventing layer, a hard
coat layer, or an antistatic layer may be formed, or a
protective member may be disposed.

[0108] The display device or the like of the present
disclosure can be used, for example, as a monitor device
constituting a personal computet, or a monitor device incor-
porated in a television receiver, a mobile phone, a personal
digital assistant (PDA), or a game machine. Alternatively,
the display device or the like of the present disclosure can be
applied to an electronic view finder (EVF) or a head
mounted display (HMD). Alternatively, the display device or
the like of the present disclosure can constitute electronic
paper such as an electronic book or electronic newspaper, a
bulletin board such as a signboard, a poster, or a blackboard,
rewritable paper substituted for printer paper, a display unit
of a home appliance, a card display unit of a point card or
the like, an electronic advertisement, or an image display
device in an electronic POP. The light emitting device of the
present disclosure can constitute various lighting devices
including a backlight device for a liquid crystal display
device and a planar light source device.

Example 1

[0109] Example 1 relates to a display device (specifically,
organic EL display device) according to the first aspect of
the present disclosure. FIG. 1 illustrates a schematic partial
cross-sectional view of the display device of Example 1. In
addition, FIG. 2 illustrates a schematic partial cross-sec-
tional view enlarging a light emitting element including a
defect region and a normal region in the display device of
Example 1, and FIG. 3 illustrates a schematic partial cross-
sectional view enlarging a light emitting element including
a defect region and a normal region in a conventional display
device. Furthermore, FIG. 4A and FIG. 4B illustrate con-
ceptual diagrams of laminated structures. FIG. 1 illustrates
only a light emitting element including no defect region. The
display device of Example 1 or the display device of
Example 2 or 3 described below is an active matrix type
display device of color display, and is a top emission type
display device. That is, light is emitted via the second
substrate.

[0110] Thedisplay device of Example 1 is a display device
having light emitting elements (specifically, organic EL
elements) 10 arranged in a two-dimensional matrix. In
addition, each of the light emitting elements 10 includes (A)
a first electrode 51 formed on a substrate, (B) a laminated
structure 70 formed on the first electrode 51, and (C) a
second electrode 52 formed on the laminated structure 70.
[0111] Specifically, the display device of Example 1 or a
display device of Example 2 or 3 described below includes
a first substrate 11, a second substrate 12, and a plurality of
light emitting elements (display elements) 10 located
between the first substrate 11 and the second substrate 12
and arranged in a two-dimensional matrix, and emits light
via the second substrate 12. Alternatively, in another expres-
sion, the display device of Example 1 or the display device
of Example 2 or 3 described below includes the first sub-
strate 11, the second substrate 12, and an image display unit
13 sandwiched by the first substrate 11 and the second
substrate 12. In the image display unit 13, the plurality of
light emitting elements 10 is arranged in a two-dimensional

Sep. 13,2018

matrix. Organic EL elements which are light emitting ele-
ments are arranged in a two-dimensional matrix in a first
direction and a second direction extending in a direction
orthogonal to the first direction.

[0112] In addition, in the display device of Example 1, the
laminated structure 70 is formed by laminating:

[0113] in the following order from the first electrode 51
side, at least
[0114] (B-1) a first organic layer 71 including a first light

emitting layer 71A containing an organic light emitting
material;

[0115] (B-2) a charge generation layer 74 in which a first
layer 74A into which a first carrier is injected and a second
layer 74B into which a second carrier is injected are lami-
nated; and

[0116] (B-3) a second organic layer 72 including a second
light emitting layer 72 A containing an organic light emitting
material. By disposing the charge generation layer, the light
emitting layer can emit light more efficiently.

[0117] Incidentally, in the display device of Example 1,
the laminated structure 70 is more specifically formed by
laminating:

[0118] in the following order from the first electrode 51
side,
[0119] the first organic layer 71 including the first light

emitting layer 71A containing an organic light emitting
material;

[0120] the first charge generation layer 74 in which the
first layer 74A into which a first carrier is injected and the
second layer 74B into which a second carrier is injected are
laminated;

[0121] the second organic layer 72 including the second
light emitting layer 72 A containing an organic light emitting
material;

[0122] asecond charge generation layer 75 in which a first
layer 75A into which a first carrier is injected and a second
layer 75B into which a second carrier is injected are lami-
nated; and

[0123] a third organic layer 73 including a third light
emitting layer 73A containing an organic light emitting
material.

[0124] In the following description, the charge generation
layer may be simply referred to as “charge generation layer
74” for description on the basis of the first charge generation
layer 74. However, the second charge generation layer 75
also has the same configuration and structure as the first
charge generation layer 74. In addition, in FIGS. 2 and 3, the
second charge generation layer 75 and the third organic layer
73 are not illustrated for simplification of the drawing.
[0125] In the display device of Example 1 or the display
device of Example 2 or 3 described below, a protective film
14 and a sealing layer (sealing resin layer) 15 are disposed
above the second electrode 52, that is, between the second
electrode 52 and the second substrate 12. The insulating or
conductive protective film 14 is disposed in order to prevent
moisture from reaching the laminated structure 70 or an
organic layer 170 described below, and specifically contains
an SiO,-based material or an SiN-based material, for
example. The protective film 14 is bonded to the second
substrate 12 via the sealing layer (sealing resin layer) 15
including, for example, an acrylic adhesive or an epoxy-
based adhesive. A color filter layer CF is formed between the
sealing layer 15 and the second substrate 12. A light shield-
ing layer (black matrix layer) BM is formed between a color
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filter layer CF and a color filter layer CF. The color filter
layer CF and the light shielding layer BM are formed in
contact with the second substrate 12.

[0126] In addition, in the display device of Example 1, as
illustrated in FIG. 2, in a defect region 81, the laminated
structure 70 is in a discontinuous state or in a nonuniform
state in a lamination direction. In addition, in a light emitting
element including the defect region 81, the charge genera-
tion layer 74 is in a high electrical resistance state or an
insulated state in the defect region 81, while being in a low
electrical resistance state in a region other than the defect
region 81 (region in which the laminated structure 70 is in
a uniform state in a lamination direction, referred to as a
“normal region 82”). Specifically, the first layer 74A of the
charge generation layer 74 in the defect region 81 is in a high
electrical resistance state or an insulating state, and this
region of the first layer 74A is indicated by reference
numeral 74A’. In addition, the region of the first layer 74A
in a low electrical resistance state in the normal region 82 is
indicated by reference numeral 74A". The first layer 74A
(region 74A") of the charge generation layer 74 in the defect
region 81 extends to the first electrode 51.

[0127] Meanwhile, in a conventional display device, as
illustrated in F1G. 3, in a light emitting element including the
defect region 81 in which the laminated structure 70 is in a
discontinuous state or in a nonuniform state in a lamination
direction, a charge generation layer 174 including a first
layer containing LiF having conductivity extends to the first
electrode 51, and a short circuit occurs between the charge
generation layer 174 and the first electrode 51. Note that a
first layer 174A of the charge generation layer 174 in the
defect region 81 is in a low electrical resistance state, and
this region of the first layer 74A is indicated by reference
numeral 174A’. In addition, the region of the first layer 174A
in a low electrical resistance state in the normal region 82 is
indicated by reference numeral 174A". Such a short circuit
caused between the charge generation layer 174 and the first
electrode 51 causes deterioration of an image quality, such
as color unevenness or color shift, as described above.

[0128] In the display device of Example 1, the first elec-
trode 51 constitutes an anode electrode and the second
electrode 52 constitutes a cathode electrode. In addition, the
first carrier is an electron and the second carrier is a hole. In
addition, the first layer (for example, a layer for supplying an
electron as the first carrier) 74A constituting the charge
generation layer 74 is constituted by a material containing an
alkali metal or an alkaline earth metal. Specifically, the first
layer (region 74A") constituting the charge generation layer
74 in the defect region 81 contains CaO,N; or CsO,N,-
(provided that 1<X<10 and 1<Y<10). Meanwhile, the com-
position of the first layer (region 74A") counstituting the
charge generation layer 74 in a region (normal region 82)
other than the defect region 81 is different from that of the
first layer (region 74A") constituting the charge generation
layer 74 in the defect region 81. More specifically, in
Example 1, the first layer (region 74A") contains a material
in which CaLiF, and a material constituting the organic layer
are mixed together, and is a conductive composition. Mean-
while, the first layer (region 74A") contains CaO4N,, further
contains a substance constituting the first layer (region
74A"), and is in a high resistance state or in an insulated state
as a whole due to presence of CaO,Nj;. The second layer
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74B (for example, a layer for supplying a hole as the second
carrier) constituting the charge generation layer 74 includes
HAT6CN.

[0129] Furthermore, the thickness of the charge generation
layer 74 in a region (normal region 82) other than the defect
region 81 is larger than that of the charge generation layer
74 in the defect region 81. Specifically, the thickness of the
charge generation layer 74 in the defect region 81 is 5 nm or
more, and the thickness of the charge generation layer 74 in
a region (normal region 82) other than the defect region 81
is 10 nm or more (more specifically, for example, 20 nm).
[0130] In the display device of Example 1, one pixel is
constituted by three sub-pixels (three light emitting ele-
ments) of a red display sub-pixel SP, (red light emitting
element 10R), a green display sub-pixel SP (green light
emitting element 10G), and a blue display sub-pixel SP,
(blue light emitting element 10B). The second substrate 12
includes color filter layers CF, CF, and CF. Each color
light emitting sub-pixel is constituted by a light emitting
element (organic EL element) that emits white light and
includes the color filter layers CF, CF s, and CFy. That is,
the laminated structure 70 itself emits white light as a whole.
The red light emitting element (red display element) 10R,
the green light emitting element (green display element)
10G, and the blue light emitting element (blue display
element) 10B have the same configuration and structure
except for the color filter layer CF. In addition, as described
above, the light shielding layer (black matrix layer) BM is
disposed between the color filter layer CF and the color filter
layer CF. The number of pixels is, for example, 1920x1080.
One of the light emitting elements 10 constitutes one sub-
pixel, and the number of light emitting elements (specifi-
cally, organic EL elements) 10 is three times the number of
pixels.

[0131] In the display device of Example 1 or the display
device of Example 2 or 3 described below, the first electrode
51 functions as an anode electrode, and the second electrode
52 functions as a cathode electrode. Each of the first
substrate 11 and the second substrate 12 contains a glass
substrate. The first electrode 51 is formed on the basis of a
combination of a vacuum vapor deposition method and an
etching method. A film of the second electrode 52 is formed
particularly by a film formation method in which film
formation particles have small energy, such as a vacuum
vapor deposition method, and is not patterned. The lami-
nated structure 70 or the organic layer 170 described below
is not patterned. In the display device of Example 1 or the
display device of Example 2 described below, the first
electrode 51 includes a light reflecting material, specifically,
an Al-—Nd alloy or an A1—Ni alloy. In the display device of
Example 1, the second electrode 52 includes an Mg—Ag
alloy.

[0132] In the display device of Example 1 or the display
device of Example 2 or 3 described below, the first electrode
51 is formed on a substrate. The substrate includes the first
substrate 11, a driving circuit formed on the first substrate,
and an interlayer insulation layer 40 covering the first
substrate and the driving circuit. More specifically, the first
electrode 51 is disposed on the interlayer insulation layer 40
including SiON and formed on the basis of a CVD method.
In addition, the interlayer insulation layer 40 covers an
organic EL element driving unit formed on the first substrate
11. The organic EL element driving unit is constituted by a
plurality of TFTs (thin film transistors) 20. The TETs 20 are
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electrically connected to the first electrode 51 via a contact
plug 26 disposed in the interlayer insulation layer 40. An
actual light emitting portion of the laminated structure 70 or
the organic layer 170 described below is surrounded by an
insulation layer 60 including Si0,. Note that, in the draw-
ings, one TFT 20 is illustrated for one organic EL element
driving unit.

[0133] The TFT 20 is constituted by a gate electrode 21
formed on the first substrate 11, a gate insulation layer 22
formed on the first substrate 11 and the gate electrode 21, a
source/drain region 24 formed on the gate insulation layer
22, and a channel formation region 23 formed between the
source/drain regions 24 so as to face the gate electrode 21.

[0134] In the display device of Example 1, the laminated
structure 70 including a light emitting layer containing an
organic light emitting material is disposed as a continuous
layer common to all the pixels. The laminated structure 70
that generates white light by color mixing includes: in order
from the first electrode side, for example,

[0135] [A] the first organic layer 71 constituted by a
laminated structure obtained by laminating a hole injection
layer, a hole transport layer, a light emitting layer (specifi-
cally, a first light emitting layer 71A as a red light emitting
layer), and an electron transport layer;

[0136] [C] the second organic layer 72 constituted by a
laminated structure obtained by laminating a hole injection
layer, a hole transport layer, a light emitting layer (specifi-
cally, a second light emitting layer 72A as a green light
emitting layer), and an electron transport layer; and

[0137] [E] the third organic layer 73 constituted by a
laminated structure obtained by laminating a hole injection
layer, a hole transport layer, a light emitting layer (specifi-
cally, a third light emitting layer 73A as a blue light emitting
layer), and an electron transport layer. In addition,

[0138] [B] the first charge generation layer 74 is formed
between the first organic layer 71 and the second organic
layer 72, and

[0139] [D] the second charge generation layer 75 is
formed between the second organic layer 72 and the third
organic layer 73.

[0140] The hole injection layer injects holes into the hole
transport layer, and includes a hexaazatriphenylene deriva-
tive, for example. The hole transport layer transports the
holes injected from the hole injection layer to a light
emitting layer, and includes 4.4',4"-tris(3-methylphenylphe-
nylamino) triphenylamine (m-MTDATA) or ai-naphthylphe-
nyl diamine (aNPD), for example. The red light emitting
layer generates red light utilizing an organic EL phenom-
enon, and 1s formed by mixing 30% by mass of 2,6-bis[(4'-
methoxydiphenylamino)  styryl]-1,5-dicyanonaphthalene
(BSN) with 4,4-bis(2,2-diphenylvinyl) biphenyl (DPVBi),
for example. The green light emitting layer generates green
light utilizing an organic EL phenomenon, and is formed by
mixing 5% by mass of coumarin 6 with DPVBi, for
example. The blue light emitting layer generates blue light
utilizing an organic EL phenomenon, and is formed by
mixing 2.5% by mass of 4,4'-bis[2-{4-(N,N-diphenylamino)
phenyl} vinyl] biphenyl (DPAVBi) with DPVBi, for
example. The electron transport layer transports electrons to
a light emitting layer, and includes 8-hydroxyquinoline
aluminum (Alg3), for example. However, the materials
constituting the layers are illustrative, and are not limited to
these materials.
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[0141] In the display device of Example 1 or Example 2
described below, the light emitting element 10 may have a
resonator structure in which the laminated structure 70 or the
organic layer 170 described below is a resonance portion. In
this case, in order to appropriately adjust a distance from a
light emitting surface to a reflecting surface (specifically, for
example, the first electrode 51 and the second electrode 52),
the thickness of the laminated structure 70 or the organic
layer 170 described below is preferably 8x10~® m or more
and 5x107" m or less, and more preferably 1.5%x1077 m or
more and 3.5x10~7 m or less.

[0142] Hereinafter, an outline of a method for manufac-
turing the display device (organic EL display device) of
Example 1 will be described.

[0143] The second substrate 12 is prepared. Specifically,
the color filter layer CF and the light shielding layer BM are
formed on the second substrate 12 by a known method.
[0144] [Step-100]

[0145] Meanwhile, a light emitting element driving unit is
formed on the first substrate 11 on the basis of a known TFT
manufacturing process, and then the interlayer insulation
layer 40 is formed on the entire surface on the basis of a
CVD method. Then, in a portion of the interlayer insulation
layer 40 located above one of the source/drain regions 24 of
the TFT 20, a connection hole is formed on the basis of
photolithography technology and etching technology. There-
after, a metal layer is formed on the interlayer insulation
layer 40 including the connection hole on the basis of a
sputtering method, for example. Subsequently, the metal
layer is patterned on the basis of photolithography technol-
ogy and etching technology, and the first electrode 51 can be
thereby formed on the interlayer insulation layer 40. In
addition, the contact plug 26 can be formed in the interlayer
insulation layer 40. The first electrode 51 is separated for
each of the light emitting elements. In a small number of
light emitting elements, a first electrode defect portion is
generated by presence of a particle (foreign matter) or a
protrusion on a first electrode or formation of a break, a cut
portion, or a chip in the first electrode for some reason. That
is, the defect region 81 includes a particle present on the first
electrode 51, a protrusion present on the first electrode 51,
a break formed in the first electrode 51, a cut portion formed
in the first electrode 51, or a chip formed in the first electrode
51

[0146] [Step-110]

[0147] Thereafter, the insulation layer 60 including SiO, is
formed on the entire surface on the basis of a CVD method.
Thereafter, an opening 61 is formed in a portion of the
insulation layer 60 located above the first electrode 51 on the
basis of photolithography technology and etching technol-
ogy, and the first electrode 51 is exposed to a bottom of the
opening 61. Examples of a planar shape of the opening 61
include a square shape, a square shape with four corners
rounded, a rectangular shape, a rectangular shape with four
corners rounded, a circular shape, and an elliptical shape.
[0148] [Step-120]

[0149] Thereafter, on a portion of the first electrode 51
exposed at a bottom of the opening 61 and the insulation
layer 60, films of the first organic layer 71, the second
organic layer 72, and the third organic layer 73 of the
laminated structure 70 are formed on the basis of a vacuum
vapor deposition method, and films of the first charge
generation layer 74 and the second charge generation layer
75 are formed on the basis of a co-vapor deposition method
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by vacuum deposition. Subsequently, the second electrode
52 containing an Mg—Ag alloy is formed on the entire
surface of the laminated structure 70 on the basis of, for
example, a vacuum vapor deposition method (co-vapor
deposition method). In this way, films of the laminated
structure 70 and the second electrode 52 can be continuously
formed on the first electrode 51, for example, in a vacuum
atmosphere. Thereafter, the protective film 14 is formed on
the entire surface by a CVD method or a PVD method, for
example. The defect region 81 in which the laminated
structure 70 is in a discontinuous state or in a nonuniform
state in a lamination direction is generated due to a first
electrode defect portion generated in the first electrode 51.
[0150] Incidentally, a lowermost layer of the laminated
structure 70 may be constituted by a charge injection/
transport layer, and at the time of forming the laminated
structure 70, at least a part of the charge injection/transport
layer may be in a discontinuous state (stage-discontinuous
state) at an edge 61A of the opening 61 in the insulation layer
60. That is, the charge injection/transport layer is brought
into a discontinuous state or in a high electrical resistance
state. In addition, as a result, the charge injection/transport
layer is brought into a high electrical resistance state.
Therefore, occurrence of a phenomenon that a leakage
current flows via the charge injection/transport layer
between a first electrode of a certain light emitting element
and a second electrode constituting an adjacent light emit-
ting element can be prevented. Incidentally, specifically, the
charge injection/transport layer may be constituted by a hole
injection layer. In a case where the hole injection layer is not
formed but a hole transport layer is formed, the charge
injection/transport layer may be constituted by the hole
transport layer.

[0151] [Step-130]

[0152] Finally, the protective film 14 and the second
substrate 12 are bonded to each other via the sealing layer
(sealing resin layer) 15. In this way, the display device
illustrated in FIG. 1 can be obtained.

[0153] As a result of presence of many oxygen atoms or
nitrogen atoms in the defect region 81, these oxygen atoms
or nitrogen atoms bond to atoms (for example, Ca) consti-
tuting the charge generation layers 74 and 75 during film
formation of the charge generation layers 74 and 75 or
during subsequent thermal treatment, and the charge gen-
eration layers 74 and 75 (specifically, the first layers 74A and
75A) are oxidized or nitrided in the defect region 81 to
become CaO,Ny. In a light emitting element including the
defect region 81, the charge generation layers 74 and 75 are
brought into a high electrical resistance state or an insulated
state in the defect region 81. Meanwhile, in a region (normal
region 82) other than the defect region, atoms (for example,
Ca) constituting the charge generation layers 74 and 75 are
hardly oxidized or nitrided. Therefore, the charge generation
layers 74 and 75 in the normal region 82 remain in a low
electrical resistance state.

[0154] Therefore, unlike related art, it is possible to reli-
ably prevent a short circuit between the charge generation
layer and the first electrode. A display device having high
reliability, long life, high luminance, high efficiency, and
high display quality can be manufactured without largely
increasing the number of manufacturing steps.

[0155] A first electrode containing aluminum was formed
on a glass substrate. Silica beads corresponding to particles
(foreign matters) were scattered on the first electrode. An
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organic layer was formed on the first electrode containing
the silica beads. A CaLiF, layer, a second electrode contain-
ing an Mg—Ag alloy, and a protective film were sequen-
tially formed on the organic layer. FIG. 10 illustrates a
photograph of a scanning transmission electron microscope
(STEM) of a light emitting element thus obtained and
experimentally manufactured. Note that a “nest” was formed
in a protective film during formation of the protective film.
In addition, FIG. 11 illustrates photographs of an analysis
results of a calcium atom and an analysis results of an
oxygen atom by energy dispersive X-ray spectroscopy
(EDX) in the same field of view as the STEM photograph
illustrated in FIG. 10. From the photographs of F1G. 11, it is
found that not only a calcium atom but also an oxygen atom
is included in a CaLiF, layer located near silica beads. Note
that the photographs of FIG. 11 are not very clear because
of the black-and-white photographs. However, in actual
photographs of analysis results, it was clearly confirmed that
an oxygen atom was present in the CaLiF, layer.

[0156] Incidentally, as illustrated in conceptual diagrams
in FIGS. 5A and 5B, the laminated structure 70 may be
constituted by two layers of a blue light emitting organic
layer and a yellow light emitting organic layer, or two layers
of a blue light emitting organic layer and an orange light
emitting organic layer. The laminated structure may have at
least two organic layers emitting light of the same color.

Example 2

[0157] Example 2 relates to a display device according to
the second aspect of the present disclosure. The display
device of Example 2 is different from Example 1 in the
configuration of the laminated structure. A schematic partial
cross-sectional view of the display device of Example 2 is
substantially similar to that of FIG. 1. As illustrated in a
schematic partial cross-sectional view enlarging a light
emitting element including a defect region and a normal
region in FIG. 6 and conceptual diagrams in FIGS. 7A and
7B, the display device of Example 2 has light emitting
elements 10 arranged in a two-dimensional matrix, each of
the light emitting elements 10 being formed by laminating:
in the following order,

[0158] (A) a first electrode 51 formed on a substrate;
[0159] (B) an organic layer 170 including a light emitting
layer 170A containing an organic light emitting material;
and

[0160] (C)a second electrode 152. In addition, each of the
light emitting elements 10 further includes an electrode
connection layer 90 between the second electrode 152 and
the organic layer 170 or between the first electrode 51 and
the organic layer 170 (specifically, in Example 2, between
the second electrode 152 and the organic layer 170). In a
light emitting element including a defect region 91 in which
the organic layer 170 is in a discontinuous state or in a
nonuniform state in a thickness direction, the electrode
connection layer 90 is in a high electrical resistance state or
an insulated state in the defect region 91, while being in a
low electrical resistance state in a region (normal region 92)
other than the defect region 91. The configuration of the
organic layer 170 is only required to be the same as that of
any one of the first organic layer 71, the second organic layer
72, and the third organic layer 73 in Example 1.

[0161] In the display device of Example 2, as in Example
1, the first electrode 51 constitutes an anode electrode and
the second electrode 152 constitutes a cathode electrode.
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Unlike Example 1, the second electrode 152 includes a
transparent conductive material such as IZO. The electrode
connection layer 90 is constituted by a material containing
an alkali metal or an alkaline earth metal. Specifically, the
electrode connection layer 90 in the defect region 91
includes CaO4N,. or CsONy(provided that 1<X<10 and
1<Y<10). Meanwhile, the composition of the electrode
connection layer 90 in a region (normal region 92) other than
the defect region 91 is different from that of the electrode
connection layer 90 in the defect region 91. More specifi-
cally, in Example 2, a portion 90" of the electrode connection
layer 90 in the defect region 91 contains CaO,N,, and
further contains a material constituting the organic layer.
Presence of CaO,N, brings the entire portion into a high
resistance state or an insulated state. Meanwhile, a portion
90" of the electrode connection layer 90 in the normal region
92 contains CaliF,, further contains a material constituting
the organic layer, and has a conductive composition. The
portion 90' of the electrode connection layer 90 in the defect
region 91 extends to the first electrode 51. Furthermore, the
thickness of the electrode connection layer 90 (thickness of
the portion 90") in a region other than the defect region 91
is larger than the thickness of the electrode connection layer
90 (thickness of the portion 90') in the defect region 91.
Specifically, the thickness of the electrode connection layer
90 (portion 90") in the defect region 91 is 5 nm or more, and
the thickness of the electrode connection layer 90 (portion
90") in a region other than the defect region 91 is 10 nm or
more (more specifically, for example, 20 nm).

[0162] Unlike Example 1, one pixel is constituted by three
sub-pixels (three light emitting elements) of a red display
sub-pixel SP,, (red light emitting element 10R) having a red
light emitting organic layer and constituted by a light
emitting element that emits red light, a green display sub-
pixel SP. (green light emitting element 10G) having a green
light emitting organic layer and constituted by a light
emitting element that emits green light, and a blue display
sub-pixel SP; (blue light emitting element 10B) having a
blue light emitting organic layer and constituted by a light
emitting element that emits blue light. Incidentally, even in
these light emitting elements, color purity can be further
increased by inclusion of a color filter layer.

[0163] Hereinafter, an outline of a method for manufac-
turing the display device (organic EL display device) of
Example 2 will be described.

[0164] As in Example 1, a second substrate 12 is prepared.
Specifically, the color filter layer CF and the light shielding
layer BM are formed on the second substrate 12 on the basis
of a known method.

[0165] [Step-200]

[0166] The first electrode 51 is formed on a substrate in a
similar manner to [step-100] in Example 1. In a small
number of light emitting elements, a first electrode defect
portion is generated by presence of a particle (foreign
matter) or a protrusion on a first electrode or formation of a
break, a cut portion, or a chip in the first electrode for some
reason.

[0167] [Step-210]

[0168] Thereafter, a step similar to [step-110] in Example
1 is performed.

[0169] [Step-220]

[0170] Thereafter, the organic layer 170 is formed on a

portion of the first electrode 51 exposed at a bottom of the
opening 61 and the insulation layer 60 in a similar manner
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to [step-120] in Example 1. Subsequently, the electrode
connection layer 90 is formed on the organic layer 170 in
place of the charge generation layer 74 in a similar manner
to [step-120] in Example 1. Thereafter, the second electrode
152 including a transparent conductive material such as IZO
is formed on the entire surface of the electrode connection
layer 90 in a similar manner to [step-120] in Example 1. In
this way, films of the organic layer 170, the electrode
connection layer 90, and the second electrode 152 can be
continuously formed on the first electrode 51, for example,
in a vacuum atmosphere. Thereafter, the protective film 14
is formed on the entire surface by a CVD method or a PVD
method, for example. The defect region 91 in which the
organic layer 170 is in a discontinuous state or in a nonuni-
form state in a thickness direction is generated due to a first
electrode defect portion generated in the first electrode 51.
That is, the defect region 91 includes a particle present on
the first electrode 51, a protrusion present on the first
electrode 51, a break formed in the first electrode 51, a cut
portion formed in the first electrode 51, or a chip formed in
the first electrode 51.

[0171] [Step-230]

[0172] Finally, the protective film 14 and the second
substrate 12 are bonded to each other via the sealing layer
(sealing resin layer) 15. In this way, the display device
illustrated in FIGS. 1 and 6 can be obtained.

[0173] As a result of presence of many oxygen atoms or
nitrogen atoms in the defect region 91, these oxygen atoms
or nitrogen atoms bond to atoms (for example, Ca) consti-
tuting the electrode connection layer 90 during film forma-
tion of the electrode connection layer 90 or during subse-
quent thermal treatment, and the electrode connection layer
90 is oxidized or nitrided in the defect region 91 to become
CaO4Ny. In a light emitting element including the defect
region 91 in which the organic layer 170 is in a discontinu-
ous state or in a nonuniform state in a thickness direction, the
electrode connection layer 90 is brought into a high electri-
cal resistance state or an insulated state in the defect region
91. Meanwhile, in a region (normal region 92) other than the
defect region, atoms (for example, Ca) constituting the
electrode connection layer 90 are hardly oxidized or
nitrided. Therefore, the electrode connection layer 90 in the
normal region 92 remains in a low electrical resistance state.
[0174] Therefore, unlike related art, it is possible to reli-
ably prevent a short circuit between the second electrode and
the first electrode even without forming a resistive layer. A
display device having high reliability, long life, high lumi-
nance, high efficiency, and high display quality can be
manufactured without largely increasing the number of
manufacturing steps.

[0175] A display device including a light emitting element
in which a LiF, layer was formed in place of forming the
electrode connection layer 90 of Example 2 was manufac-
tured by way of trial as a display device of Comparative
Bxample 2. In the defect region 91, the LiF, layer is not
oxidized nor nitrided.

[0176] In addition, in the display device of Example 2 and
the display device of Comparative Example 2, a voltage of
10 V was applied between the first electrode 51 and the
second electrode 152, a current flowing between the first
electrode 51 and the second electrode 152 was set variously,
and dark spots (the number of light emitting elements with
initial light emitting defects) per unit area were examined.
FIG. 12 illustrates results thereof. A result that the number
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of dark spots in the display device of Example 2 was
drastically smaller than that of the display device of Com-
parative Example 2 was obtained.

[0177] That is, it has been found that a display device
having high display quality can be obtained by constituting
the second electrode 152 with a transparent conductive
material such as 170 and forming the electrode connection
layer 90 including CaliF, in place of a LiF, layer. Note that
no difference was observed between a driving voltage of the
display device of Example 2 and a driving voltage of the
display device of Comparative Example 2.

[0178] A display device (display device in which
Examples 1 and 2 are combined) including the laminated
structure 70 in Example 1 and the electrode connection layer
90 in Example 2 can be used. That is, as illustrated in
conceptual diagrams in FIGS. 8A and 8B, in the display
device of Example 1, the electrode connection layer 90 may
be formed between the laminated structure 70 and the
second electrode 52 or between the laminated structure 70
and the first electrode 51 (specifically, for example, between
the laminated structure 70 and the second electrode 52). In
a light emitting element including the defect region 81, the
electrode connection layer 90 may be in a high electrical
resistance state or an insulated state in the defect region 81,
while being in a low electrical resistance state in a region
other than the defect region 81.

Example 3

[0179] Example 3 is a modification of Examples 1 and 2.
In Example 3, a light reflecting layer is formed below a first
electrode via an interlayer insulation film, and a resonator
structure is constituted between the light reflecting layer and
a second electrode. FIG. 9 illustrates a schematic partial
cross-sectional view of the display device of Example 3
obtained by modifying the display device of Example 1.
Note that FIG. 9 illustrates only a light emitting element
including no defect region.

[0180] A light emitting element 10 of Example 3 includes:
[0181] a lower layer/interlayer insulation film 31;
[0182] a light reflecting layer 37 formed on the lower

layer/interlayer insulation film 31;

[0183] an upper layer/interlayer insulation film 32 cover-
ing the lower layer/interlayer insulation film 31 and the light
reflecting layer 37,

[0184] a first electrode 51 formed on the upper layer/
interlayer insulation film 32;

[0185] an insulation layer 60 formed at least on a region of
the upper layer/interlayer insulation film 32 where the first
electrode 51 is not formed;

[0186] a laminated structure 70 or an organic layer 170
(hereinafter, referred to as “laminated structure 70 or the
like” for convenience) formed over the insulation layer 60
from above the first electrode 51; and

[0187] second electrodes 52 and 152 (hereinafter, referred
to as “second electrode 52 or the like” for convenience)
formed on the laminated structure 70 or the like.

[0188] In addition, the display device of Example 3 is a
display device having a plurality of pixels each constituted
by a first light emitting element 10R, a second light emitting
element 10G, and a third light emitting element 10B
arranged in a two-dimensional matrix. The plurality of
pixels has a laminated structure obtained by sequentially
laminating a lowermost layer/interlayer insulation film 33, a
first interlayer insulation film 34, a second interlayer insu-

Sep. 13,2018

lation film 35, and an uppermost layer/interlayer insulation
film 36. In addition, each of the light emitting elements 10R,
10G, and 10B includes:

[0189] the first electrode 51 formed on the uppermost
layer/interlayer insulation film 36;

[0190] the insulation layer 60 formed at least on a region
of the uppermost layer/interlayer insulation film 36 where
the first electrode 51 is not formed;

[0191] the laminated structure 70 or the like formed over
the insulation layer 60 from above the first electrode 51; and

[0192] the second electrode 52 or the like formed on the
laminated structure 70 or the like.

[0193] The first light emitting element 10R includes a first
light reflecting layer 38R formed between the lowermost
layer/interlayer insulation film 33 and the first interlayer
insulation film 34.

[0194] The second light emitting element 10G includes a
second light reflecting layer 38G formed between the first
interlayer insulation film 34 and the second interlayer insu-
lation film 35.

[0195] The third light emitting element 10B includes a
third light reflecting layer 38B formed between the second
interlayer insulation film 35 and the uppermost layer/inter-
layer insulation film 36.

[0196] Note that the first interlayer insulation film 34, the
second interlayer insulation film 35, and the uppermost
layer/interlayer insulation film 36 are collectively referred to
as an interlayer insulation film/laminated structure 30.

[0197] Alternatively, in another expression, the display
device of Example 3 includes the first substrate 11, the
second substrate 12, and an image display unit 13 sand-
wiched by the first substrate 11 and the second substrate 12.
In the image display unit 13, the plurality of light emitting
elements 10 (10R, 10G, and 10B) of Example 3 is arranged
in a two-dimensional matrix. Herein, the light emitting
elements are formed on a side of the first substrate.

[0198] The first electrode 51 includes ITO. The light
reflecting layer 37 (first light reflecting layer 38R, second
light reflecting layer 38G, and third light reflecting layer
38B) has a laminated structure of titanium (Ti)/aluminum
(Al). Furthermore, the first substrate 11 includes a silicon
semiconductor substrate, and the second substrate 12
includes a glass substrate. In addition, a MOSFET is formed
on the silicon semiconductor substrate in place of a TFT.

[0199] In Example 3. the laminated structure 70 or the like
may include the materials exemplified in Example 1, or may
include materials exemplified below. Also in Examples 1 to
2, the laminated structure 70 or the like may include
materials exemplified below.

[0200] That is, in Example 3, the laminated structure 70 or
the like has a laminated structure of a hole injection layer
(HIL), a hole transport layer (HTL), a light emitting layer, an
electron transport layer (ETL), and an electron injection
layer (EIL). The laminated structure 70 is constituted by at
least two organic layers that emit light of different colors,
and light emitted from the laminated structure 70 is white.
Specifically, the laminated structure 70 has a structure in
which three layers of a red light emitting organic layer that
emits red light, a green light emitting organic layer that emits
green light, and a blue light emitting organic layer that emits
blue light are laminated. The red light emitting element 10R,
the green light emitting element 10G, and the blue light
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emitting element 10B have the same configuration and
structure except for positions of a color filter layer and a
light reflecting layer.

[0201] The hole injection layer increases a hole injection
efficiency, functions as a buffer layer for preventing leakage,
and has a thickness of about 2 nm to 10 nm, for example.
The hole injection layer includes a hexaazatriphenylene
derivative represented by the following formula (A) or (B),
for example.

iy oS &)
Xé/ \Xs

[0202] Herein, R* to R® each independently represent a
substituent selected from a hydrogen atom, a halogen atom,
a hydroxy group, an amino group, an arulamino group, a
substituted or unsubstituted carbonyl group having 20 or less
carbon atoms, a substituted or unsubstituted carbonyl ester
group having 20 or less carbon atoms, a substituted or
unsubstituted alkyl group having 20 or less carbon atoms, a
substituted or unsubstituted alkenyl group having 20 or less
carbon atoms, a substituted or unsubstituted alkoxy group
having 20 or less carbon atoms, a substituted or unsubsti-
tuted aryl group having 30 or less carbon atoms, a substi-
tuted or unsubstituted heterocyclic group having 30 or less
carbon atoms, a nitrile group, a cyano group, a nitro group,
and a silyl group, and adjacent R™s (m=1 to 6) may be
bonded to each other via a cyclic structure. In addition, X*
to X% each independently represent a carbon atom or a
nitrogen atom.
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[0203] The hole transport layer is a layer that increases a
hole transport efficiency to the light emitting layer. When an
electric field is applied to the light emitting layer, recombi-
nation of electrons and holes occurs to generate light. The
electron transport layer is a layer that increases an electron
transport efficiency to the light emitting layer, and the
electron injection layer is a layer that increases an electron
injection efficiency to the light emitting layer.
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[0204] The hole transport layer includes 4.4'.4"-tris(3-
methylphenylphenylamino) triphenylamine <m-MTDATA>
or a-naphthylphenyl diamine <aNPD> having a thickness
of about 40 nm, for example.

[0205] The laminated structure generates white light by
color mixing, and is formed by laminating a red light
emitting organic layer, a green light emitting organic layer,
and a blue light emitting organic layer as described above,
for example.

[0206] In the red light emitting organic layer, by applica-
tion of an electric field, a part of holes injected from the first
electrode 51 and a part of electrons injected from the second
electrode 52 or the like are recombined to generate red light.
Such a red light emitting organic layer contains at least one
kind of material among a red light emitting material, a hole
transport material, an electron transport material, and a both
charge transport material, for example. The red light emit-
ting material may be a fluorescent material or a phospho-
rescent material. The red light emitting layer having a
thickness of about 5 nm is formed by mixing 30% by mass
of 2,6-bis[(4'-methoxydiphenylamino) styryl]-1,5-dicya-
nonaphthalene <BSN> with 4,4-bis(2,2-diphenylvinyl)
biphenyl <DPVBi>, for example.

[0207] In the green light emitting organic layer, by appli-
cation of an electric field, a part of holes injected from the
first electrode 51 and a part of electrons injected from the
second electrode 52 or the like are recombined to generate
green light. Such a green light emitting organic layer con-
tains at least one kind of material among a green light
emitting material, a hole transport material, an electron
transport material, and a both charge transport material, for
example. The green light emitting material may be a fluo-
rescent material or a phosphorescent material. The green
light emitting layer having a thickness of about 10 nm is
formed by mixing 5% by mass of coumarin 6 with DPVB;,
for example.

[0208] In the blue light emitting organic layer, by appli-
cation of an electric field, a part of holes injected from the
first electrode 51 and a part of electrons injected from the
second electrode 52 or the like are recombined to generate
blue light. Such a blue light emitting organic layer contains
at least one kind of material among a blue light emitting
material, a hole transport material, an electron transport
material, and a both charge transport material, for example.
The blue light emitting material may be a fluorescent
material or a phosphorescent material. The blue light emit-
ting layer having a thickness of about 30 nm is formed by
mixing 2.5% by mass of 4,4'-bis[2-{4-(N,N-diphenylamino)
phenyl}vinyl] biphenyl <DPAVBi> with DPVBi, for
example.

[0209] The electron transport layer having a thickness of
about 20 nm includes 8-hydroxyquinoline aluminum
<Alq3>, for example. The electron injection layer having a
thickness of about 0.3 nm includes LiF, Li,O, or the like for
example.

[0210] The lowermost layer/interlayer insulation film 33,
the interlayer insulation film/laminated structure 30, the
laminated structure 70, and the second electrode 52 or the
like are common in the plurality of light emitting elements.
That s, the lowermost layer/interlayer insulation film 33, the
interlayer insulation film/laminated structure 30, the lami-
nated structure 70, and the second electrode 52 or the like are
not patterned and are in a so-called solid film state. As
described above, by forming a solid film of an organic layer
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common in all the light emitting elements without forming
the organic layer separately for each light emitting element
(patterning formation), the light emitting elements can be
also applied to a small and high-resolution display device
having a field angle of several inches or less and a pixel pitch
of several tens of micrometers or less, for example.

[0211] Each of the light emitting elements 10 has a reso-
nator structure using the laminated structure 70 or the like as
a resonance part. Incidentally, in order to appropriately
adjust a distance from a light emitting surface to a reflecting
surface (specifically, a distance from a light emitting surface
to the light reflecting layer 37 and the second electrode 52
or the like), the thickness of the laminated structure 70 or the
like is preferably 8x107® m or more and 5x10~" m or less,
and more preferably 1.5%10~7 m or more and 3.5x10™" m or
less. In an organic EL display device having a resonator
structure, actually, the red light emitting element 10R causes
red light emitted from the light emitting layer to resonate,
and emits reddish light (light having a light spectrum peak
in a red region) from the second electrode 52 or the like. In
addition, the green light emitting element 10G causes green
light emitted from the light emitting layer to resonate, and
emits greenish light (light having a light spectrum peak in a
green region) from the second electrode 52 or the like.
Furthermore, the blue light emitting element 10B causes
blue light emitted from the light emitting layer to resonate,
and emits bluish light (light having a light spectrum peak in
a blue region) from the second electrode 52 or the like.
[0212] In Example 3, a transistor (specifically, for
example, MOSFET) 120 formed on a silicon semiconductor
substrate (first substrate 11) is disposed under the lower
layer/interlayer insulation film 31 (lowermost layer/inter-
layer insulation film 33). In addition, the first electrode 51 is
connected to the transistor 120 formed on the silicon semi-
conductor substrate (first substrate 11) via a contact hole
(contact plug) 26 formed in the lowermost layer/interlayer
insulation film 33 and the interlayer insulation film/lami-
nated structure 30. Herein, the transistor 120 including a
MOSFET is constituted by a gate electrode 121, a gate
insulation layer 122, a channel formation region 123, and a
source/drain region 124. An element isolation region 125 is
formed between the transistors 120, and the transistors 120
are thereby separated from each other. Note that such a
configuration and structure can be applied to Examples 1
and 2. In addition, the configuration and the structure
described in Example 1 can be applied to Example 3.
[0213] The configuration and structure of the display
device of Example 3 can be similar to those of the display
devices of Examples 1 and 2 except for the above-described
points, and therefore detailed description will be omitted.

Example 4

[0214] Example 4 relates to a light emitting device accord-
ing to the first aspect of the present disclosure.

[0215] As illustrated in conceptual diagrams in FIGS. 4A
and 4B or FIGS. 5A and 5B, the light emitting device
includes:

[0216] (A) a first electrode 51 formed on a substrate;
[0217] (B) a laminated structure 70 formed on the first
electrode 51; and

[0218] (C) a second electrode 52 formed on the laminated
structure 70. In addition, the laminated structure 70 is
formed by laminating:

[0219] in the following order from the first electrode 51
side, at least
[0220] (B-1) a first organic layer 71 including a first light

emitting layer 71A containing an organic light emitting
material;
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[0221] (B-2) a charge generation layer 74 in which a first
layer into which a first carrier is injected and a second layer
into which a second carrier is injected are laminated; and

[0222] (B-3) a second organic layer 72 including a second
light emitting layer 72A containing an organic light emitting
material.

[0223] The charge generation layer 74 is in a high elec-
trical resistance state or an insulated state in the defect
region 81, while being in a low electrical resistance state in
a region other than the defect region 81.

[0224] That is, in such a light emitting device of Example
4, the entire light emitting device is constituted by one light
emitting element in the display device of Example 1. How-
ever, unlike the display device of Example 1, a color filter
layer is unnecessary, and white light is emitted from the light
emitting device.

[0225] Incidentally, as in the display device of Example 1,
the first electrode 51 constitutes an anode electrode, the
second electrode 52 constitutes a cathode electrode, the first
carrier 1s an electron, the second carrier is a hole, and the first
layer constituting the charge generation layer 74 is consti-
tuted by a material containing an alkali metal or an alkaline
earth metal. In addition, the first layer constituting the charge
generation layer 74 in the defect region 81 contains CaO, N,
or CsO,N- (provided that 1<X<10 and 1<Y<10), and the
composition of the first layer constituting the charge gen-
eration layer 74 in a region other than the defect region 81
is different from that of the first layer constituting the charge
generation layer 74 in the defect region 81. In addition, the
thickness of the charge generation layer 74 in a region
(normal region 82) other than the defect region 81 is larger
than that of the charge generation layer 74 in the defect
region 81. The thickness of the charge generation layer 74 in
the defect region 81 is 5 nm or more, and the thickness of
the charge generation layer 74 in a region other than the
defect region 81 is 10 nm or more.

[0226] Alternatively, Example 4 relates to a light emitting
device according to the second aspect of the present disclo-
sure. As illustrated in conceptual diagrams in FIGS. 7A and
7B or FIGS. 8A and 8B, the light emitting device includes
a light emitting portion formed by laminating: in the fol-
lowing order,

[0227]

[0228] (B) an organic layer 170 including a light emitting
layer containing an organic light emitting material; and

[0229] (C) a second electrode 152.

[0230] The light emitting portion further includes an elec-
trode connection layer 90 between the second electrode 152
and the organic layer 170 or between the first electrode 51
and the organic layer 170 (specifically, between the second
electrode 152 and the organic layer 170).

[0231] The electrode connection layer 90 is in a high
electrical resistance state or an insulated state in the defect
region 91, while being in a low electrical resistance state in
a region (normal region 92) other than the defect region 91.

[0232] That is, in such a light emitting device of Example
4, the entire light emitting device is constituted by one light
emitting element in the display device of Example 2. How-

(A) a first electrode 51 formed on a substrate;
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ever, unlike the display device of Example 2, white light is
emitted from the light emitting device.

[0233] Incidentally, as in the display device of Example 2,
the electrode connection layer 90 may include a material
containing an alkali metal or an alkaline earth metal. In
addition, in this case, the electrode connection layer 90 in the
defect region 91 includes CaO,N - or CsO,N-(provided that
1<X<10 and 1<Y<10), and the composition of the electrode
connection layer 90 in a region (normal region 92) other than
the defect region 91 is different from that of the electrode
connection layer 90 in the defect region 81. Furthermore, the
thickness of the electrode connection layer 90 in a region
(normal region 92) other than the defect region 91 is larger
than that of the electrode connection layer 90 in the defect
region 91. The thickness of the electrode connection layer 90
in the defect region 91 is 5 nm or more, and the thickness of
the electrode connection layer 90 in a region other than the
defect region 91 is 10 nm or more.

[0234] In addition, the electrode connection layer 90 may
be formed between the laminated structure 70 and the
second electrode 52 or between the laminated structure 70
and the first electrode 51 (specifically, between the lami-
nated structure 70 and the second electrode 52). The elec-
trode connection layer 90 may be in a high electrical
resistance state or an insulated state in the defect region 81,
while being in a low electrical resistance state in a region
other than the defect region 81.

[0235] As a result of presence of many oxygen atoms or
nitrogen atoms in the defect regions 81 and 91, these oxygen
atoms or nitrogen atoms bond to atoms (for example, Ca)
constituting the charge generation layer 74 or the electrode
connection layer 90 during film formation of the laminated
structure 70 or the like or during subsequent thermal treat-
ment, and the charge generation layer 74 or the electrode
connection layer 90 is oxidized or nitrided in the defect
regions 81 and 91 to become CaO,N;. In a light emitting
portion including the defect regions 81 and 91 in which the
charge generation layer 74 or the organic layer 170 is in a
discontinuous state or in a nonuniform state in a lamination
direction (thickness direction), the charge generation layer
74 or the electrode connection layer 90 is brought into a high
electrical resistance state or an insulated state in the defect
regions 81 and 91. Meanwhile, in a region (normal regions
82 and 92) other than the defect regions, atoms (for example,
Ca) constituting the charge generation layer 74 or the
electrode connection layer 90 are hardly oxidized or
nitrided. Therefore, the charge generation layer 74 or the
electrode connection layer 90 in the normal regions 82 and
92 remains in a low electrical resistance state. Therefore,
unlike related art, it is possible to reliably prevent a short
circuit between the charge generation layer 74 or the second
electrode 52 and the first electrode 51 even without forming
a resistive layer. A light emitting device having high reli-
ability, long life, high luminance, high efficiency, and high
display quality can be manufactured without largely increas-
ing the number of manufacturing steps.

[0236] Hitherto, the display device of the present disclo-
sure has been described on the basis of preferable Examples.
However, the display device or the light emitting device of
the present disclosure is not limited to these Examples. The
configurations and structures of the display device, the light
emitting element, the light emitting device, and the light
emitting portion described in Examples, various materials
constituting the display device, the light emitting element,
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and the light emitting portion, the methods for manufactur-
ing the display device, the light emitting element, the light
emitting device, and the light emitting portion, and the like
are illustrative and can be modified appropriately. In
Example 1, one pixel is constituted exclusively by three
sub-pixels formed by a combination of a white light emitting
element and a color filter layer. However, one pixel may be
formed by four sub-pixels obtained by adding a light emit-
ting element that emits white light. Alternatively, in
Example 2, one pixel may be constituted by four sub-pixels
(light emitting elements) obtained by adding a sub-pixel
constituted by a light emitting element that emits white light
(or a light emitting element that emits complementary color
light).

[0237] In Examples, the description has been made on the
basis of the top emission type display device that emits light
from the second substrate. However, a bottom emission type
display device that emits light from the first substrate may be
used. In this case, the configurations of the laminated
structure, the organic layer, the first electrode, and the
second electrode described in Examples 1 to 4 are only
required to be reversed upside down. In addition, it is only
required to use an on-chip color filter (OCCF) structure in
which a color filter layer is disposed on the first substrate in
place of disposing the color filter layer on the second
substrate.

[0238] Note that the present disclosure may have the
following configurations.

[0239] [AO1]<<Display Device: First Aspect>>

[0240] A display device having light emitting elements
arranged in a two-dimensional matrix, in which

[0241] each of the light emitting elements includes:
[0242] (A) a first electrode formed on a substrate;

[0243] (B) a laminated structure formed on the first elec-
trode; and

[0244] (C) a second electrode formed on the laminated
structure,

[0245] the laminated structure is formed by laminating:
[0246] in the following order from the first electrode side,
at least

[0247] (B-1) a first organic layer including a first light

emitting layer containing an organic light emitting material;
[0248] (B-2) a charge generation layer in which a first
layer into which a first carrier is injected and a second layer
into which a second carrier is injected are laminated; and
[0249] (B-3) a second organic layer including a second
light emitting layer containing an organic light emitting
material, and

[0250] in a light emitting element including a defect
region, the charge generation layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0251] [AO02] The display device according to [AO1], in
which
[0252] the first electrode constitutes an anode electrode

and the second electrode constitutes a cathode electrode,

[0253] the first carrier is an electron and the second carrier
is a hole, and
[0254] the first layer constituting the charge generation

layer is constituted by a material containing an alkali metal
or an alkaline earth metal.



US 2018/0261790 A1

[0255] [AO03] The display device according to [A02], in
which
[0256] the first layer constituting the charge generation

layer in the defect region contains CaO Ny or CsO,Nj
(provided that 1<X<10 and 1<Y<10), and

[0257] the composition of the first layer constituting the
charge generation layer in a region other than the defect
region is different from the composition of the first layer
constituting the charge generation layer in the defect region.
[0258] [A04] The display device according to any one of
[AO1] to [AO3], in which the thickness of the charge
generation layer in a region other than the defect region is
larger than the thickness of the charge generation layer in the
defect region.

[0259] [AO5] The display device according to [A04], in
which
[0260] the thickness of the charge generation layer in the

defect region is 5 nm or more, and

[0261] the thickness of the charge generation layer in a
region other than the defect region is 10 nm or more.
[0262] [AO06] The display device according to any one of
[AO1] to [AO5], in which

[0263] an electrode connection layer is formed between
the laminated structure and the second electrode or between
the laminated structure and the first electrode, and

[0264] in a light emitting element including a defect
region, the electrode connection layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0265] [AO7] The display device according to [A06], in
which the electrode connection layer is constituted by a
material containing an alkali metal or an alkaline earth
metal.

[0266] [AO8] The display device according to [A07], in
which
[0267] the electrode connection layer in the defect region

includes CaO,N; or CsO,N, (provided that 1<X<10 and
1<Y<10), and

[0268] the composition of the electrode connection layer
in a region other than the defect region is different from the
composition of the electrode connection layer in the defect
region.

[0269] [A09] The display device according to any one of
[A06] to [AO8], in which the thickness of the electrode
connection layer in a region other than the defect region is
larger than the thickness of the electrode connection layer in
the defect region.

[0270] [A10] The display device according to [AQ9], in
which
[0271] the thickness of the electrode connection layer in

the defect region is 5 nm or more, and

[0272] the thickness of the electrode connection layer in a
region other than the defect region is 10 nm or more.
[0273] [A11] The display device according to any one of
[AO1] to [A10], in which the laminated structure is in a
discontinuous state in the defect region.

[0274] [A12] The display device according to any one of
[AO1] to [A11], in which the laminated structure is nonuni-
form in a lamination direction in the defect region.

[0275] [A13] The display device according to any one of
[AO1] to [Al2], in which the defect region includes a
particle present on the first electrode, a protrusion present on
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the first electrode, a break formed in the first electrode, a cut
portion formed in the first electrode, or a chip formed in the
first electrode.

[0276] [BO1]<<Display Device: Second Aspect>>
[0277] A display device having light emitting elements
arranged in a two-dimensional matrix, each of the light
emitting elements being formed by laminating: in the fol-
lowing order,

[0278] (A) a first electrode formed on a substrate;

[0279] (B)an organic layer including a light emitting layer
containing an organic light emitting material; and

[0280] (C) a second electrode, in which

[0281] each of the light emitting elements further includes
an electrode connection layer between the second electrode
and the organic layer or between the first electrode and the
organic layer, and

[0282] in a light emitting element including a defect
region, the electrode connection layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0283] [BO2] The display device according to [B01], in
which the electrode connection layer is constituted by a
material containing an alkali metal or an alkaline earth
metal.

[0284] [BO3] The display device according to [B02], in
which
[0285] the electrode connection layer in the defect region

includes CaO,N, or CsO,N, (provided that 1<X<10 and
1<Y<10), and

[0286] the composition of the electrode connection layer
in a region other than the defect region is different from the
composition of the electrode connection layer in the defect
region.

[0287] [BO4] The display device according to any one of
[BO1] to [B03], in which the thickness of the electrode
connection layer in a region other than the defect region is
larger than the thickness of the electrode connection layer in
the defect region.

[0288] [BO5] The display device according to [B04], in
which
[0289] the thickness of the electrode connection layer in

the defect region is 5 nm or more, and

[0290] the thickness of the electrode connection layer in a
region other than the defect region is 10 nm or more.
[0291] [BO6] The display device according to any one of
[BO1] to [BO5], in which the organic layer is in a discon-
tinuous state in the defect region.

[0292] [BO7] The display device according to any one of
[BO1] to [BO5], in which the organic layer is nonuniform in
a thickness direction in the defect region.

[0293] [BO8] The display device according to any one of
[BO1] to [BO7], in which

[0294] the defect region includes a particle present on the
first electrode, a protrusion present on the first electrode, a
break formed in the first electrode, a cut portion formed in
the first electrode, or a chip formed in the first electrode.
[0295] [COl]<<Light Emitting Device: First Aspect>>
[0296] A light emitting device including a light emitting
portion including:

[0297] (A) a first electrode formed on a substrate;
[0298] (B) a laminated structure formed on the first elec-
trode; and
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[0299] (C) a second electrode formed on the laminated
structure, in which

[0300] the laminated structure is formed by laminating:
[0301] in the following order from the first electrode side,
at least

[0302] (B-1) a first organic layer including a first light

emitting layer containing an organic light emitting material,
[0303] (B-2) a charge generation layer in which a first
layer into which a first carrier is injected and a second layer
into which a second carrier is injected are laminated; and
[0304] (B-3) a second organic layer including a second
light emitting layer containing an organic light emitting
material, and

[0305] the charge generation layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0306] [CO2] The light emitting device according to
[CO1], in which

[0307] the first electrode constitutes an anode electrode
and the second electrode constitutes a cathode electrode,

[0308] the first carrier is an electron and the second carrier
is a hole, and
[0309] the first layer constituting the charge generation

layer is constituted by a material containing an alkali metal
or an alkaline earth metal.

[0310] [CO3] The light emitting device according to
[C02], in which

[0311] the first layer constituting the charge generation
layer in the defect region contains CaO,N; or CsO,Nj
(provided that 1<X<10 and 1<Y<10), and

[0312] the composition of the first layer constituting the
charge generation layer in a region other than the defect
region is different from the composition of the first layer
constituting the charge generation layer in the defect region.
[0313] [CO4] The light emitting device according to any
one of [CO1] to [CO3], in which the thickness of the charge
generation layer in a region other than the defect region is
larger than the thickness of the charge generation layer in the
defect region. [C05] The light emitting device according to
[C04], in which

[0314] the thickness of the charge generation layer in the
defect region is 5 nm or more, and

[0315] the thickness of the charge generation layer in a
region other than the defect region is 10 nm or more.
[0316] [CO6] The light emitting device according to any
one of [CO1] to [CO5], in which

[0317] an electrode connection layer is formed between
the laminated structure and the second electrode or between
the laminated structure and the first electrode, and

[0318] the electrode connection layer is in a high electrical
resistance state or an insulated state in the defect region,
while being in a low electrical resistance state in a region
other than the defect region.

[0319] [CO7] The light emitting device according to
[CO6], in which the electrode connection layer is constituted
by a material containing an alkali metal or an alkaline earth
metal.

[0320] [CO8] The light emitting device according to
[CO07], in which

[0321] the electrode connection layer in the defect region
includes CaO,N, or CsO,N, (provided that 1<X<10 and
1<Y<10), and
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[0322] the composition of the electrode connection layer
in a region other than the defect region is different from the
composition of the electrode connection layer in the defect
region.

[0323] [CO09] The light emitting device according to any
one of [CO6] to [CO8], in which the thickness of the
electrode connection layer in a region other than the defect
region is larger than the thickness of the electrode connec-
tion layer in the defect region.

[0324] [C10] The light emitting device according to
[C09], in which

[0325] the thickness of the electrode connection layer in
the defect region is 5 nm or more, and

[0326] the thickness of the electrode connection layer in a
region other than the defect region is 10 nm or more.
[0327] [C11] The light emitting device according to any
one of [CO1] to [C10], in which the laminated structure is in
a discontinuous state in the defect region.

[0328] [C12] The light emitting device according to any
one of [CO1] to [C11], in which the laminated structure is
nonuniform in a lamination direction in the defect region.
[0329] [C13] The light emitting device according to any
one of [CO1] to [C12], in which

[0330] the defect region includes a particle present on the
first electrode, a protrusion present on the first electrode, a
break formed in the first electrode, a cut portion formed in
the first electrode, or a chip formed in the first electrode.
[0331] [DO1]<<Light Emitting Device: Second Aspect>>
[0332] A light emitting device including a light emitting
portion formed by laminating: in the following order,
[0333] (A) a first electrode formed on a substrate;

[0334] (B) an organic layer including a light emitting layer
containing an organic light emitting material; and

[0335] (C) a second electrode, in which

[0336] the light emitting portion further includes an elec-
trode connection layer between the second electrode and the
organic layer or between the first electrode and the organic
layer, and

[0337] the electrode connection layer is in a high electrical
resistance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region other
than the defect region.

[0338] [DO02] The light emitting device according to
[DO01], in which the electrode connection layer is constituted
by a material containing an alkali metal or an alkaline earth
metal.

[0339] [DO03] The light emitting device according to
[D02], in which

[0340] the electrode connection layer in the defect region
includes CaO,N,. or CsO;N,. (provided that 1<X<10 and
1<Y<10), and

[0341] the composition of the electrode connection layer
in a region other than the defect region is different from the
composition of the electrode connection layer in the defect
region.

[0342] [DO04] The light emitting device according to any
one of [DO1] to [DO03], in which the thickness of the
electrode connection layer in a region other than the defect
region is larger than the thickness of the electrode connec-
tion layer in the defect region.

[0343] [DO5] The light emitting device according to
[D04], in which

[0344] the thickness of the electrode connection layer in
the defect region is 5 nm or more, and
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[0345] the thickness of the electrode connection layer in a
region other than the defect region is 10 nm or more.
[0346] [DO06] The light emitting device according to any
one of [D01] to [DO5], in which the organic layer is in a
discontinuous state in the defect region.

[0347] [DO7] The light emitting device according to any
one of [DO1] to [DO5], in which the organic layer is
nonuniform in a thickness direction in the defect region.
[0348] [DO8] The light emitting device according to any
one of [DO01] to [DO7], in which

[0349] the defect region includes a particle present on the
first electrode, a protrusion present on the first electrode, a
break formed in the first electrode, a cut portion formed in
the first electrode, or a chip formed in the first electrode.

REFERENCE SIGNS LIST

[0350] 10 Light emitting element (display element)

[0351] 10R Red light emitting element (first light emitting
element)

[0352] 10G Green light emitting element (second light

emitting element)
[0353] 10B Blue light emitting element (third light emit-
ting element)

[0354] SP, Red display sub-pixel

[0355] SP,; Green display sub-pixel

[0356] SPj Blue display sub-pixel

[0357] 11 First substrate

[0358] 12 Second substrate

[0359] 13 Image display unit

[0360] 14 Protective film

[0361] 15 Sealing layer (sealing resin layer)

[0362] 20 Thin film transistor (TFT)

[0363] 120 MOSFET

[0364] 21, 121 Gate electrode

[0365] 22, 122 Gate insulation layer

[0366] 23, 123 Channel formation region

[0367] 24, 124 Source/drain region

[0368] 125 Element isolation region

[0369] 26 Contact hole (contact plug)

[0370] 30 Interlayer insulation film/laminated structure
[0371] 31 Lower layer/interlayer insulation film
[0372] 32 Upper layer/interlayer insulation film
[0373] 33 Lowermost layer/interlayer insulation film
[0374] 34 First interlayer insulation film

[0375] 35 Second interlayer insulation film

[0376] 36 Uppermost layer/interlayer insulation film
[0377] 37 Light reflecting layer

[0378] 38R First light reflecting layer

[0379] 38G Second light reflecting layer

[0380] 38B Third light reflecting layer

[0381] 40 Interlayer insulation layer

[0382] 51 First electrode

[0383] 52, 152 Second electrode

[0384] 60 Insulation layer

[0385] 61 Opening

[0386] 61A Edge of opening

[0387] 70 Laminated structure

[0388] 71, 72, 73 Organic layer

[0389] 71A, T2A, 73A Light emitting layer

[0390] 74, 75 Charge generation layer

[0391] 74A' Region in which first layer of charge genera-

tion layer in defect region is in high electrical resistance
state or insulated state
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[0392] 74A" Region of first layer of charge generation
layer in low electrical resistance state in normal region
[0393] 74A, 75A First layer into which first carrier in

charge generation layer is injected
[0394] 74B, 75B Second layer into which second carrier in
charge generation layer is injected

[0395] 81, 91 Defect region

[0396] 82, 92 Normal region

[0397] 90 Electrode connection layer

[0398] 90" Portion of electrode connection layer in defect
region

[0399] 90" Portion of electrode connection layer in normal
region

[0400] 170 Organic layer

[0401] CF, CFg, CF, CF, Color filter layer

[0402] BM Light shielding layer (black matrix layer)

1. A display device having light emitting elements
arranged in a two-dimensional matrix, wherein

each of the light emitting elements includes:

(A) a first electrode formed on a substrate;

(B) a laminated structure formed on the first electrode;

and

(C) a second electrode formed on the laminated structure,

the laminated structure is formed by laminating:

in the following order from the first electrode side, at least

(B-1) a first organic layer including a first light emitting

layer containing an organic light emitting material;

(B-2) a charge generation layer in which a first layer into

which a first carrier is injected and a second layer into
which a second carrier is injected are laminated; and

(B-3) a second organic layer including a second light

emitting layer containing an organic light emitting
material, and

in a light emitting element including a defect region, the

charge generation layer is in a high electrical resistance
state or an insulated state in a defect region, while being
in a low electrical resistance state in a region other than
the defect region.

2. The display device according to claim 1, wherein

the first electrode constitutes an anode electrode and the

second electrode constitutes a cathode electrode,

the first carrier is an electron and the second carrier is a

hole, and

the first layer constituting the charge generation layer is

constituted by a material containing an alkali metal or
an alkaline earth metal.

3. The display device according to claim 2, wherein

the first layer constituting the charge generation layer in

the defect region contains CaO, Ny or CsO, N, (pro-
vided that 1<X<10 and 1<Y<10), and

a composition of the first layer constituting the charge

generation layer in a region other than the defect region
is different from a composition of the first layer con-
stituting the charge generation layer in the defect
region.

4. The display device according to claim 1, wherein a
thickness of the charge generation layer in a region other
than the defect region is larger than a thickness of the charge
generation layer in the defect region.

5. The display device according to claim 4, wherein

a thickness of the charge generation layer in the defect

region is 5 nm or more, and

a thickness of the charge generation layer in a region other

than the defect region is 10 nm or more.
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6. The display device according to claim 1, wherein

an electrode connection layer is formed between the
laminated structure and the second electrode or
between the laminated structure and the first electrode,
and

in a light emitting element including a defect region,

the electrode connection layer is in a high electrical

resistance state or an insulated state in the defect
region, while being in a low electrical resistance state
in a region other than the defect region.

7. A display device having light emitting elements
arranged in a two-dimensional matrix, each of the light
emitting elements being formed by laminating: in the fol-
lowing order,

(A) a first electrode formed on a substrate;

(B) an organic layer including a light emitting layer

containing an organic light emitting material; and

(C) a second electrode, wherein

each of the light emitting elements further includes an

electrode connection layer between the second elec-
trode and the organic layer or between the first elec-
trode and the organic layer, and

in a light emitting element including a defect region, the

electrode connection layer is in a high electrical resis-
tance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region
other than the defect region.

8. The display device according to claim 7, wherein the
electrode connection layer is constituted by a material
containing an alkali metal or an alkaline earth metal.

9. The display device according to claim 8, wherein

the electrode connection layer in the defect region

includes CaO4Ny or CsO N, (provided that 1<X<10
and 1<Y<10), and

a composition of the electrode connection layer in a

region other than the defect region is different from a
composition of the electrode connection layer in the
defect region.

10. The display device according to claim 7, wherein a
thickness of the electrode connection layer in a region other
than the defect region is larger than a thickness of the
electrode connection layer in the defect region.

11. The display device according to claim 10, wherein

a thickness of the electrode connection layer in the defect

region is 5 nm or more, and

a thickness of the electrode connection layer in a region

other than the defect region is 10 nm or more.

12. A light emitting device comprising a light emitting
portion including:

(A) a first electrode formed on a substrate;

(B) a laminated structure formed on the first electrode;

and

(C) a second electrode formed on the laminated structure,

wherein

the laminated structure is formed by laminating:

in the following order from the first electrode side, at least

(B-1) a first organic layer including a first light emitting

layer containing an organic light emitting material;

(B-2) a charge generation layer in which a first layer into

which a first carrier is injected and a second layer into
which a second carrier is injected are laminated; and

(B-3) a second organic layer including a second light

emitting layer containing an organic light emitting
material, and
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the charge generation layer is in a high electrical resis-
tance state or an insulated state in a defect region, while
being in a low electrical resistance state in a region
other than the defect region.

13. The light emitting device according to claim 12,
wherein

the first electrode constitutes an anode electrode and the

second electrode constitutes a cathode electrode,

the first carrier is an electron and the second carrier is a

hole, and

the first layer constituting the charge generation layer is

constituted by a material containing an alkali metal or
an alkaline earth metal.

14. The light emitting device according to claim 13,
wherein

the first layer constituting the charge generation layer in

the defect region contains CaO4Ny or CsO.Ny. (pro-
vided that 1<X<10 and 1<Y<10), and

a composition of the first layer constituting the charge

generation layer in a region other than the defect region
is different from a composition of the first layer con-
stituting the charge generation layer in the defect
region.

15. The light emitting device according to claim 12,
wherein a thickness of the charge generation layer in a
region other than the defect region is larger than a thickness
of the charge generation layer in the defect region.

16. The light emitting device according to claim 12,
wherein

an electrode connection layer is formed between the

laminated structure and the second electrode or
between the laminated structure and the first electrode,
and

the electrode connection layer is in a high electrical

resistance state or an insulated state in the defect
region, while being in a low electrical resistance state
in a region other than the defect region.

17. A light emitting device comprising a light emitting
portion formed by laminating: in the following order,

(A) a first electrode formed on a substrate;

(B) an organic layer including a light emitting layer

containing an organic light emitting material; and

(C) a second electrode, wherein

the light emitting portion further includes an electrode

connection layer between the second electrode and the
organic layer or between the first electrode and the
organic layer, and

the electrode connection layer is in a high electrical

resistance state or an insulated state in a defect region,
while being in a low electrical resistance state in a
region other than the defect region.

18. The light emitting device according to claim 17,
wherein the electrode connection layer is constituted by a
material containing an alkali metal or an alkaline earth
metal.

19. The light emitting device according to claim 18,
wherein

the electrode connection layer in the defect region

includes CaO, Ny or CsON,- (provided that 1<X<10
and 1<Y<10), and

a composition of the electrode connection layer in a

region other than the defect region is different from a
composition of the electrode connection layer in the
defect region.
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20. The light emitting device according to claim 17,
wherein a thickness of the electrode connection layer in a
region other than the defect region is larger than a thickness
of the electrode connection layer in the defect region.
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