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(7) ABSTRACT

An organic EL display device includes an anode, an organic
light-emitting unit formed on the anode, and a cathode
formed on the organic light-emitting unit and containing In.
The organic light-emitting unit includes a light-emitting
layer, and an electron injection layer formed between the
cathode and the light-emitting layer, and an In concentration
in layers of the organic light-emitting unit other than the
electron injection layer is equal to or less than one-twentieth
that in the cathode.
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ORGANIC EL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese Application JP2017-75934 filed on Apr. 6, 2017, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an organic EL
display device.

2. Description of the Related Art

[0003] In an organic EL display device of a top emission
type, a transparent conductive film made of indium zinc
oxide (IZO) or the like is formed as a cathode on a
light-emitting unit including a light-emitting layer (see JP
2009-295822 A). Such a transparent conductive film is
generally formed by a sputtering method.

[0004] In the light-emitting unit on which the transparent
conductive film is formed, the resistivity becomes high or
the lifetime of the light-emitting layer is shortened in some
cases. The inventors of the present application have found
that the cause of the high resistivity or the shortening of the
lifetime is the diffusion of the material of the transparent
conductive film into the light-emitting unit during the for-
mation of the transparent conductive film.

SUMMARY OF THE INVENTION

[0005] The invention has been made in view of the above
problems, and it is an object of the invention to provide an
organic EL display device capable of achieving the lower
resistance of a light-emitting unit and the longer lifetime of
a light-emitting layer.

[0006] According to one aspect of the present invention,
there is provided an organic EL display device including an
anode, an organic light-emitting unit formed on the anode,
and a cathode formed on the organic light-emitting unit and
containing In. The organic light-emitting unit includes a
light-emitting layer, and an electron injection layer formed
between the cathode and the light-emitting layer, and an In
concentration in layers of the organic light-emitting unit
other than the electron injection layer is equal to or less than
one-twentieth that in the cathode.

[0007] Inthe above-mentioned aspects of the invention, an
In concentration in the light-emitting layer is equal to or less
than one-twentieth that in the cathode.

[0008] In the above-mentioned aspects of the invention,
the organic light-emitting unit further includes an electron
transport layer formed between the electron injection layer
and the light-emitting layer, and an In concentration in the
electron transport layer is equal to or less than one-twentieth
that in the cathode.

[0009] In the above-mentioned aspects of the invention,
the organic EL display device further includes a cathode
buffer layer formed between the cathode and the organic
light-emitting unit and containing an alkali metal or an
alkaline earth metal as a main component.

[0010] In the above-mentioned aspects of the invention,
the cathode buffer layer contains Ca as a main component.
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[0011] In the above-mentioned aspects of the invention, an
In concentration in the electron injection layer is also equal
to or less than one-twentieth that in the cathode.

[0012] In the above-mentioned aspects of the invention,
the electron injection layer is doped with an alkali metal, and
the thickness of the electron injection layer is equal to or
greater than two times that of the electron transport layer.

[0013] According to another aspect of the present inven-
tion, there is provided an organic EL display device includ-
ing an anode, an organic light-emitting unit formed on the
anode, a cathode formed on the organic light-emitting unit
and containing In, and a cathode buffer layer formed
between the cathode and the organic light-emitting unit and
containing an alkali metal or an alkaline earth metal as a
main component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 11is a diagram schematically showing a cross-
sectional structure example of an organic EL display device.
[0015] FIG. 2 is a diagram schematically showing a
stacked structure example of an organic film.

[0016] FIG. 3A is a diagram schematically showing a
stacked structure example of a first embodiment.

[0017] FIG. 3B is a diagram showing analysis results of an
In concentration in the first embodiment.

[0018] FIG. 4A is a diagram schematically showing a
stacked structure example of a second embodiment.

[0019] FIG. 4B is a diagram showing analysis results of an
In concentration in the second embodiment.

[0020] FIG. 5 is a diagram showing analysis results of an
In concentration in a reference example.

[0021] FIG. 6 is a graph representing an initial voltage of
a light-emitting unit by a relative value.

[0022] FIG. 7A is a graph representing the emission life-
time of the light-emitting unit by a relative value.

[0023] FIG. 7B is a graph representing the relationship
between the In concentration and the emission lifetime.
[0024] FIG. 8A is a graph representing an energizing
voltage rise of the light-emitting unit by a relative value.
[0025] FIG. 8B is a graph representing the relationship
between the In concentration and the energizing voltage rise.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Hereinafter, each embodiment of the invention will
be described with reference to the drawings. The disclosure
1s illustrative only. Appropriate modifications that will read-
ily occur to those skilled in the art and fall within the spirit
of the invention are of course included in the scope of the
invention. In the drawings, the width, thickness, shape, and
the like of each part may be schematically represented,
compared to those in embodiments, for more clarity of
description. However, they are illustrative only, and do not
limit the interpretation of the invention. Moreover, in the
specification and the drawings, elements similar to those
described in relation to a previous drawing are denoted by
the same reference numerals and signs, and a detailed
description may be appropriately omitted.

[0027] FIG. 11is a diagram schematically showing a cross-
sectional structure example of an organic EL display device
1 according to an embodiment of the invention. In FIG. 1,
insulating films 23 and 25 and the like are not hatched in
order to facilitate viewing of the cross-sectional structure.
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FIG. 2 is a diagram schematically showing a stacked struc-
ture example of an organic film 7 (organic EL element)
included in the organic EL display device 1.

[0028] The organic EL display device 1 includes an array
substrate 2 and a counter substrate 3 opposed to the array
substrate 2. The array substrate 2 and the counter substrate
3 are bonded together with a filling material 4 therebetween.
In the organic EL display device 1, a top emission type in
which light is emitted in the direction of the counter sub-
strate 3 with respect to the array substrate 2 is employed. In
the following description, the direction of the counter sub-
strate 3 with respect to the array substrate 2 is defined as an
upper direction.

[0029] The array substrate 2 is a stacked body in which an
insulating film and a conductor layer are stacked on a
transparent substrate 21 made of, for example, glass or resin
having flexibility such as polyimide. A lower-layer electrode
5 is an electrode that is connected to a TFT (not shown) for
driving, for example, a pixel. The lower-layer electrode 5 is
formed of a conductive metal such as, for example, alumi-
num, silver, copper, nickel, or titanium.

[0030] The lower-layer electrode 5 is covered by the
insulating film 23. An anode 6 corresponding to each pixel
is disposed on the insulating film 23. An opening for
connecting the anode 6 to the lower-layer electrode 5 is
formed in the insulating film 23. The insulating film 23 is
formed of an organic insulating material such as, for
example, acrylic resin, and the surface thereof is flattened.
The anode 6 is formed of a conductive metal such as, for
example, aluminum, silver, copper, nickel, or titanium, and
includes a reflective surface.

[0031] The insulating film 23 and the anode 6 are covered
by the insulating film 25. An opening where the anode 6 is
exposed at the bottom is formed in the insulating film 25.
The insulating film 25 is also called a pixel separation film,
a bank, or a rib. The insulating film 25 is formed of a
transparent organic material such as, for example, acrylic
resin. The anode 6 exposed at the bottom of the opening of
the insulating film 25 is covered by the organic film 7
including light-emitting layers. The details of the organic
film 7 will be described later.

[0032] The organic film 7 is covered by a cathode 8. The
cathode 8 is a transparent conductive film formed of a
transparent conductive material such as, for example,
indium zine oxide (IZO) or indium tin oxide (ITO). The
cathode 8 is covered by a sealing film 27. The sealing film
27 is formed of an inorganic insulating material such as, for
example, silicon oxide or silicon nitride.

[0033] In the counter substrate 3, a black matrix 33 in
which an opening corresponding to each pixel is formed, and
a color filter 35 filled in the opening, are provided on a
transparent substrate 31 made of, for example, glass or resin
having flexibility such as polyimide. The counter substrate 3
may not be provided.

[0034] As shown in FIG. 2, the organic film 7 includes a
first light-emitting unit 71 and a second light-emitting unit
72. The first light-emitting unit 71 is disposed on the side
close to the anode 6, and the second light-emitting unit 72
is disposed on the side close to the cathode 8. A buffer layer
74 is disposed between the anode 6 and the first light-
emitting unit 71. A separation layer 76 is disposed between
the first light-emitting unit 71 and the second light-emitting
unit 72.
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[0035] The first light-emitting unit 71 includes, in order
from the side close to the anode 6, a first hole injection layer
(1st-HIL), a first hole transport layer 12 (1st-HTL), a first
light-emitting layer 13 (1st-EML), a first electron transport
layer 14 (1st-ETL), and a first electron injection layer 15
(1st-EIL).

[0036] The second light-emitting unit 72 includes, in order
from the side close to the anode 6, a second hole injection
layer 16 (2nd-HIL), a second hole transport layer 17 (2nd-
HTL), a second light-emitting layer 18 (2nd-EML), a second
electron transport layer 19 (2nd-ETL), and a second electron
injection layer 20 (2nd-EIL).

[0037] Although two light-emitting units 71 and 72 are
provided in the organic film 7 in the embodiment, one
light-emitting unit may suffice. Moreover, the embodiment
is configured such that, for example, the emission color of
the first light-emitting layer 13 is yellow, the emission color
of the second light-emitting layer 18 is blue, and thus white
light is emitted as a whole; however, the emission color is
not limited to them. For example, the light-emitting layer
may emit red, green, or blue light.

[0038] As the material of the first light-emitting layer 13
and the second light-emitting layer 18, for example, various
light-emitting materials including a fluorescent light-emit-
ting material such as Alg3 (tris(8-quinolinolato)aluminum),
or a phosphorescent light-emitting material such as “tris(2-
phenylpyridinato-N,C2"iridium(IID)”  (Ir(ppy)3), “tris(1-
phenylisoquinoline)iridium(1I)” (Ir(piq)3), or “bis[2-(4',6'-
difluorophenyl)pyridinato-N,C2'] iridium (III) picolinate”
(FIrpic) can be used.

[0039] As the material of the first hole transport layer 12
and the second hole transport layer 17, for example, a
material such as NPB (4,4"-bis[N-(1-naphthyl)-N-phe-
nylamino]biphenyl) or TPD (N,N'-bis(3-methylphenyl)-N,
N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine) can be used.
[0040] As the material of the first electron transport layer
14 and the second electron transport layer 19, for example,
a material such as Alq3 or BCP (bathocuproine) can be used.

[0041] As the material of the first electron injection layer
15 and the second electron injection layer 20, for example,
an electron injection material doped with an alkali metal can
be used. As the electron injection material, for example, an
organic material such as Alg3 (tris(8-quinolinolato)alumi-
num) or BCP (bathocuproine) can be used. Examples of the
alkali metal include Li, Na, K, Rb, Cs, and Fr.

[0042] Each layer included in the organic film 7 is formed
by a method such as, for example, a vacuum evaporation
method, a coating method, or a printing method. Further, the
cathode 8 made of a transparent conductive material such as
indium zinc oxide (IZO) is formed on the second light-
emitting unit 72 of the organic film 7, that is, on the second
electron injection layer 20, by a sputtering method.

[0043] Hereinafter, more specific details of the embodi-
ment will be described.

[0044] In general, when a transparent conductive film of
170 or the like is formed on the light-emitting unit by a
sputtering method, the resistivity of the light-emitting unit
tends to be high or the lifetime of the light-emitting layer
tends to be shortened. The inventors of the present applica-
tion have found that the cause of the higher resistivity or the
lifetime reduction is the diffusion of indium (In), which is
the material of the transparent conductive film, into the
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light-emitting unit when the transparent conductive film of
170 or the like is formed on the light-emitting unit by a
sputtering method.

[0045] For example. when In is present in the light-
emitting unit, carriers are trapped by In and thus a current is
less likely to flow even when a voltage is applied. That is,
the presence of In may be the cause of the higher resistivity.
Moreover, when In is present in the light-emitting layer,
carriers are trapped and, in addition, exciton energy may be
quenched by In. That is, the presence of In may be the cause
of the lifetime reduction.

[0046] Therefore, the inventors of the present application
have achieved the suppression of the higher resistivity and
the lifetime reduction due to the diffusion of indium (In) by
first and second embodiments to be described below.

First Embodiment

[0047] FIG. 3A is a diagram schematically showing a
stacked structure example of the first embodiment. Configu-
rations that are redundant with those of FIG. 2 are denoted
by the same numbers, and will not be described in detail.
FIG. 3B is a graph showing analysis results of an In
concentration in the first embodiment (details will be
described later).

[0048] In the first embodiment, a cathode buffer layer 41
is formed between the cathode 8 and the second light-
emitting unit 72. The cathode buffer layer 41 contains an
alkali metal or an alkaline earth metal as a main component.
Examples of an alkali metal include, for example, Li, Na,
and K. Examples of an alkaline earth metal include, for
example, Be, Mg, and Ca. It is considered that these atoms
function as a barrier to suppress the entry of indium (In) into
the second light-emitting unit 72 and also function as an
electron supply source.

[0049] Representatively, the cathode buffer layer 41 con-
tains Ca as a main component. The cathode buffer layer 41
is, for example, a Ca crystal layer made of Ca crystals. The
Ca crystal layer is formed on the second light-emitting unit
72 by, for example, a vacuum evaporation method or a
sputtering method. The thickness of the Ca crystal layer is
preferably, for example, approximately 1 nm or more and 10
nm or less. When the thickness is less than 1 nm, the Ca
crystal layer is poor in stability as a film, such that the Ca
crystal layer is formed in an island shape. When the thick-
ness exceeds 10 nm, the luminous efficiency of the element
may be lowered due to optical absorption.

Second Embodiment

[0050] FIG. 4A is a diagram schematically showing a
stacked structure example of the second embodiment. Con-
figurations that are redundant with those of FIG. 2 are
denoted by the same numbers, and will not be described in
detail. FIG. 4B is a graph showing analysis results of an In
concentration in the second embodiment (details will be
described later).

[0051] As another means of suppressing damage to the
light-emitting layer due to the diffusion of indium (In), the
inventors of the present application have conceived of
increasing the distance between the transparent conductive
film and the light-emitting layer more than a conventional
one.

[0052] When it is intended to increase the distance
between the cathode 8 and the second light-emitting layer 18
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in, for example, the stacked structure of FIG. 2, there are
three conceivable ways: one is to thicken only the second
electron transport layer 19; another is to thicken only the
second electron injection layer 20; and the third is to thicken
both the second electron transport layer 19 and the second
electron injection layer 20.

[0053] However, the thickening of the layer leads to an
increase in electrical resistance and thus leads to an increase
in power consumption, thereby causing a problem in that it
is desired to suppress an increase in electrical resistance as
much as possible while increasing the distance between the
cathode 8 and the second light-emitting layer 18 for sup-
pressing the damage to the second light-emitting layer 18.
[0054] In the embodiment, therefore, the ratio of the
thickness of the second electron injection layer 20 to the
thickness of the second electron transport layer 19 is rela-
tively increased. It has been found that the configuration
described above provides an advantageous effect that an
increase in electrical resistance can also be suppressed while
suppressing the damage to the second light-emitting layer
18. It is considered that this is because the second electron
injection layer 20 is doped with an alkali metal such as Li
and the electrical resistance of the second electron injection
layer 20 is smaller than that of the second electron transport
layer 19.

[0055] Specifically, the thickness of the second electron
injection layer 20 is preferably equal to or greater than two
times, more preferably equal to or greater than 2.5 times, and
still more preferably equal to or greater than three times that
of the second electron transport layer 19. With the configu-
ration described above, the above advantageous effect can be
obtained. On the other hand, if the second electron injection
layer 20 is too thick, the above advantageous effect is
saturated; therefore, the thickness of the second electron
injection layer 20 is preferably equal to or less than six
times, and more preferably equal to or less than five times
that of the second electron transport layer 19.

[0056] The thickness of the second electron injection layer
20 is preferably 35 nm or more, more preferably 45 nm or
more, and still more preferably 55 nm or more. With the
configuration described above, the above advantageous
effect can be obtained. On the other hand, if the second
electron injection layer 20 is too thick, the above advanta-
geous effect is saturated; therefore, the thickness of the
second electron injection layer 20 is preferably 120 nm or
less, and more preferably 100 nm or less.

[0057] The thickness of the second electron transport layer
19 is preferably 20 nm or less, more preferably 15 nm or
less, and still more preferably 10 nm or less. With the
configuration described above, the above advantageous
effect can be obtained. On the other hand, in order to fulfill
the function of the second electron transport layer 19, the
thickness of the second electron transport layer 19 is pref-
erably 5 nm or more.

[0058] The thicknesses of the second electron transport
layer 19, the second electron injection layer 20, and the
cathode 8 are determined based on optical distances; there-
fore, when the thickness of the second electron injection
layer 20 is intended to be increased, it is preferable to reduce
the thickness of the cathode 8 in response to the thickness of
the second electron injection layer 20. For this reason, the
ratio of the thickness of the second electron injection layer
20 to the thickness of the cathode 8 is relatively increased in
the embodiment.
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[0059] Specifically, the thickness of the second electron
injection layer 20 is preferably equal to or greater than
one-eighth, more preferably equal to or greater than one-
sixth, and still more preferably equal to or greater than
one-fourth that of the cathode 8. With the configuration
described above, it is possible to obtain the above advanta-
geous effect while suppressing the total thickness of the
second electron injection layer 20 and the cathode 8. On the
other hand, if the second electron injection layer 20 is too
thick, the above advantageous effect is saturated: therefore,
the thickness of the second electron injection layer 20 is
preferably equal to or less than one-half, and more prefer-
ably equal to or less than one-third that of the cathode 8.

[0060] The thickness of the cathode 8 is preferably 260 nm
or less, more preferably 250 nm or less, and still more
preferably 240 nm or less. With the configuration described
above, the above advantageous effect can be obtained.
Moreover, by making the cathode 8 relatively thin, it is
possible to shorten the formation time of the cathode 8. On
the other hand, in order to fulfill the function of the cathode
8, the thickness of the cathode 8 is preferably 180 nm or
more, and more preferably 200 nm or more.

[0061] The first embodiment and the second embodiment
have been individually described above; however, these
embodiments may be combined together. That is, the cath-
ode buffer layer 41 may be formed between the cathode 8
and the second light-emitting unit 72, and also, the thickness
of the second electron injection layer 20 may be increased
relative to the second electron transport layer 19.

[0062] Hereinafter, analysis results of an In concentration
shown in FIGS. 3B, 4B, and 5 will be described. The
analysis of the In concentration has been performed by
time-of-flight secondary ion mass spectrometry (TOF-
SIMS). In FIGS. 3B, 4B, and 5, the horizontal axis repre-
sents the position in a layer thickness direction, while the
vertical axis represents the In concentration on a log scale.

[0063] In the first embodiment according to FIG. 3B, it is
assumed that, for example, the thickness of the cathode 8 is
280 nm, the thickness of the cathode buffer layer 41 is 5 nm,
the thickness of the second electron injection layer 20 is 20
nm, and the thickness of the second electron transport layer
19 is 20 nm.

[0064] In the second embodiment according to F1G. 4B, it
is assumed that, for example, the thickness of the cathode 8
is 240 nm, the thickness of the second electron injection
layer 20 is 60 nm, and the thickness of the second electron
transport layer 19 is 20 nm. It is sufficient for the second
electron injection layer 20 to have a thickness of at most 20
nm in order to fulfill the electron injection function thereof;
however, in the second embodiment, the thickness of the
second electron injection layer 20 is set to be greater than
that.

[0065] In a reference example according to FIG. 5, it is
assumed that, for example, the thickness of the cathode 8 is
280 nm, the thickness of the second electron injection layer
20 is 20 nm, and the thickness of the second electron
transport layer 19 is 20 nm. That is, in the reference
example, the cathode buffer layer 41 as in the first embodi-
ment is not provided, and also, the thick second electron
injection layer 20 as in the second embodiment is not
provided.
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[0066] Ttis assumed that the thicknesses of the other layers
are the same as each other. Moreover, it is assumed that the
materials and formation conditions of the layers are the same
as each other.

[0067] In the first and second embodiments shown in
FIGS. 3B and 4B, the In concentration in the layers of the
second light-emitting unit 72 other than the second electron
injection layer 20 is equal to or less than one-twentieth that
in the cathode 8 (the portion surrounded by the broken line
in the graph). That is, the In concentration in the second
electron transport layer 19 and the second light-emitting
layer 18 is equal to or less than one-twentieth that in the
cathode 8. In the first embodiment, the In concentration in
the second electron injection layer 20 is also equal to or less
than one-twentieth that in the cathode 8. The In concentra-
tion is preferably equal to or less than one-twenty-fifth, and
more preferably equal to or less than one-thirtieth that in the
cathode 8.

[0068] Incontrast, in the reference example shown in FIG.
5, the In concentration in the second light-emitting unit 72
exceeds one-twentieth that in the cathode 8.

[0069] According to this, it is understood that the entry of
In is suppressed by the cathode buffer layer 41 in the first
embodiment in which the cathode buffer layer 41 is pro-
vided. That is, as a result of suppressing the entry of In by
the cathode buffer layer 41, the In concentration in the entire
second light-emitting unit 72 including the second electron
injection layer 20 is suppressed at a low level.

[0070] Moreover, it is understood that the entry of In is
suppressed by the second electron injection layer 20 in the
second embodiment in which the thick second electron
injection layer 20 is provided. That is, as a result of
suppressing the entry of In by the thick second electron
injection layer 20, the In concentration in the layers of the
second light-emitting unit 72 other than the second electron
injection layer 20 is suppressed at a low level.

[0071] FIG. 6 is a graph representing an initial voltage
required to cause a predetermined current to flow into the
light-emitting unit by a relative value. In FIG. 6, the initial
voltage in each of the first embodiment, the second embodi-
ment, and a third embodiment is shown as a relative value
with the initial voltage in the reference example being 0. The
predetermined current is set to, for example, 15 mA/cm?.
The voltage is a voltage that is applied between the anode 6
and the cathode 8, which are disposed so as to interpose the
organic film 7 including the light-emitting units 71 and 72
therebetween.

[0072] Here, the third embodiment is obtained by com-
bining the first embodiment with the second embodiment.
That is, the third embodiment includes both the cathode
buffer layer 41 and the thick second electron injection layer
20. In the third embodiment, it is assumed that, for example,
the thickness of the cathode 8 is 240 nm, the thickness of the
cathode buffer layer 41 is 5 nm, the thickness of the second
electron injection layer 20 is 60 nm, and the thickness of the
second electron transport layer 19 is 20 nm.

[0073] According to this, in the first embodiment and the
third embodiment in each of which the cathode buffer layer
41 is provided, the initial voltage is lowered compared to
that in the reference example. It is considered that the
resistivity was reduced because the cathode buffer layer 41
functioned as an electron supply source. Moreover, in the
second embodiment in which the thick second electron
injection layer 20 is provided, the initial voltage is slightly
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increased compared to that in the reference example. This is
considered to be because the thickness of the second light-
emitting unit 72 was increased.

[0074] FIG. 7A is a graph representing the emission life-
time of the light-emitting unit by a relative value. In FIG.
7A, the emission lifetime in each of the first embodiment,
the second embodiment, and the third embodiment is shown
as a relative value with the emission lifetime in the reference
example being 1. FIG. 7B is a graph representing the
relationship between the In concentration and the emission
lifetime. In FIG. 7B, the relationship between the In con-
centration in the second light-emitting layer 18 and the
emission lifetime in each of the embodiments is plotted.
[0075] The emission lifetime is set to, for example, the
time until the luminance deteriorates to 95%. Herein, the
luminance of light emitted by the second light-emitting layer
18 included in the second light-emitting unit 72 is measured.
The luminance of light emitted by the second light-emitting
layer 18 is measured by, for example, extracting the com-
ponent of an emission color (e.g., blue) of the second
light-emitting layer 18 by spectroscopy.

[0076] According to this, in the first embodiment in which
the cathode buffer layer 41 is provided, the emission lifetime
is increased compared to that in the reference example. This
is considered to be because the amount of In reaching the
second light-emitting layer 18 was reduced by the cathode
buffer layer 41. Moreover, also in the second embodiment in
which the thick second electron injection layer 20 is pro-
vided, the emission lifetime is increased compared to that in
the reference example. This is considered to be because the
amount of In reaching the second light-emitting layer 18 was
reduced by the thick second electron injection layer 20.
[0077] Moreover, the emission lifetime in the second
embodiment is longer than that in the first embodiment. This
is considered to be because the In concentration in the
second embodiment is lower than that in the first embodi-
ment (see FIGS. 3B and 4B).

[0078] FIG. 8A is a graph representing an energizing
voltage rise in the light-emitting unit by a relative value. In
FIG. 8A, the energizing voltage rise in each of the first
embodiment, the second embodiment, and the third embodi-
ment is shown as a relative value with the energizing voltage
rise in the reference example being 0. FIG. 8B is a graph
representing the relationship between the In concentration
and the energizing voltage rise.

[0079] The energizing voltage rise is a change in the
voltage, which is required to cause a predetermined current
to flow, from the initial voltage after a lapse of a predeter-
mined time. The predetermined current is set to, for
example, 15 mA/cm?. The predetermined time is set to, for
example, 100 hours.

[0080] According to this, in the first embodiment in which
the cathode buffer layer 41 is provided, the energizing
voltage rise is low compared to that in the reference
example. This is considered to be because the amount of In
entering the second light-emitting unit 72 was reduced by
the cathode buffer layer 41. Moreover, also in the second
embodiment in which the thick second electron injection
layer 20 is provided, the energizing voltage rise is low
compared to that in the reference example. This is consid-
ered to be because the resistivity is less likely to change even
with the entry of In because the second electron injection
layer 20 is thick.
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[0081] According to the embodiments of the invention
described above, the emission lifetime is improved. and the
energizing voltage rise is suppressed. Therefore, it is pos-
sible to achieve reliability improvement and lower power
consumption in the organic EL display device when the
organic EL display device is formed into a panel.

[0082] While there have been described what are at pres-
ent considered to be certain embodiments of the invention,
it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. An organic EL display device comprising:

an anode;

an organic light-emitting unit formed on the anode; and

a cathode formed on the organic light-emitting unit and

containing In, wherein

the organic light-emitting unit includes

a light-emitting layer, and
an electron injection layer formed between the cathode
and the light-emitting layer, and

an In concentration in layers of the organic light-emitting

unit other than the electron injection layer is equal to or
less than one-twentieth that in the cathode.

2. The organic EL display device according to claim 1,
wherein

an In concentration in the light-emitting layer is equal to

or less than one-twentieth that in the cathode.

3. The organic EL display device according to claim 1,
wherein

the organic light-emitting unit further includes an electron

transport layer formed between the electron injection
layer and the light-emitting layer, and

an In concentration in the electron transport layer is equal

to or less than one-twentieth that in the cathode.

4. The organic EL display device according to claim 1,
further comprising a cathode buffer layer formed between
the cathode and the organic light-emitting unit and contain-
ing an alkali metal or an alkaline earth metal as a main
component.

5. The organic EL display device according to claim 4,
wherein

the cathode buffer layer contains Ca as a main component.

6. The organic EL display device according to claim 4,
wherein

an In concentration in the electron injection layer is also

equal to or less than one-twentieth that in the cathode.

7. The organic EL display device according to claim 3,
wherein

the electron injection layer is doped with an alkali metal,

and

the thickness of the electron injection layer is equal to or

greater than two times that of the electron transport
layer.

8. An organic EL display device comprising:

an anode;

an organic light-emitting unit formed on the anode;

a cathode formed on the organic light-emitting unit and

containing In; and

a cathode buffer layer formed between the cathode and the

organic light-emitting unit and containing an alkali
metal or an alkaline earth metal as a main component.
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