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7) ABSTRACT

The organic EL display panel includes: a substrate; and an
organic electroluminescent element disposed on the sub-
strate, the organic electroluminescent element including, in
the given order: an anode; a light-emitting layer; and a
cathode, the light-emitting layer including multiple light-
emitting portions, the multiple light-emitting portions each
providing a luminescent color different from the luminescent
color of the adjacent light-emitting portion, the multiple
light-emitting portions each containing a luminescent dop-
ant material, the concentration of the luminescent dopant
material in each light-emitting portion changing in the
thickness direction of the light-emitting portion and being at
a local maximum in the vicinity of a first interface on the
anode side and in the vicinity of a second interface on the
cathode side, the local maximum in each light-emitting
portion being 20% by weight or higher of the total weight of
the light-emitting portion.
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ORGANIC ELECTROLUMINESCENT
DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Phase filing under 35
USC 371 application of International Application No. PCT/
IP2014/072574, filed on Aug. 28, 2014, which claims pri-
ority to Japanese Application No. 2014-004327, filed on Jan.
14, 2014, each of which is hereby incorporated by reference
in the present disclosure in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to organic electrolu-
minescent display panels (hereinafter, also referred to as
“organic EL, display panels™). More specifically, the present
invention relates to an organic EL display panel including
light-emitting portions, wherein the luminescent colors of
adjacent light-emitting portions are different from each
other.

BACKGROUND OF THE INVENTION

[0003] Organic electroluminescent elements (hereinafter,
also referred to as “organic EL elements”) utilizing elec-
troluminescence of organic materials have drawn attention
as display elements used for thin display devices. Organic
EL elements emit light by recombining holes injected from
the anode and electrons injected from the cathode within a
light-emitting layer disposed between these electrodes. Such
self-luminous organic EL elements have advantages such as
high-luminance light emission, a high response speed, a
wide viewing angle, a thin profile, and a light weight, and are
therefore expected to be applied to various fields such as
display panels and illumination lamps.

[0004] A light-emitting layer for organic EL elements
provided to organic EL display panels is usually a mixed
layer, obtained by co-deposition, of a luminescent dopant
material mainly providing luminescence and a luminescent
host material mainly transporting holes and electrons. Stud-
ies have been made to enhance the functionality of such
organic EL elements by changing the material composition
of the light-emitting layer. For example, the following
organic EL elements are known.

[0005] Patent Literature 1, for example, discloses an
organic EL element including a light-emitting layer which
includes light-emitting portions each made of a material
obtained by doping, with a luminescent dopant material, a
luminescent host material which is a mixture of materials
such as a material constituting a hole transport layer and a
material constituting an electron-transport layer.

CITATION LIST

[0006] Patent Literature 1: JP 2008-53664 A
SUMMARY OF THE INVENTION
[0007] In production of organic EL display panels that

include multiple pixels and provide display with multiple
luminescent colors, luminescent dopant materials corre-
sponding to the respective luminescent colors may be sepa-
rately vapor-deposited or applied to the respective pixels.
The vapor deposition has been performed by, for example,
a method of vapor-depositing luminescent dopant materials
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corresponding to the respective luminescent colors using a
mask with fine openings (fine metal mask; FMM). In par-
ticular, a vapor deposition apparatus as illustrated in FIG. 7,
for example, has been used for production of large-sized
organic EL display panels.

[0008] FIG. 7 is a schematic view illustrating one example
of a conventional vapor deposition apparatus. As illustrated
in FIG. 7, a conventional vapor deposition apparatus 10
includes, in the order toward a substrate 2, a vapor deposi-
tion source 12 provided with nozzles 11 configured to eject
vapor deposition particles; a limiting plate 14 provided with
openings 13a which are formed in a stripe pattern; and a
mask 15 provided with openings 135 which are formed in a
stripe pattern. Vapor deposition particles ejected from the
nozzles 11 of the vapor deposition source 12 form vapor
deposition streams 16 to pass through the openings 13a of
the limiting plate 14 and the openings 135 of the mask 15,
so that the particles are vapor-deposited at the predetermined
positions on the substrate 2. In this configuration, lumines-
cent dopant materials corresponding to the respective lumi-
nescent colors are sequentially vapor-deposited while the
positions of the nozzles 11 of the vapor deposition source 12,
the openings 13a of the limiting plate 14, and the openings
135 of the mask 15 are adjusted and the substrate 2 or the
vapor deposition apparatus 10 is relatively moved in the
directions of the double-headed arrow illustrated in FIG. 7.
[0009] This vapor deposition technique, however, may
cause color mixture between adjacent pixels, which
decreases the purity of the luminescent colors to deteriorate
the display quality. This disadvantage is presumably caused
by the following phenomena (1) and (2).

[0010] (1) Due to a decrease in the accuracy of alignment
between the substrate and the mask, a luminescent dopant
material for the light-emitting portions of the target pixels
may spread to the adjacent pixels of the target pixels.
[0011] (2) Due to insufficient contact between the sub-
strate and the mask, a luminescent dopant material for the
light-emitting portions of the target pixels may spread to the
adjacent pixels of the target pixels.

[0012] The above phenomena (1) and (2) are described
below based on an example of a conventional organic EL
display panel providing display with Iuminescent colors of
red (R), green (G), and blue (B).

[0013] First, the phenomenon (1) is described with refer-
ence to FIG. 8. FIG. 8 is a schematic cross-sectional view
illustrating one example of an organic EL display panel in
the case where color mixture occurs. As illustrated in FIG.
8, an organic EL display panel 101 includes the substrate 2
and organic EL elements 103 disposed on the substrate 2.
The organic EL elements 103 each include an anode 4
formed on the substrate 2, an edge cover 18 formed to cover
the ends of the anode 4, and a light-emitting layer 19 formed
on the anode 4. This drawing illustrates the state where a
cathode to face the anode 4 has not been formed on the
light-emitting layer 19 yet in each organic EL element 103.
The edge cover 18 is provided with openings 13R, 13G, and
13B which respectively correspond to the light-emitting
regions of pixels 17R, 17G, and 17B. The light-emitting
layer 19 includes light-emitting portions 6R providing a
luminescent color R, light-emitting portions 6G providing a
luminescent color G, and light-emitting portions 6B provid-
ing a luminescent color B. The luminescent colors of adja-
cent light-emitting portions are different from each other.
Such a light-emitting layer 19 is obtained by, for example,
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sequentially vapor-depositing luminescent dopant materials
for the light-emitting portions 6R corresponding to the
pixels 17R, the light-emitting portions 6G corresponding to
the pixels 17G, and the light-emitting portions 6B corre-
sponding to the pixels 17B, using the mask 15 provided with
the openings 135. Here, in formation of the light-emitting
portions 6R, for example, if the substrate 2 and the mask 15
are misaligned to shift the formation position of a light-
emitting portion 6R to the right in FIG. 8, the luminescent
dopant material for the light-emitting portion 6R may spread
to the adjacent pixel 17G. If the light-emitting portion 6G is
formed thereon, the light-emitting portion 6R and the light-
emitting portion 6G may cause color mixture on the anode
4 side of the light-emitting portion 6G as indicated by a color
mixture region AR2. Since the luminescent dopant material
is uniformly distributed in normal light-emitting portions
(e.g. light-emitting portions 6G), in the color mixture region
AR2, the concentration of the luminescent dopant material
constituting the light-emitting portion 6R cannot be ignored,
and thus the desired luminescent color of the light-emitting
portion 6G may not be obtained. The misalignment between
the substrate 2 and the mask 15 can be due to a decrease in
the alignment accuracy between the units (vapor deposition
source, limiting plate, and mask) in the vapor deposition
apparatus, and a warp caused by deterioration of the mask,
for example.

[0014] A case in which color mixture occurs in a region
different from the region illustrated in FIG. 8 is described
with reference to FIG. 9. FIG. 9 is a schematic cross-
sectional view illustrating one example of an organic EL
display panel in the case where color mixture occurs in a
region different from the region illustrated in FIG. 8. FIG. 9
is the same as FIG. 8 except for the positions of the
light-emitting portions 6R and 6G, and thus the same points
as in FIG. 8 are not described here. In the case of forming
the light-emitting portion 6G after formation of the light-
emitting portions 6R, for example, if the substrate 2 and the
mask 15 are misaligned to shift the formation position of the
light-emitting portion 6G to the left in FIG. 9, the lumines-
cent dopant material for the light-emitting portion 6G may
spread to the adjacent pixel 17R. As a result, the light-
emitting portion 6R and the light-emitting portion 6G may
cause color mixture on the side opposite to the anode 4 side
of the light-emitting portion 6R as indicated by a color
mixture region AR3. For this reason, in the color mixture
region AR3, the concentration of the luminescent dopant
material constituting the light-emitting portion 6G cannot be
ignored, and thus the desired luminescent color of the
light-emitting portion 6R may not be obtained.

[0015] Next, the above phenomenon (2) is described with
reference to FIG. 10. FIG. 10 is a schematic cross-sectional
view illustrating one example of an organic EL display panel
in the case where color mixture occurs due to a factor
different from the factor described with reference to FIG. 8.
FIG. 10 is the same as FIG. 8 except for the positions of the
light-emitting portions 6R, and thus the same points as in
FIG. 8 are not described here. In formation of the light-
emitting portions 6R, due to insufficient contact between the
substrate 2 and the mask 15, the luminescent dopant material
for a light-emitting portion 6R may spread to the adjacent
pixel 17G. If the light-emitting portion 6G is formed
thereon, the light-emitting portion 6R and the light-emitting
portion 6G may cause color mixture on the anode 4 side of
the light-emitting portion 6G as indicated by a color mixture
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region AR4. For this reason, in the color mixture region
AR4, the concentration of the luminescent dopant material
constituting the light-emitting portion 6R cannot be ignored,
and thus the desired luminescent color of the light-emitting
portion 6G may not be obtained. In particular, the method
using the vapor deposition apparatus 10 as already described
with reference to FIG. 7 may be performed in the state where
the substrate 2 and the mask 15 are not in contact with each
other, so that the color mixture as described above is more
likely to occur.

[0016] A case in which color mixture occurs in a region
different from the region illustrated in FIG. 10 is described
with reference to FIG. 11. FIG. 11 is a schematic cross-
sectional view illustrating one example of an organic EL
display panel in the case where color mixture occurs in a
region different from the region illustrated in FIG. 10. FIG.
11 is the same as FIG. 10 except for the positions of the
light-emitting portions 6R and 6G, and thus the same points
as in FIG. 10 are not described here. In formation of the
light-emitting portion 6G after formation of the light-emit-
ting portions 6R, due to insufficient contact between the
substrate 2 and the mask 15, the luminescent dopant material
for a light-emitting portion 6G may spread to the adjacent
pixel 17R. As a result, the light-emitting portion 6R and the
light-emitting portion 6G may cause color mixture on the
side opposite to the anode 4 side of the light-emitting portion
6R as indicated by a color mixture region ARS. For this
reason, in the color mixture region AR5, the concentration of
the luminescent dopant material constituting the light-emit-
ting portion 6G cannot be ignored, and thus the desired
luminescent color of the light-emitting portion 6R may not
be obtained.

[0017] As described above, the conventional organic EL
display panels can still be improved to sufficiently suppress
the influence of color mixture and to improve the display
quality.

[0018] Patent Literature 1 discloses that it provides an
organic EL element that can enhance the life characteristics
and further avoid influences of voltage increase, lowering of
the luminous eflicacy, and the other factors, by controlling
the structure of the region to be doped with a luminescent
dopant material, the region to be doped, and the doping
concentration distribution. The invention described in Patent
Literature 1, however, does not mention these problems to
be solved, and therefore needs to be improved to solve these
problems. Also, in the invention described in Patent Litera-
ture 1, the light-emitting layer has a configuration in which
light-emitting portions are stacked. Such a configuration
commonly involves carrier (holes and electrons) trapping in
the interfaces between the light-emitting portions and gen-
eration of diffusion and accumulation of the luminescent
dopant materials, which may lead to deterioration of the
initial characteristics of the organic EL elements and a
shortened life span.

[0019] The present invention was made in view of the
above current state of the art, and aims to provide an organic
EL display panel that can sufficiently suppress the influence
of color mixture and enhance the display quality.

[0020] The inventors have made various studies on
organic EL display panels that can sufficiently suppress the
influence of color mixture and enhance the display quality.
As a result, the inventors have focused on a configuration in
which the concentration of the luminescent dopant material
in each of the light-emitting portions constituting the light-
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emitting layer is set higher on the anode and cathode sides
where color mixture tends to occur than the concentrations
in the other regions. The inventors have then found that the
influence of color mixture can be sufficiently suppressed and
the display quality can be enhanced by use of a configuration
in which the concentration of the luminescent dopant mate-
rial changes in the thickness direction of each of the light-
emitting portions and is at a local maximum in the vicinities
of the interfaces on both the anode and cathode sides, and the
local maximum in each of the light-emitting portions is 20%
by weight or higher of the total weight of the light-emitting
portion obtained in the thickness for which the concentration
of the luminescent dopant material has been measured.
Thereby, the above problems can be solved, so that the
present invention was completed.

[0021] That is, one aspect of the present invention may be
an organic electroluminescent display panel including: a
substrate; and an organic electroluminescent element dis-
posed on the substrate, the organic electroluminescent ele-
ment including, in the given order: an anode; a light-emitting
layer; and a cathode, the light-emitting layer including
multiple light-emitting portions, the multiple light-emitting
portions each providing a luminescent color different from
the luminescent color of the adjacent light-emitting portion,
the multiple light-emitting portions each containing a lumi-
nescent dopant material, the concentration of the lumines-
cent dopant material in each light-emitting portion changing
in the thickness direction of the light-emitting portion and
being at a local maximum in the vicinity of a first interface
on the anode side and in the vicinity of a second interface on
the cathode side, the local maximum in each light-emitting
portion being 20% by weight or higher of the total weight of
the light-emitting portion obtained in the thickness for which
the concentration has been measured.

[0022] The present invention can provide an organic EL
display panel that can sufficiently suppress the influence of
color mixture and enhance the display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic cross-sectional view illus-
trating a pixel in an organic EL display panel of Embodiment
L.

[0024] FIG. 2 is a graph showing the concentration of a
luminescent dopant material corresponding to the a-a' line in
FIG. 1.

[0025] FIG. 3 is a schematic cross-sectional view illus-
trating the organic EL display panel of Embodiment 1 in the
case where color mixture occurs on the anode side in a
light-emitting portion.

[0026] FIG. 4 is a schematic cross-sectional view illus-
trating the organic EL display panel of Embodiment 1 in the
case where color mixture occurs on the cathode side in a
light-emitting portion.

[0027] FIG. § is a schematic cross-sectional view illus-
trating a pixel in an organic EL display panel of Embodiment
2.

[0028] FIG. 6 is a graph showing the concentration of a
luminescent dopant material corresponding to the a-a' line in
FIG. 5.

[0029] FIG. 7 is a schematic view illustrating one example
of a conventional vapor deposition apparatus.

[0030] FIG. 8 is a schematic cross-sectional view illus-
trating one example of an organic EL display panel in the
case where color mixture occurs.
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[0031] FIG. 9 is a schematic cross-sectional view illus-
trating one example of an organic EL display panel in the
case where color mixture occurs in a region different from
the region illustrated in FIG. 8.

[0032] FIG. 10 is a schematic cross-sectional view illus-
trating one example of an organic EL display panel in the
case where color mixture occurs due to a factor different
from the factor described with reference to FIG. 8.

[0033] FIG. 11 is a schematic cross-sectional view illus-
trating one example of an organic EL display panel in the
case where color mixture occurs in a region different from
the region illustrated in FIG. 10.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] The present invention will be described in more
detail below with reference to the drawings based on
embodiments. The embodiments, however, are not intended
to limit the scope of the present invention. The configura-
tions in the embodiments may be appropriately combined or
altered within the spirit of the present invention.

[0035] The organic EL display panel of the present inven-
tion is suitably produced by the method utilizing the vapor
deposition apparatus as already described with reference to
FIG. 7, but may be produced by any other method. Herein,
the vicinity of the interface on the anode side and the vicinity
of the interface on the cathode side in the light-emitting
portion respectively refer to the ranges within 2 nm from the
interface on the anode side and the interface on the cathode
side. Also, the concentration of the luminescent dopant
material is determined for each certain thickness, and is
represented as percentage by weight of the total weight of
the light-emitting portion obtained in the thickness for which
the concentration has been measured. The concentration of
the luminescent dopant material may be measured with a
resolution of 1 nm, and examples of the measurement
method include secondary ion mass spectrometry (SIMS).
The thickness of each component constituting an organic EL
element is defined to be in the direction perpendicular to the
main surface of the substrate. Here, the main surface of a
substrate refers to a surface on the organic EL element side
of the substrate. Organic electroluminescence as used herein
is also referred to as “organic EL”. Organic EL is also called
an organic light emitting diode (OLED).

[0036] Embodiment 1 relates to an organic EL display
panel including an anode, a light-emitting portion, and a
cathode in the order from the substrate side, and to a
configuration in which the concentration of the luminescent
dopant material is at a local maximum in the vicinities of the
interfaces on the anode side and on the cathode side, and is
symmetrically distributed, in the thickness direction of the
light-emitting portion.

[0037] FIG. 1 is a schematic cross-sectional view illus-
trating a pixel in an organic EL display panel of Embodiment
1. Here, the pixel illustrated in FI1G. 1 corresponds to one
pixel in an organic EL display panel in which the lumines-
cent colors of adjacent light-emitting portions are different
from each other as already described with reference to FIGS.
8 to 11. As long as the luminescent colors of adjacent
light-emitting portions are different from each other, the
order of disposing the light-emitting portions and the kind of
the luminescent colors are not particularly limited. As illus-
trated in FIG. 1, an organic EL display panel 1a includes the
substrate 2 and an organic EL element 3a disposed on the
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substrate 2. The organic EL element 3a includes the anode
4, a hole transport layer 5, a light-emitting portion 6a, an
electron transport layer 7, and a cathode 8 in the given order
from the substrate 2 side.

[0038] The substrate 2 is an active matrix substrate pro-
vided with thin-film transistors. The organic EL element 3a
is driven by connecting the anode 4 and the corresponding
thin-film transistor. The substrate 2 can alternatively be, for
example, a transparent substrate. Examples of the transpar-
ent substrate include glass substrates and plastic substrates.
In the case that the transparent substrate is a flexible plastic
substrate, a flexible organic EL display panel can be
obtained.

[0039] The organic EL display panel 1a of Embodiment 1
is a top emission organic EL display panel which emits light
from the cathode 8 side in the case that the anode 4 is light
reflective and the cathode 8 is light transmissive. The
organic EL display panel 1a is a bottom emission organic EL
display panel which emits light from the anode 4 side in the
case that the anode 4 is light transmissive and the cathode 8
is light reflective.

[0040] The electrode having light reflectivity can be made
of, for example, a metal such as aluminum (Al) or indium
(In). The electrode having light transmissivity can be made
of, for example, indium tin oxide (ITO) or indium zinc oxide
(120).

[0041] The hole transport layer 5 can be one included in a
common organic EL element, and may be made of, for
example, 4,4'-bis[N-(1-naphthyl)-N-phenyl-amino]-biphe-
nyl (0-NPD).

[0042] The electron transport layer 7 can be one included
in a common organic EL element, and may be made of, for
example, bathophenanthroline (Bphen).

[0043] The luminescent dopant material for the light-
emitting portion 6a may either be a fluorescent dopant
material or a phosphorescent dopant material. Examples of
the fluorescent dopant material include diamine pyrene-
based blue delayed fluorescence materials. Examples of the
phosphorescent dopant material include tris(2-phenylpyridi-
nato)iridium(1T1) (Ir(ppy)3). The light-emitting portion 6a
may contain a luminescent host material as well as the
luminescent dopant material. Examples of the luminescent
host material include 1,3,5-tris(N-phenylbenzimidazol-2-yl)
benzene (TPBI).

[0044] Next, the concentration of the luminescent dopant
material constituting the light-emitting portion 6a is
described with reference to FIG. 2. FIG. 2 is a graph
showing the concentration of a luminescent dopant material
corresponding to the a-a' line in FIG. 1. The vertical axis in
FIG. 2 indicates the concentration of the luminescent dopant
material and the horizontal axis indicates the position on the
a-a' line in FIG. 1. As illustrated in FIG. 2, the concentration
of the luminescent dopant material has the following char-
acteristics (A) and (B) in the a-a' line direction, i.e., in the
thickness direction of the light-emitting portion 6a.

[0045] (A) The concentration is at a local maximum C,,, ..
(% by weight) in the vicinities of the interface (first inter-
face) on the anode side of the light-emitting portion 6a and
the interface (second interface) on the cathode side of the
light-emitting portion 6a.

[0046] (B) The concentration continuously decreases from
the interface on the anode side of the light-emitting portion
6a and from the interface on the cathode side of the
light-emitting portion 6a to the center portion of the light-
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emitting portion 6q, is at a local minimum C,,, (% by
weight) in the center portion of the light-emitting portion 64,
and is symmetrically distributed.

[0047] The effects of the characteristics (A) and (B) are
described below.

[0048] First, the effect of the characteristic (A) is
described with reference to FIG. 3 and FIG. 4. FIG. 3 is a
schematic cross-sectional view illustrating the organic EL
display panel of Embodiment 1 in the case where color
mixture occurs on the anode side in a light-emitting portion.
FIG. 3 is the same as FIG. 1 except that a thin mixed layer
9 is disposed on the anode 4 side of the light-emitting
portion 6a, and thus the same points as in FIG. 1 are not
described here. The thin mixed layer 9 is a layer in which the
luminescent dopant material constituting the light-emitting
portion 6a is mixed with another luminescent dopant mate-
rial constituting the adjacent light-emitting portion. Color
mixture occurs here. Since the concentration of the lumi-
nescent dopant material constituting the light-emitting por-
tion 6a has the above characteristic (A), the concentration of
the luminescent dopant material constituting the adjacent
light-emitting portion in the thin mixed layer 9 is compara-
tively small on the anode 4 side of the light-emitting portion
6a, and thus can be ignored. As a result, the desired
luminescent color for the light-emitting portion 6a can be
obtained.

[0049] A case in which color mixture occurs in a region
different from the region illustrated in FIG. 3 is described
with reference to FIG. 4. FIG. 4 is a schematic cross-
sectional view illustrating the organic EL display panel of
Embodiment 1 in the case where color mixture occurs on the
cathode side in a light-emitting portion. FIG. 4 is the same
as FIG. 3 except that the thin mixed layer 9 is disposed on
the cathode 8 side of the light-emitting portion 64, and thus
the same points as in FIG. 3 are not described here. Since the
concentration of the luminescent dopant material constitut-
ing the light-emitting portion 6a has the above characteristic
(A), the concentration of the luminescent dopant material
constituting the adjacent light-emitting portion in the thin
mixed layer 9 is comparatively small on the cathode 8 side
of the light-emitting portion 6a, and thus can be ignored. As
a result, the desired luminescent color for the light-emitting
portion 6a can be obtained.

[0050] Here, the local maximum C,__is 20% by weight or
higher, and is preferably 50% by weight or higher. If the
local maximum C, . is lower than 20% by weight, the
concentration may be equal to or lower than the concentra-
tion of the luminescent dopant material in a common organic
EL element, leading to a failure in achieving the effects of
the present invention. In the case that the local maximum
C,,. 15 50% by weight or higher, the influence of the color
mixture can be further suppressed. The local maximum C,,, .
is preferably lower than 90% by weight. If the local maxi-
mum C,,,. is 90% by weight or higher, the luminescent
dopant material itself may cause carrier trapping, thereby
lowering the luminous efficacy. In the case that there are
multiple luminescent dopant materials constituting the light-
emitting portion 6a, the local maximum C, _ is defined
based on the total concentration of these luminescent dopant
materials. Also, from the viewpoint of sufficient prevention
of the carrier trapping effect of the luminescent dopant
material itself, the region with a high concentration of the
luminescent dopant material is preferably narrow. Specifi-
cally, the thickness of the region is suitably designed
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depending on the factors such as the materials (luminescent
dopant material and luminescent host material) constituting
the light-emitting portion and the thickness of the light-
emitting portion. For example, a region having a concen-
tration of the luminescent dopant material of 20% by weight
or higher preferably has a thickness of 10 nm or smaller,
while a region having a concentration of the luminescent
dopant material of 50% by weight or higher preferably has
a thickness of 5 nm or smaller.

[0051] As described above, the organic EL display panel
of Embodiment 1 can sufficiently suppress the influence of
color mixture and enhance the display quality. Also, since
the desired luminescent colors can be obtained, a high-
performance organic EL display panel that do not cause a
decrease in the color characteristics or reduction in the color
reproduction range can be obtained.

[0052] Next, the effect of the above characteristic (B) is
described. When the concentration of the luminescent dop-
ant material constituting the light-emitting portion 6a has the
above characteristic (B), localization in the carrier distribu-
tion and the light emission distribution can be prevented, and
stable light emission can be achieved under drive conditions
in a wide range. If localization in the carrier distribution and
the light emission distribution occurs, the states such as light
emission distribution may be significantly changed depend-
ing on the drive conditions, whereby the characteristics may
significantly be varied. Also, stress may be applied to part of
the light-emitting portion, lowering the reliability.

[0053] Here, the local minimum C,,,,, changes depending
on factors such as the material constituting the light-emitting
portion 6a and the luminescent color thereof, but is prefer-
ably lower than 20% by weight. In the case that there are
multiple luminescent dopant materials constituting the light-
emitting portion 6a, the local minimum C,,,,, is defined based
on the total concentration of these luminescent dopant
materials. Although the concentration of the luminescent
dopant material is defined to be symmetrically distributed,
the concentration may be substantially symmetrically dis-
tributed as in a configuration in which the concentration is
at a local minimum C,,, in a range within 5 nm from the
center portion of the light-emitting portion 6a, a configura-
tion in which the difference between the local maximum in
the vicinity of the interface on the anode 4 side and the local
maximum in the vicinity of the interface on the cathode 8
side is within 20% by weight, or a configuration obtained by
combining these configurations. Such a substantially sym-
metrical distribution can also achieve the effect of the
characteristic (B).

[0054] As described above, the organic EL display panel
of Embodiment 1 can achieve the effect of the above
characteristic (B) as well as the effect of the above charac-
teristic (A). In the organic EL display panel of Embodiment
1, the concentration of the luminescent dopant material is
not increased throughout the entire light-emitting portion 6a
but is increased on the anode 4 side and the cathode 8 side
where color mixture occurs easily. Hence, the increase is
considered not to have an influence on the light emission
characteristics.

[0055] Here, the light-emitting portion 64 having a con-
centration distribution of the luminescent dopant material as
illustrated in FIG. 2 may be obtained by, in the case of using
a vapor deposition apparatus, for example, a method of
simply changing the vapor deposition rate of each material
constituting the light-emitting portion 6a. Simple adjustment
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of the film formation conditions enables achievement of the
concentration distribution of the luminescent dopant mate-
rial as illustrated in FIG. 2.

[0056] The organic EL element 3a may appropriately
include a hole injection layer, an electron injection layer, a
hole-blocking layer, and an electron-blocking layer in addi-
tion to the components described in Embodiment 1, and a
layer having two or more functions, such as a hole injection/
hole transport layer obtained by integrating a hole injection
layer and the hole transport layer 5 or an electron injection/
electron transport layer obtained by integrating an electron
injection layer and the electron transport layer 7. It is also
apparent that the same effects as those achieved by the
organic EL display panel of Embodiment 1 can be achieved
by a configuration obtained by reversing the order of layers
in the organic EL element 34, in other words, a configuration
including the cathode 8, the electron transport layer 7, the
light-emitting portion 6a, the hole transport layer 5, and the
anode 4 in the order from the substrate 2 side.

[0057] Embodiment 2 relates to an organic EL display
panel including an anode, a light-emitting portion, and a
cathode in the order from the substrate side, and to a
configuration in which the concentration of the luminescent
dopant material is at a local maximum in the vicinities of the
interfaces on the anode side and on the cathode side, and is
symmetrically distributed differently from the distribution in
Embodiment 1, in the thickness direction of the light-
emitting portion. The organic EL display panel of Embodi-
ment 2 is the same as that of Embodiment 1 except for the
concentration distribution of the luminescent dopant mate-
rial, and thus the same points are not described here.
[0058] FIG. 5 is a schematic cross-sectional view illus-
trating a pixel in an organic EL display panel of Embodiment
2. As illustrated in FIG. 5, an organic EL display panel 15
includes the substrate 2 and an organic EL element 3b
disposed on the substrate 2. The organic EL element 3b
includes the anode 4, the hole transport layer 5, a light-
emitting portion 65, the electron transport layer 7, and the
cathode 8 in the order from the substrate 2 side.

[0059] Next, the concentration of the luminescent dopant
material constituting the light-emitting portion 64 is
described with reference to FIG. 6. FIG. 6 is a graph
showing the concentration of a luminescent dopant material
corresponding to the a-a' line in FIG. 5. The vertical axis in
FIG. 6 indicates the concentration of the luminescent dopant
material and the horizontal axis indicates the position on the
a-a' line in FIG. 5. As illustrated in FIG. 6, the concentration
of the luminescent dopant material has the following char-
acteristics (C) and (D) in the a-a' line direction, i.e., in the
thickness direction of the light-emitting portion 64.

[0060] (C) The concentration is at a local maximum C,, .
(% by weight) in the vicinities of the interface (first inter-
face) on the anode side of the light-emitting portion 65 and
the interface (second interface) on the cathode side of the
light-emitting portion 6.

[0061] (D) The concentration continuously decreases from
the interface on the anode side of the light-emitting portion
66 and from the interface on the cathode side of the
light-emitting portion 6b, and is symmetrically distributed.
In addition, in a region including the center portion of the
light-emitting portion 65, the concentration shows a constant
concentration region with a concentration of the luminescent
dopant material of C_,,, (the concentration of the lumines-
cent dopant material in the center portion: % by weight).



US 2016/0322430 Al

[0062] The effects of the characteristics (C) and (D) are
described below.

[0063] First, the effect of the above characteristic (C) is
described. The characteristic (C) is the same as the charac-
teristic (A) already described in Embodiment 1. Hence, the
concentration of the luminescent dopant material constitut-
ing the light-emitting portion 65 having the above charac-
teristic (C) of course can achieve the same effect as that
having the above characteristic (A).

[0064] As described above, the organic EL display panel
of Embodiment 2 can sufficiently suppress the influence of
color mixture and enhance the display quality. Also, since
the desired luminescent colors can be obtained, a high-
performance organic EL display panel that does not cause a
decrease in the color characteristics or reduction in the color
reproduction range can be obtained.

[0065] Next, the effect of the above characteristic (D) is
described. The characteristic (D) is the same as the charac-
teristic (B) already described in Embodiment 1 except that
the concentration shows a constant concentration region in
the region including the center portion of the light-emitting
portion 65. Hence, the concentration of the luminescent
dopant material constituting the light-emitting portion 65
having the above characteristic (D) of course can achieve the
same effect as that having the above characteristic (B). The
organic EL display panel of Embodiment 2 can achieve the
following additional effects as well as the above effects.
[0066] In the light-emitting portion of the organic EL
display panel, the light-emitting position (the positions
where the carriers recombine) may be different under dif-
ferent drive conditions. For example, the light-emitting
position may be moved from the center portion of the
light-emitting portion to the anode side or the cathode side
as the drive voltage is increased. In the organic EL display
panel of Embodiment 1, the concentration of the lumines-
cent dopant material constituting the light-emitting portion
6a gradually increases as the measured position is moved
farther from the center portion of the light-emitting portion
6a as illustrated in FIG. 2, so that the luminescent spectrum
and the luminous efficacy may be more variable. In contrast,
in the organic EL display panel of Embodiment 2, since the
concentration of the luminescent dopant material constitut-
ing the light-emitting portion 65 shows a constant concen-
tration region in the region including the center portion of
the light-emitting portion 64 as illustrated in FIG. 6, the
change in the luminous spectrum and the luminous efficacy
can be suppressed in the case that the light-emitting position
is moved within such a constant concentration region. As a
result, stable light emission characteristics can be main-
tained under drive conditions in a wide range. Such a range
of the constant concentration region can be suitably
designed in consideration of the combination of the mate-
rials (luminescent dopant material and luminescent host
material) constituting the light-emitting portion and the
mixing ratio (ratio by weight) of the materials, and can be set
to the optimum for the light-emitting position in consider-
ation of the drive conditions.

[0067] Here, the concentration C__, of the luminescent
dopant material in the center portion of the light-emitting
portion 65 changes depending on the materials constituting
the light-emitting portion 64, the luminescent color thereof,
and the other factors, but is preferably lower than 20% by
weight. In the case that there are multiple luminescent
dopant materials constituting the light-emitting portion 64,
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the concentration C_,,,, is defined based on the total concen-
tration of these luminescent dopant materials. Although the
concentration of the luminescent dopant material is defined
to be symmetrically distributed, the concentration may be
substantially symmetrically distributed as in a configuration
in which the center position of the constant concentration
region is in a range within 5 nm from the center portion of
the light-emitting portion 65, a configuration in which the
difference between the local maximum in the vicinity of the
interface on the anode 4 side and the local maximum in the
vicinity of the interface on the cathode 8 side is within 20%
by weight, or a configuration obtained by combining these
configurations. Such a substantially symmetrical distribu-
tion can also achieve the effect of the characteristic (D).
Also, the constant concentration region in which the con-
centration of the luminescent dopant material is C,,,
changes depending on the materials constituting the light-
emitting portion 65, the luminescent color thereof, and the
other factors. For example, the constant concentration region
may be a region having a concentration range of C_,,,+10%
by weight and a thickness of 20 nm or greater.

[0068] As described above, the organic EL display panel
of Embodiment 2 can achieve the effect of the above
characteristic (D) as well as the effect of the above charac-
teristic (C). In the organic EL display panel of Embodiment
2, the concentration of the luminescent dopant material is
not increased throughout the entire light-emitting portion 65
but is increased on the anode 4 side and the cathode 8 side
where color mixture occurs easily. Hence, the increase is
considered not to have an influence on the light emission
characteristics.

[0069] Here, the light-emitting portion 65 having a con-
centration distribution of the luminescent dopant material as
illustrated in FIG. 6 may be obtained by, in the case of using
a vapor deposition apparatus, for example, a method of
simply changing the vapor deposition rate of each material
constituting the light-emitting portion 6. Simple adjustment
of the film formation conditions enables achievement of the
concentration distribution of the luminescent dopant mate-
rial as illustrated in FIG. 6.

[0070] Hereinafter, examples of the preferred modes of the
organic EL display panel of the present invention are
described. These examples may be appropriately combined
within the spirit of the present invention.

[0071] The concentration of the luminescent dopant mate-
rial in each light-emitting portion may be substantially
symmetrically distributed in the thickness direction of the
light-emitting portion. The concentration of the luminescent
dopant material in each light-emitting portion may continu-
ously decrease from the first and second interface sides to
the center portion of the light-emitting portion and may be
at a local minimum in the center portion, in the thickness
direction of the light-emitting portion. Thereby, localization
in the carrier distribution and the light emission distribution
can be prevented, and stable light emission can be achieved
under drive conditions in a wide range.

[0072] The concentration of the luminescent dopant mate-
rial in each light-emitting portion may continuously
decrease from the first and second interface sides and may
show a constant concentration region in a region including
the center portion of the light-emitting portion, in the
thickness direction of the light-emitting portion. Thereby,
localization in the carrier distribution and the light emission
distribution can be prevented, and stable light emission can
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be achieved under drive conditions in a wide range. Fur-
thermore, changes in the luminous spectrum and the lumi-
nous efficacy can be suppressed when the light-emitting
position is moved from the center portion depending on the
drive conditions, and stable light emission characteristics
can be maintained under drive conditions in a wide range.
[0073] The constant concentration region may have a
thickness of 20 nm or greater. Thereby, changes in the
luminous spectrum and the luminous efficacy can be further
suppressed when the light-emitting position is moved from
the center portion depending on the drive conditions, and
stable light emission characteristics can be further main-
tained under drive conditions in a wide range.

[0074] The local maximum in each light-emitting portion
may be 50% by weight or higher of the total weight of the
light-emitting portion obtained in the thickness for which the
concentration has been measured. Thereby, the influence of
color mixture can be further suppressed.

[0075] The local maximum in each light-emitting portion
may be lower than 90% by weight of the total weight of the
light-emitting portion obtained in the thickness for which the
concentration has been measured. If the local maximum is
90% by weight or higher, the luminescent dopant material
itself may cause carrier trapping, thereby lowering the
luminous efficacy.

[0076] A region having a concentration of the luminescent
dopant material of 20% by weight or higher may have a
thickness of 10 nm or smaller. A region having a concen-
tration of the luminescent dopant material of 50% by weight
or higher may have a thickness of 5 nm or smaller. Thereby,
the carrier trapping effect of the luminescent dopant material
itself can be sufficiently prevented, and thus a decrease in the
luminous efficacy can be prevented.

REFERENCE SIGNS LIST

[0077] 1a, 15, 101: organic EL display panel
[0078] 2: substrate

[0079] 3a, 35, 103: organic EL element
[0080] 4: anode

[0081] 5: hole transport layer

[0082] 6a, 65, 6R, 6G, 6B: light-emitting portion
[0083] 7: electron transport layer

[0084] 8: cathode

[0085] 9: thin mixed layer

[0086] 10: vapor deposition apparatus

[0087] 11: nozzle

[0088] 12: vapor deposition source

[0089] 134, 135, 13R, 13G, 13B: opening
[0090] 14: limiting plate

[0091] 15: mask

[0092] 16: vapor deposition stream

[0093] 17R, 17G, 17B: pixel

[0094] 18: edge cover

[0095] 19: light-emitting layer

[0096] ARI: constant concentration region
[0097] AR2, AR3, AR4, ARS: color mixture region

1. An organic electroluminescent display panel compris-
ing:
a substrate; and
an organic electroluminescent element disposed on the
substrate, the organic electroluminescent element com-
prising, in the given order:
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an anode;
a light-emitting layer; and
a cathode,
the light-emitting layer including multiple light-emitting
portions,

the multiple light-emitting portions each providing a
luminescent color different from the luminescent color
of the adjacent light-emitting portion,

the multiple light-emitting portions each containing a
luminescent dopant material,

the concentration of the luminescent dopant material in
each light-emitting portion changing in the thickness
direction of the light-emitting portion and being at a
local maximum in the vicinity of a first interface on the
anode side and in the vicinity of a second interface on
the cathode side,

the local maximum in each light-emitting portion being
20% by weight or higher of the total weight of the
light-emitting portion obtained in the thickness for
which the concentration has been measured.

2. The organic electroluminescent display panel of claim

15

wherein the concentration of the luminescent dopant
material in each light-emitting portion is substantially
symmetrically distributed in the thickness direction of
the light-emitting portion.

3. The organic electroluminescent display panel of claim

2,

wherein the concentration of the luminescent dopant
material in each light-emitting portion continuously
decreases from the first and second interface sides to
the center portion of the light-emitting portion and is at
a local minimum in the center portion, in the thickness
direction of the light-emitting portion.

4. The organic electroluminescent display panel of claim

27

wherein the concentration of the luminescent dopant
material in each light-emitting portion continuously
decreases from the first and second interface sides and
shows a constant concentration region in a region
including the center portion of the light-emitting por-
tion, in the thickness direction of the light-emitting
portion.

5. The organic electroluminescent display panel of claim
4, wherein the constant concentration region has a thickness
of 20 nm or greater.

6. The organic electroluminescent display panel of claim
1,

wherein the local maximum in each light-emitting portion
is 50% by weight or higher of the total weight of the
light-emitting portion obtained in the thickness for
which the concentration has been measured.

7. The organic electroluminescent display panel of claim

15

wherein the local maximum in each light-emitting portion
is lower than 90% by weight of the total weight of the
light-emitting portion obtained in the thickness for
which the concentration has been measured.

8. The organic electroluminescent display panel of claim

1,

wherein a region having a concentration of the lumines-
cent dopant material of 20% by weight or higher has a
thickness of 10 nm or smaller.



US 2016/0322430 Al

9. The organic electroluminescent display panel of
wherein a region having a concentration of the lumines-
cent dopant material of 50% by weight or higher has a
thickness of 5 nm or smaller.
10. The organic electroluminescent display panel of claim
13
wherein the multiple light-emitting portions include a first
light-emitting portion and a second light-emitting pot-
tion adjacent to the first light-emitting portion, and
the first light-emitting portion is provided with, on one of
the anode side and the cathode side thereof, a thin
mixed layer in which a luminescent dopant material
constituting the first light-emitting portion is mixed
with a luminescent dopant material constituting the
second light-emitting portion.
11. The organic electroluminescent display panel of claim
10,
wherein the concentration of the luminescent dopant
material constituting the second light-emitting portion
in the thin mixed layer is smaller than the concentration
of the luminescent dopant material constituting the first
light-emitting portion in the thin mixed layer.
12. The organic electroluminescent display panel of claim
45
wherein the light-emitting position in each light-emitting
portion is shifted from the center portion of the light-
emitting portion to one of the anode side and the
cathode side.
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