US 20160293676A1

12) Patent Application Publication (o) Pub. No.: US 2016/0293676 A1l

a9y United States

KOMATSU (43) Pub, Date: Oct, 6, 2016
(54) ORGANIC EL DISPLAY PANEL, DISPLAY HOIL 51/00 (2006.01)
DEVICE USING SAME, AND METHOD FOR HOIL 51/50 (2006.01)
PRODUCING ORGANIC EL DISPLAY PANEL  (52) US. C.

(71)  Applicant: JOLED INC., Chiyoda-ku, Tokyo (JP)

(72) Inventor: Takahiro KOMATSU, Tokyo (JP)

(73) Assignee: JOLED INC., Tokyo (IP)
(21) Appl. No.: 15/035,335
(22) PCT Filed: Now. 13, 2014
(86) PCT No.:

§ 371 (e)(1),
(2) Date:

PCT/IP2014/005709

May 9, 2016
(30) Foreign Application Priority Data

Nov. 15,2013 (JP) oo 2013-237068

Publication Classification

(51) Int.CL
HOIL 27/32 (2006.01)
HOIL 51/56 (2006.01)

2004

CPC ... HOIL 27/3213 (2013.01); HOIL 27/3211
(2013.01); HOIL 51/504 (2013.01); HOIL

27/322 (2013.01); HOIL 51/56 (2013.01);

HOIL 51/0003 (2013.01); HOIL 51/0008

(2013.01); HOIL 51/0005 (2013.01); HOIL

51/5012 (2013.01)

7) ABSTRACT

An organic EL display panel includes: a first pixel electrode
and a red organic light-emitting layer sequentially disposed
in red subpixel region; a second pixel electrode and a green
organic light-emitting layer sequentially disposed in green
subpixel region; a third pixel electrode and a first blue
organic light-emitting layer sequentially disposed in blue
subpixel region; a charge generation layer disposed above
the red, green, and first blue light-emitting layers; a second
blue organic light-emitting layer disposed on the charge
generation layer in the entire subpixel regions; a counter
electrode disposed above the second blue light-emitting
layer 1n the entire subpixels regions; a first light conversion
layer disposed above the second blue light-emitting layer in
the red subpixel region, and converts blue light to red light;
and a second light conversion layer disposed above the
second blue light-emitting layer in the green subpixel
region, and converts blue light to green light.
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ORGANIC EL DISPLAY PANEL, DISPLAY
DEVICE USING SAME, AND METHOD FOR
PRODUCING ORGANIC EL DISPLAY PANEL

TECHNICAL FIELD

[0001] The present disclosure relates to an organic electro
luminescence (EL) display panel that rely on electrolumi-
nescence phenomenon of organic materials, a display device
using the same, and a manufacturing method of the organic
EL display panel.

BACKGROUND ART

[0002] There have been recently put into practical use, as
display panels for display devices such as digital televisions,
organic EL panels that include organic light-emitting ele-
ments arranged on a substrate in a matrix and rely on
electroluminescence phenomenon of organic materials.
[0003] A commonly known structure of such organic EL.
display panels is that drive circuits (for example, including
thin film transistor (TFT) elements) are disposed on a
substrate, an insulating layer is disposed on the drive cir-
cuits, and organic light-emitting elements are further
arranged on the insulating layer. The organic light-emitting
elements each include, as the basic structure, an anode that
is disposed on the insulating layer, a laminate that is dis-
posed on the anode and is composed of a light-emitting layer
made of an organic light-emitting material and a functional
layer, and a transparent conductive cathode that is disposed
on the laminate. Such organic light-emitting elements are
current-driven light-emitting elements. When the organic
light-emitting elements are driven, voltage is applied
between each anode and the cathode, and holes and electrons
injected to the light-emitting layer recombine with each
other, and thus the organic light-emitting elements emit
light.

[0004] According to the organic EL display panels, the
organic light-emitting elements each form any one of
respective subpixels of red (R), green (G), and blue (B)
colors, and each adjacent red, green, and blue subpixels
constitute a single pixel. It is important to improve the
luminous efficiency and the life property of the respective
organic EL elements of the R, G, and B colors, from the
standpoint of reducing the power consumption, increasing
the operating life of the organic EL display panels, and the
like. The blue organic EL elements tend to have the shortest
operating life among the respective organic EL elements of
the R, G, and B colors, and accordingly there has been a
problem that the operating life of the blue organic EL
elements needs to be prolonged in order to prolong the
operating life of display devices.

[0005] In view of the problem, Patent Literature 1 has
proposed a technology of realizing luminous efficiency
improvement, operating life prolonging, cost reduction in
the manufacturing facilities, and productivity improvement
in an organic EL display panel by using the nozzle printing
method and the vacuum deposition method to adopt the
multiphoton emission structure in which only blue light-
emitting elements are stacked in two layers (see for example
paragraph 0065). Specifically, red light-emitting layers,
green light-emitting layers, and first blue light-emitting
layers are formed by the wet deposition method, and then a
charge generation layer is formed only in each blue subpixel
region by the vacuum deposition method. Further, a second
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blue light-emitting layer is formed by the vacuum deposition
method so as to cover the red light-emitting layers, the green
light-emitting layers, and the charge generation layers. The
second blue light-emitting layer exhibits an electron trans-
port function on the red light-emitting layers and the green
light-emitting layers, and functions as a blue light-emitting
layer on the charge generation layers. Patent Literature 1
discloses that this structure realizes operating life prolonging
of the blue organic light-emitting elements, cost reduction in
the manufacturing facilities, and productivity improvement.

CITATION LIST

Patent Literature

[0006] Japanese Patent Application Publication No. 2013-
73759
SUMMARY OF INVENTION
Technical Problem
[0007] However, there has been a demand for further

improvement in luminous efficiency and productivity in
organic EL display panels in order to realize luminance
increase, power consumption lowering, and cost reduction
of display devices.

[0008] In view of the above problem, the present disclo-
sure aims to provide an organic EL display panel having a
further improved luminous efliciency and productivity in an
organic EL display panel having the multiphoton emission
structure.

Solution to Problem

[0009] One aspect of the present disclosure provides an
organic EL display panel that includes pixels each of which
is composed of a red subpixel, a green subpixel, and a blue
subpixel, the organic EL display panel comprising: a sub-
strate; a barrier rib that is disposed on the substrate, and
partitions between a red subpixel region, a green subpixel
region, and a blue subpixel region of the respective red,
green, and blue subpixels; a first pixel electrode and a red
organic light-emitting layer that are disposed above the
substrate sequentially from a side of the substrate in the red
subpixel region; a second pixel electrode and a green organic
light-emitting layer that are disposed above the substrate
sequentially from the side of the substrate in the green
subpixel region; a third pixel electrode and a first blue
organic light-emitting layer that are disposed above the
substrate sequentially from the side of the substrate in the
blue subpixel region; a charge generation layer that is
disposed above the red, green, and first blue organic light-
emitting layers; a second blue organic light-emitting layer
that is disposed on the charge generation layer in the red,
green, and blue subpixel regions; a counter electrode of the
first, second, and third pixel electrodes that is disposed
above the second blue organic light-emitting layer in the red,
green, and blue subpixels regions; a first light conversion
layer that is disposed above the second blue organic light-
emitting layer in the red subpixel region, and converts blue
light to red light; and a second light conversion layer that is
disposed above the second blue organic light-emitting layer
in the green subpixel region, and converts blue light to green

light.
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Advantageous Effects of Invention

[0010] According to the organic EL display panel relating
to the above aspect having the structure described above,
blue light, which is emitted from the blue organic light-
emitting layer in each red subpixel region, is converted to
red light, and blue light, which is emitted from the blue
organic light-emitting layer in each green subpixel region, is
converted to green light, and then the converted light is
emitted as light which is output from the organic EL display
panel. Also, the loss of deposition materials, which has
conventionally been caused by the use of the shadow mask
method, is prevented, and an alignment process of a precise
mask at a high precision is eliminated. As a result, it is
possible to improve the luminous efficiency and the produc-
tivity in the organic EL display panel having the multiphoton
emission structure.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a cross-sectional view schematically
showing the pixel structure in an organic EL display panel
100 relating to Embodiment 1.

[0012] FIG. 2 shows an example of an outer appearance of
a display device 1000 relating to Embodiment 1.

[0013] FIG. 3 shows functional blocks of the display
device 1000 relating to Embodiment 1.

[0014] FIG. 4A to FIG. 4F are views for explaining a
manufacturing method of the organic EL display panel 100
relating to Embodiment 1.

[0015] FIG. 5A to FIG. 5E are views for explaining the
manufacturing method of the organic EL display panel 100
relating to Embodiment 1.

[0016] FIG. 6A to FIG. 6D are views for explaining the
manufacturing method of the organic EL display panel 100
relating to Embodiment 1.

[0017] FIG. 7 is a schematic view showing energy states
of organic light-emitting layers 6 and a second blue organic
light-emitting layer 9 of the organic EL display panel 100
relating to Embodiment 1.

[0018] FIG. 8 is a cross-sectional view schematically
showing a display function of the organic EL display panel
100 relating to Embodiment 1.

[0019] FIG. 9 is a cross-sectional view schematically
showing the pixel structure in an organic EL display panel
100A relating to Modification 1.

[0020] FIG. 10 is a cross-sectional view schematically
showing the pixel structure in an organic EL display panel
100B relating to Modification 2.

[0021] FIG. 11 is a cross-sectional view schematically
showing the pixel structure in an organic EL display panel
200 relating to Embodiment 2.

[0022] FIG. 12A to FIG. 12G are views for explaining a
manufacturing method of the organic EL display panel 200
relating to Embodiment 2.

[0023] FIG. 13Ato FIG. 13D are views for explaining the
manufacturing method of the organic EL display panel 200
relating to Embodiment 2.

[0024] FIG. 14A to FIG. 14E are views for explaining the
manufacturing method of the organic EL display panel 200
relating to Embodiment 2.

[0025] FIG. 15 is a cross-sectional view schematically
showing the pixel structure in an organic EL display panel
200A relating to Modification 4.
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DESCRIPTION OF EMBODIMENTS

[0026] <Process by Which Embodiments of the Present
Disclosure Were Achieved>

[0027] According to the organic EL display panel dis-
closed in Patent Literature 1, as described above, it is
possible to increase the current efficiency, which indicates
the magnitude relative to the current, by adopting the
multiphoton emission structure in which light-emitting lay-
ers are stacked in two layers. This seems to be because of the
following reason. The first blue light-emitting layers, which
are made of a fluorescent light-emitting material, exhibit a
lower luminous efficiency than the red and green light-
emitting layers, which are made of a phosphor light-emitting
material. Compared with this, a blue light-emitting layer,
which is formed by the vacuum process, is made of a
fluorescent light-emitting material, but exhibits a higher
luminous efficiency than the first blue light-emitting layers,
which are formed by the wet process. By using this blue
light-emitting layer as the second blue light-emitting layer,
it is possible to compensate the low luminance of the first
blue light-emitting layers, which exhibit a lower luminous
efficiency than the red and green light-emitting layers.
Generally, the driving life of an organic EL display panel
prolongs as the current load in driving reduces. According to
the organic EL display panel disclosed in Patent Literature
1, it seems that addition of the second blue light-emitting
layer improves the current efficiency, and thereby to prolong
the operating life of the blue light emitting elements owing
to the decrease of the current necessary for achieving a
desired luminance.

[0028] The organic EL display panel disclosed in Patent
Literature 1 includes the second blue light-emitting layer
that is formed by the vacuum deposition method on the red
and green light-emitting layers and above the first blue
light-emitting layers. However, only part of the second blue
light-emitting layer, which is formed above the first blue
light-emitting layer, contributes to light emission from the
organic EL display panel.

[0029] As described above, further improvement in lumi-
nous efficiency in organic EL display panels has been
demanded in order to further improve the luminance and
further reduce the power consumption of display devices. To
meet this demand, the inventor considered that further
luminance improvement as the entire organic EL. display
panel is realized by extracting and outputting light from
parts of the second blue light-emitting layer on the red and
green light-emitting layers as well as light from the part of
the second blue light-emitting layer above the first blue
light-emitting layers and thereby improving the luminance
in red and green subpixel regions as well as in blue subpixel
regions.

[0030] Also, a problem in the productive efliciency of
organic EL display panels occurs due to the structure dis-
closed in Patent Literature 1 in which a charge generation
layers is formed only in each blue subpixel region by the
vacuum deposition method. Specifically, in order to form the
charge generation layer only in each blue subpixel region by
the vacuum deposition method, patterning is necessary with
use of a precise mask having apertures aligned only with the
blue subpixel region by the shadow mask method. This
causes a great loss of deposition materials due to adhesion
of the deposition materials to the entire mask including the
apertures, and results in cost increase. Further, the produc-
tive efficiency is reduced due to alignment of the apertures



US 2016/0293676 Al

of the precise mask with parts of the bank for the blue
subpixels at a high precision. In order to prevent the cost
increase and the productive efliciency reduction and thereby
to realize a further cost reduction of organic EL display
panels, it seems to be effective to use the vacuum deposition
method for deposition over the entire pixel regions without
using the shadow mask method and thereby to effectively
utilize the materials, in terms of the material cost and the
productive efficiency.

[0031] In view of this, the inventor earnestly considered
the device structure of an organic EL display panel having
the multiphoton emission structure that can increase the
luminance in red and green subpixel regions as well as blue
subpixel regions and can be manufactured by the vacuum
deposition method in which deposition is performed over the
entire pixel regions without using the shadow mask method.
As a result, the inventor conceived of the organic EL display
panel described in embodiments of the present disclosure.

[0032] <Outline of Embodiments of the Present Disclo-
sure>
[0033] One aspect of the present disclosure provides an

organic EL display panel that includes pixels each of which
is composed of a red subpixel, a green subpixel, and a blue
subpixel, the organic EL display panel comprising: a sub-
strate; a barrier rib that is disposed on the substrate, and
partitions between a red subpixel region, a green subpixel
region, and a blue subpixel region of the respective red,
green, and blue subpixels; a first pixel electrode and a red
organic light-emitting layer that are disposed above the
substrate sequentially from a side of the substrate in the red
subpixel region; a second pixel electrode and a green organic
light-emitting layer that are disposed above the substrate
sequentially from the side of the substrate in the green
subpixel region; a third pixel electrode and a first blue
organic light-emitting layer that are disposed above the
substrate sequentially from the side of the substrate in the
blue subpixel region; a charge generation layer that is
disposed above the red, green, and first blue organic light-
emitting layers; a second blue organic light-emitting layer
that is disposed on the charge generation layer in the red,
green, and blue subpixel regions; a counter electrode of the
first, second, and third pixel electrodes that is disposed
above the second blue organic light-emitting layer in the red,
green, and blue subpixels regions; a first light conversion
layer that is disposed above the second blue organic light-
emitting layer in the red subpixel region, and converts blue
light to red light; and a second light conversion layer that is
disposed above the second blue organic light-emitting layer
in the green subpixel region, and converts blue light to green
light.

[0034] Also, in the one aspect, the red, green, and first blue
organic light-emitting layers may have undergone a wet
process, and the second blue organic light-emitting layer and
the charge generation layer may have undergone a dry
process.

[0035] Also, in the one aspect, the organic EL display
panel may further comprise a first filter that is disposed on
the first light conversion layer in the red subpixel region, and
blocks blue light; a second filter that is disposed on the
second light conversion layer in the green subpixel region,
and blocks blue light; and a third filter that is disposed in the
blue subpixel region, and at least partially blocks blue light
that is emitted from at least one of the first and second blue
organic light-emitting layers in the blue subpixel region.
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[0036] Also, in the one aspect, the organic EL display
panel may further comprise a third light conversion layer
that is disposed above the counter electrode in the blue
subpixel region, and converts blue light that is emitted from
at least one of the first and second blue organic light-
emitting layers in the blue subpixel region to blue light
having a different luminescence spectrum from the emitted
blue light.

[0037] Also, in the one aspect, the organic EL display
panel may further comprise a third filter that is disposed
above the counter electrode in the blue subpixel region, and
partially blocks blue light that is emitted from at least one of
the first and second blue organic light-emitting layers in the
blue subpixel region.

[0038] Also, in the one aspect, the organic EL display
panel may further comprise a third light conversion layer
that is disposed above the counter electrode in the blue
subpixel region, and converts blue light that is emitted from
at least one of the first and second blue organic light-
emitting layers in the blue subpixel region to blue light
having a different luminescence spectrum from the emitted
blue light; and a third filter that is disposed on the third light
conversion layer, and partially blocks the blue light that is
emitted upwards from the third light conversion layer.
[0039] Also, in the one aspect, the organic EL display
panel may further comprise: a first filter that is disposed
above the second blue organic light-emitting layer in the red
subpixel region, and blocks blue light; a second filter that is
disposed above the second blue organic light-emitting layer
in the green subpixel region, and blocks blue light; and a
third filter that is disposed in the blue subpixel region, and
at least partially blocks blue light that is emitted from at least
one of the first and second blue organic light-emitting layers
in the blue subpixel region

[0040] Also, in the one aspect, the organic EL display
panel may further comprise a first electron transport layer
that is disposed between the entire red, green, and first blue
organic light-emitting layers and the charge generation
layer; and a second electron transport layer that is disposed
between the second blue organic light-emitting layer and the
counter electrode in the red, green, and blue subpixel
regions, wherein the second electron transport layer may
have a larger thickness than the first electron transport layer.
[0041] Also, in the one aspect, the charge generation layer
may supply holes to the second blue organic light-emitting
layer, and supply electrons from at least one of respective
parts of the red, green, and blue subpixel regions to a
corresponding one of the red, green, and first blue organic
light-emitting layers in the red, green, and blue subpixel
regions, respectively.

[0042] Also, in the one aspect, the charge generation layer
may be discontinuous above the red, green, and first blue
organic light-emitting layers.

[0043] Also, in the one aspect, the second blue organic
light-emitting layer may be discontinuous in the red, green,
and blue subpixel regions.

[0044] Another aspect of the present disclosure provides
an organic EL display panel that includes pixels each of
which is composed of a red subpixel, a green subpixel, and
a blue subpixel, the organic EL display panel comprising: a
substrate; a barrier rib that is disposed on the substrate, and
partitions between a red subpixel region, a green subpixel
region, and a blue subpixel region of the respective red,
green, and blue subpixels; a first pixel electrode and a red
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organic light-emitting layer that are disposed above the
substrate sequentially from a side of the substrate in the red
subpixel region; a second pixel electrode and a green organic
light-emitting layer that are disposed above the substrate
sequentially from the side of the substrate in the green
subpixel region; a third pixel electrode and a first blue
organic light-emitting layer that are disposed above the
substrate sequentially from the side of the substrate in the
blue subpixel region; a charge generation layer that is
disposed above the red, green, and first blue organic light-
emitting layers; a second blue organic light-emitting layer
that is disposed on the charge generation layer in the red,
green, and blue subpixel regions; a counter electrode of the
first, second, and third pixel electrodes that is disposed
above the second blue organic light-emitting layer in the red,
green, and blue subpixels regions; a first filter that is
disposed above the second blue organic light-emitting layer
in the red subpixel region, and blocks blue light; and a
second filter that is disposed above the second blue organic
light-emitting layer in the green subpixel region, and blocks

blue light.

[0045] Also, in the other aspect, the organic EL display
panel may further comprise a third filter that is disposed
above the counter electrode in the blue subpixel region, and
partially blocks blue light that is emitted from at least one of
the first and second blue organic light-emitting layers in the
blue subpixel region.

[0046] A further another aspect of the present disclosure
provides an organic EL display panel that includes pixels
each of which is composed of a red subpixel, a green
subpixel, a blue subpixel, and a dark blue subpixel, the
organic EL display panel comprising: a substrate; a barrier
rib that is disposed on the substrate, and partitions between
a red subpixel region, a green subpixel region, a blue
subpixel region, and a dark blue subpixel region of the
respective red, green, blue, and dark blue subpixels; a first
pixel electrode and a red organic light-emitting layer that are
disposed above the substrate sequentially from a side of the
substrate in the red subpixel region; a second pixel electrode
and a green organic light-emitting layer that are disposed
above the substrate sequentially from the side of the sub-
strate in the green subpixel region; a third pixel electrode
and a first blue organic light-emitting layer that are disposed
above the substrate sequentially from the side of the sub-
strate in the blue subpixel region; a fourth pixel electrode
that is disposed on the substrate in the dark blue subpixel
region; a charge generation layer that is disposed above the
red, green, and first blue organic light-emitting layers and
the fourth pixel electrode; a second blue organic light-
emitting layer that is disposed on the charge generation layer
in the red, green, blue, and dark blue subpixel regions; a
counter electrode of the first, second, third pixel, and fourth
electrodes that is disposed above the second blue organic
light-emitting layer in the red, green, blue, and dark blue
subpixels regions; a first light conversion layer that is
disposed above the second blue organic light-emitting layer
in the red subpixel region, and converts blue light to red
light; and a second light conversion layer that is disposed
above the second blue organic light-emitting layer in the
green subpixel region, and converts blue light to green light.
[0047] Also, in the further another aspect, the organic EL
display panel may further comprise a first filter that is
disposed on the first light conversion layer in the red
subpixel region, and blocks blue light; and a second filter
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that is disposed on the second light conversion layer in the
green subpixel region, and blocks blue light.

[0048] Also, in the further another aspect, the organic EL
display panel may further comprise at least one of: a third
filter that is disposed above the counter electrode in the blue
subpixel region, and partially blocks blue light that is
emitted from at least one of the first and second blue organic
light-emitting layers in the blue subpixel region; and a fourth
filter that is disposed above the counter electrode in the dark
blue subpixel region, and partially blocks blue light that is
emitted from at least one of the first and second blue organic
light-emitting layers in the dark blue subpixel region.

[0049] A further another aspect of the present disclosure
provides an organic EL display panel that includes pixels
each of which is composed of a red subpixel, a green
subpixel, a blue subpixel, and a dark blue subpixel, the
organic EL display panel comprising: a substrate; a barrier
rib that is disposed on the substrate, and partitions between
a red subpixel region, a green subpixel region, a blue
subpixel region, and a dark blue subpixel region of the
respective red, green, blue, and dark blue subpixels; a first
pixel electrode and a red organic light-emitting layer that are
disposed above the substrate sequentially from a side of the
substrate in the red subpixel region; a second pixel electrode
and a green organic light-emitting layer that are disposed
above the substrate sequentially from the side of the sub-
strate in the green subpixel region; a third pixel electrode
and a first blue organic light-emitting layer that are disposed
above the substrate sequentially from the side of the sub-
strate in the blue subpixel region; a fourth pixel electrode
that is disposed on the substrate in the dark blue subpixel
region; a charge generation layer that is disposed above the
red, green, and first blue organic light-emitting layers and
the fourth pixel electrode; a second blue organic light-
emitting layer that is disposed on the charge generation layer
in the red, green, blue, and dark blue subpixel regions; a
counter electrode of the first, second, third pixel, and fourth
electrodes that is disposed above the second blue organic
light-emitting layer in the red, green, blue, and dark blue
subpixels regions; a first filter that is disposed above the
second blue organic light-emitting layer in the red subpixel
region, and blocks transmission of blue light that is emitted
from the second blue organic light-emitting layer in the red
subpixel region; and a second filter that is disposed above
the second blue organic light-emitting layer in the green
subpixel region, and blocks transmission of blue light that is
emitted from the second blue organic light-emitting layer in
the red subpixel region.

[0050] A still another aspect of the present disclosure
provides a manufacturing method of the organic EL display
panel, the manufacturing method comprising the steps of:
forming each of the first, second, third pixel electrodes, the
red, green, and first blue organic light-emitting layers by a
wet process; and forming each of the charge generation
layer, the second blue organic light-emitting layer, and the
counter electrode by a dry process.

[0051] Also, in the still another aspect, the wet process
may be one or more of a printing method, a spin coating
method, an inkjet method, and a photolithography method,
and the dry process may be one or more of a vapor
deposition method, a sputtering method, and an ion plating
method.

[0052] The following explains embodiments.
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Embodiment 1

[0053] In Embodiment 1, explanation is given on an
organic EL display panel of the top emission type.

[0054] <Whole Structure of Organic EL Display Panel
100>
[0055] FIG. 1 is a cross-sectional view schematically

showing the pixel structure in the organic EL display panel
100 relating to Embodiment 1. The organic EL display panel
100 (hereinafter, abbreviated as display panel 100) includes
pixels that are each composed of red (R), green (G), and blue
(B) subpixels and are regularly arranged in a matrix of rows
and columns.

[0056] As shown in FIG. 1, the display panel 100 has a
substrate as the base thereof. Anodes 3 are disposed on the
substrate 1 spaced from each other. A barrier rib 2 (herein-
after, referred to as bank 2) is disposed on the substrate 1,
and has openings 2R, 2G, and 2B that are provided therein
so as to correspond in position to the red, green, and blue
subpixels, respectively.

[0057] Within each opening 2R, a hole injection layer 4, a
hole transport layer 5, a red organic light-emitting layer 6R
(hereinafter, abbreviated as organic light-emitting layer 6R)
are sequentially disposed. Within each opening 2G, the hole
injection layer 4, the hole transport layer 5, a green organic
light-emitting layer 6G (hereinafter, abbreviated as organic
light-emitting layer 6G) are sequentially disposed. Within
each opening 2B, the hole injection layer 4, the hole trans-
port layer 5, a first blue organic light-emitting layer 6B
(hereinafter, abbreviated as organic light-emitting layer 6B)
are sequentially disposed. The respective hole injection
layers 4 disposed within the openings 2R, 2@, and 2B have
thicknesses independent from each other, and may have
different thicknesses. Similarly, the respective hole transport
layers 5 disposed within the openings 2R, 2G, and 2B may
have different thicknesses. Further, the hole injection layers
4 may not need to be provided within part or all of the
openings 2R, 2G, and 2B. The same applies to the hole
transport layers 5.

[0058] A first electron transport layer 7, a charge genera-
tion layer 8, a second blue organic light-emitting layer 9, a
second electron transport layer 10, a cathode 11, and a resin
passivation layer 12 are sequentially disposed as solid films
over the entire pixels so as to cover the organic light-
emitting layers 6R, 6G, and 6B (hereinafter, referred to
collectively as organic light-emitting layers 6 when no
distinction is made therebetween) and extend over the
openings 2R, 2G, and 2B.

[0059]  Accordingly, the first electron transport layer 7, the
charge generation layer 8, the second blue organic light-
emitting layer 9, the second electron transport layer 10, and
the cathode 11 each indicate the whole region in the red,
green, and blue subpixels. In the present embodiment, the
first electron transport layer 7, the charge generation layer 8,
the second blue organic light-emitting layer 9, the light
conversion layers 13, the second electron transport layer 10,
and the cathode 11 have the coinciding outer circumferential
edge when viewed in plan.

[0060] Further, a first light conversion layer 13R is dis-
posed above each opening 2R so as to correspond in position
to each red subpixel, and a second light conversion layer
13G is disposed above each opening 2G so as to correspond
in position to each green subpixel. Moreover, red color
filters 14R, green color filters 14G, and blue color filters 14B
are disposed above the openings 2R, 2G, and 2B, respec-
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tively, so as to correspond in position to the red, green, and
blue subpixels, respectively. A cover glass 15 is disposed so
as to cover the red color filters 14R, the green color filters
14G, and the blue color filters 14B.

[0061] <Structure of Elements>

[0062] The following explains structural elements of the
display panel 100.

[0063] (Substrate)

[0064] The substrate 1 is a back substrate of the display
panel 100, and has a surface on which a TFT layer (not
shown) including TFTs is disposed to drive the display panel
100 by an active matrix method.

[0065] The substrate 1 is for example a glass plate that is
made for example of alkali-free glass, soda glass, nonfluo-
rescent glass, phosphate glass, or borate glass, a quartz plate,
a plastic plate or a plastic film that is for example made of
acrylic resin, styrene resin, polycarbonate resin, epoxy resin,
polyethylene resin, polyester resin, polyimide resin, or sili-
cone resin, or a metal plate or a metal foil that is made for
example of alumina. The TFT layer includes a wiring unit
for feeding external electrical power to the TFTs. In the
present embodiment, only the anodes are extracted in the
figure for simplification of the explanation.

[0066] Since the organic EL display panel 100 relating to
the present embodiment is of the top emission type, the
substrate 1 does not need to have translucency. Note that the
organic EL display panel 100 may be of the bottom emission
type by using a translucent material for the substrate 1 and
the anodes 3 which are described later.

[0067] Also, the organic EL display panel 100 relating to
the present embodiment may be driven by a passive matrix
method.

[0068] (Bank)

[0069] The bank 2 defines subpixel regions for the red,
green, and blue subpixels and covers the edge of the cathode
11. The bank 2 only needs to be made of an insulating
material, and should preferably be resistant to organic solu-
tion. Also, the bank 2 sometimes undergoes etching pro-
cessing, baking processing, and so on, and accordingly
should preferably be made of a material highly resistant to
such processing. The bank 2 may be made of an organic
material such as resin or an inorganic material such as glass.
The organic material is acrylic resin, polymide resin,
novolac phenolic resin, or the like. The inorganic material is
silicon oxide (SiQ,). silicon nitride (Si;N,), or the like. The
bank 2 should have a height depending on the structure of a
function layer to be filled. For example, the bank 2 should
have a height of 0.5 um to 2 pm, and should preferably have
a height of 0.8 um to 1.2 um.

[0070] The bank 2 is formed for example by a method of
applying photosensitive resin onto the substrate 1, and
forming patterns corresponding to the subpixels by the
photolithography method.

[0071] (Anodes)

[0072] The anode 3 is formed within each of the openings
2R, 2G, and 2B which correspond one-to-one to the red,
green, and blue subpixels. The anodes 3 are electrically
connected to the TFTs disposed on the substrate 1. In
addition to functioning as a positive terminal of a light-
emitting element, the anodes 3 each have a function of
reflecting light, which is emitted from the organic light-
emitting layers 6, towards the anode 2. The reflecting
function may be achieved by the structural material of the
anodes 3 or by applying a reflective coating to the surface
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portion of the anodes 3. The anodes 3 are made for example
of aluminum (Al), alloy of aluminum, silver (Ag), alloy of
silver, palladium, and copper (APC), alloy of silver,
rubidium, and gold (ARA), alloy of molybdenum and chro-
mium (MoCr), alloy of nickel and chromium (NiCr), molyb-
denum (Mo), or alloy of molybdenum and tungsten (MoW).
[0073] The anodes 3 each may be covered with a trans-
parent conductive layer (not shown). The transparent con-
ductive layer functions as a protective layer for preventing
natural oxidation of the anode 3 during the manufacturing
process. The transparent conductive layer only needs to be
made of a conductive material that is sufficiently translucent
with respect to light emitted from the organic light-emitting
layers 6. The transparent conductive layer is for example
made of indium tin oxide (ITO) or indium zinc oxide (IZO)
that achieves an excellent conductivity even under the
conditions that film is formed at a room temperature.
[0074] The anode 3 is formed by a dry process such as the
vacuum deposition method, the electron beam deposition
method, the sputtering method, the reactive sputtering
method, the ion plating method, and the chemical vapor
deposition

[0075] (CVD) method, and should preferably be formed
by the sputtering method. Alternatively, the anode 3 may be
formed by a wet process such as the printing method, the
spin coating method, and the inkjet method.

[0076] (Hole Injection Layers)

[0077] The hole injection layers 4 have a function of
injecting holes into the organic light-emitting layers 6. The
hole injection layer 4 is made for example of triazole
derivative, oxadiazole derivative, imidazole derivative, pol-
varylalkane derivative, pyrazoline derivative and pyra-
zolone derivative, phenylenediamine derivative, arylamine
derivative, amino-substituted chalcone derivative, oxazole
derivative, styrylanthracene derivative, fluorenone deriva-
tive, hydrazone derivative, stilbene derivative, porphyrin
compound, aromatic tertiary amine compound, styrylamine
compound, butadiene compound, azatriphenylene deriva-
tive, polystyrene derivative, hydrazone derivative, triph-
enylmethane derivative, or tetraphenylbenzene derivative
(all disclosed in Japanese Patent Application Publication No.
HS5-163488), or oxide of transition metal such as tungsten
oxide (WOx), molybdenum oxide (MoOx), and molybde-
num tungsten oxide (MoxWyOz). By using made of oxide of
transition metal for the hole injection layers 4, it is possible
to improve the voltage-current density characteristics, and
increases the current density to increase the emission inten-
sity. Note that other metal compounds such as a transition
metal nitride may also be applicable.

[0078] (Hole Transport Layers)

[0079] The hole transport layers 5 have a function of
transporting holes, which are injected from the anodes 3, to
the organic light-emitting layers 6. The hole transport layers
5 are made for example of triazole derivative, oxadiazole
derivative, imidazole derivative, polyarylalkane derivative,
pyrazoline derivative and pyrazolone derivative, phenylene-
diamine derivative, arylamine derivative, amino-substituted
chalcone derivative, oxazole derivative, styrylanthracene
derivative, fluorenone derivative, hydrazone derivative, stil-
bene derivative, porphyrin compound, aromatic tertiary
amine compound, styrylamine compound, butadiene com-
pound, polystyrene derivative, hydrazone derivative, triph-
enylmethane derivative, or tetraphenylbenzene derivative
(all disclosed in Japanese Patent Application Publication No.
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H5-163488). The hole transport layers 5 should preferably
be made of porphyrin compound, aromatic tertiary amine
compound, or styrylamine compound.

[0080] The wet process may be used for forming the hole
injection layers 4 and the hole transport layers 3, such as the
printing method, the spin coating method, and the inkjet
method. Alternatively, the dry process may be used, such as
the vacuum deposition method, the electron beam deposition
method, the sputtering method, the reactive sputtering
method, the ion plating method, and the CVD method. The
wet process such as the inkjet method should preferably be
used for cost reduction.

[0081] (Organic Light-Emitting Layers)

[0082] The organic light-emitting layers 6R, 6G, and 6B
emit light through recombination of carriers (holes and
electrons), and include an organic material emitting light
corresponding to the R, G, and B colors, respectively. The
organic light-emitting layers 6R, 6G, and 6B, which include
the respective organic materials emitting light of the R, G,
and B colors, respectively, are formed within the openings
2R, 2G, and 2B, respectively.

[0083] The organic light-emitting layers 6 are made for
example of fluorescent substance such as oxinoid com-
pound, perylene compound, coumarin compound, azacour-
amin compound, oxazole compound, oxadiazole compound,
perinone compound, pyrrolopyrrole compound, naphthalene
compound, anthracene compound, fluorene compound, fluo-
ranthene compound, tetracene compound, pyrene com-
pound, coronene compound, quinolone compound and aza-
quinolone compound, pyrazoline derivative and pyrazolone
derivative, rhodamine compound, chrysene compound,
phenanthrene compound, cyclopentadiene compound, stil-
bene compound, diphenylquinone compound, styryl com-
pound, butadiene compound, dicyanomethylenepyran com-
pound, dicyanomethylenethiopyran compound, fluorescein
compound, pyrylium compound, thiapyrylium compound,
selenapyrylium compound, telluropyrylium compound, aro-
matic aldadiene compound, oligophenylene compound,
thioxanthene compound, anthracene compound, cyanine
compound, acridine compound, metal complex of 8-hy-
droxyquinoline compound, metal complex of 2-bipyridine
compound, complex of Schiff base and group III metal,
oxine metal complex, and rare earth complex (all disclosed
in Japanese Patent Application Publication No. H5-163488).
[0084] The organic light-emitting layers 6 are formed by
the wet process such as the printing method, the spin coating
method, and the inkjet method. Alternatively, the dry process
may be used, such as the vacuum deposition method, the
electron beam deposition method, the sputtering method, the
reactive sputtering method, the ion plating method, and the
CVD method. The wet process such as the inkjet method
should preferably be used for cost reduction.

[0085] (Electron Transport Layers)

[0086] The first electron transport layer 7 has a function of
transporting electrons, which are injected from the charge
generation layer 8 which is described later, to the organic
light-emitting layers 6. The first electron transport layer 7 is
disposed as a solid film over the entire pixels on the organic
light-emitting layers 6R, 6G, and 6B so as to extend over the
openings 2R, 2G, and 2B.

[0087] The first electron transport layer 7 is made for
example of nitro-substituted fluorenone derivative, thiopy-
ran dioxide derivative, diphenylquinone derivative, perylene
tetracarboxyl derivative, anthraquinodimethane derivative,
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fluoronylidene methane derivative, anthrone derivative,
oxadiazole derivative, perinone derivative, or quinoline
complex derivative (all disclosed in Japanese Patent Appli-
cation Publication No. H5-163488), or phosphorus oxide
derivative, triazole derivative, triazine derivative, silole
derivative, dimesitylboron derivative, or triarylboron deriva-
tive.

[0088] Note that from the perspective of further improving
the electron injection property, the above materials of the
first electron transport layer 7 may be doped with alkali
metal or alkaline-earth metal such as Na, Ba, and Ca.
[0089] The second electron transport layer 10 has a func-
tion of transporting electrons, which are injected from the
cathode 11, to the second blue organic light-emitting layer 9.
The second electron transport layer 10 is disposed as a solid
film over the entire pixels on the second blue organic
light-emitting layer 9 so as to extend over the openings 2R,
2@, and 2B.

[0090] The second electron transport layer 10 may be
made of the same material as the first electron transport layer
7.

[0091] Also, the second electron transport layer 10 should
preferably have a larger thickness than the first electron
transport layer 7 in order to protect the second blue organic
light-emitting layer 9 during formation of the second elec-
tron transport layer 10. For example, the first electron
transport layer 7 should preferably have a thickness of 5 nm
to 19 nm, and the second electron transport layer 10 should
preferably have a thickness of 30 nm to 35 nm.

[0092] (Charge Generation Layer)

[0093] The charge generation layer 8 has a function of
supplying holes to the second blue organic light-emitting
layer 9 and supplying electrons from respective parts of the
red, green, and blue subpixel regions to the organic light-
emitting layers 6R, 6G, and 6B, respectively. The charge
generation layer 8 is disposed as a solid film over the entire
pixels on the first electron transport layer 7 so as to extend
over the openings 2R, 2G, and 2B.

[0094] The charge generation layer 8 is a laminate or a
mixture of an electron acceptor material and an electron
donor material. In the interface or the border between the
electron acceptor material and the electron donor material,
charges, which result from reaction including electron
movement between the electron acceptor material and the
electron donor material, moves towards the cathode 11 and
the anodes 3 when voltage is applied. As a result, holes are
supplied to the second blue organic light-emitting layer 9,
which is positioned on the side of the cathode 11 relative to
the charge generation layer 8, and electrons are supplied to
the organic light-emitting layers 6, which are positioned on
the side of the anodes 3 relative to the charge generation
layer 8, via the first electron transport layer 7. Accordingly,
the charge generation layer 8 is made of a material that is a
laminate or a mixture of two different types of substances,
and the material forms charge transfer complex composed of
radical cation and radical anion between the two types of
substances by redox reaction. Radical cationic state and
radical anionic state in the charge transfer complex, that is,
holes and electrons in the charge transfer complex move
towards the cathode 11 and the anode 3, respectively when
voltage is applied.

[0095] The charge generation layer 8 is made for example
of a laminate that is composed of a metal thin film such as
Ag, Au, and Al, metal oxide such as vanadium oxide,

Oct. 6, 2016

molybdenum oxide, rhenium oxide, and tungsten oxide, a
transparent conductive film such as 1TO, IZO, AZO, GZ0,
ATO, and SnQ,, and so on. The charge generation layer 8
should preferably be made of a laminate of an n-type
semiconductor and a p-type semiconductor, a laminate of
one of a metal film and a transparent conductive film and at
least one of an n-type semiconductor and a p-type semicon-
ductor, a mixture of an n-type semiconductor and a p-type
semiconductor, a mixture of metal and at least one of an
n-type semiconductor and a p-type semiconductor and
metal, or the like.

[0096] Specifically, the electron acceptor material is for
example V,05, MoO;, WO, or tetracyanoquinodimethane
(TCNQ) which is an organic semiconductor having n-type
semiconductor characteristics. The electron donor material
is for example aryl derivative. Also, the charge generation
layer 8 should preferably be made of a strong electron
acceptor material such as HATCN, and a hole transport
layer, which is adjacent to the strong electron acceptor
material and is on the side of the cathode 11, should be made
of an electron donor material such as NPB (disclosed in
Organic Electronics 12 (2011) 710-715).

[0097] Alternatively, Al/Au, Cu/Ag, hexadecafluorocop-
perphthalocyanine/copperphthalocyanine (F, ,CuPc/CuPc),
Al/WO,/Au, or the like may be used (disclosed in APPLIED
PHYSICS LETTERS 91, 123504, 2007).

[0098] (Second Blue Organic Light-Emitting Layer)
[0099] Similarly to the organic light-emitting layers 6, the
second blue organic light-emitting layer 9 emits light
through recombination of carriers (holes and electrons), and
includes an organic material emitting light corresponding to
the blue color. The second electro transport layer 10 and the
second blue organic light-emitting layer 9, which contains
an organic material emitting blue light, are disposed as a
solid film over the entire pixels so as to extend over the
openings 2R, 2@, and 2B.

[0100] The second electron transport layer 10 may be
made of the same material as the first electron transport layer
7

[0101] The first electron transport layer 7, the charge
generation layer 8, the second blue organic light-emitting
layer 9, and the second electron transport layer 10, which are
described above, are formed by the dry process such as the
vacuum deposition method, the electron beam deposition
method, the sputtering method, the reactive sputtering
method, the ion plating method, and the CVD method. The
vacuum deposition method should preferably be used. This
is because of the following reason. A blue organic light-
emitting layer, which is formed by the dry process such as
vacuum deposition, is made of a fluorescent material, but
exhibits a higher luminous efficiency than a blue organic
light-emitting layer, which is formed by the wet process.
Accordingly, by using the blue organic light-emitting layer,
which is formed by the vacuum process, for the second blue
organic light-emitting layer, it is possible to effectively
compensate the luminance of the blue organic light-emitting
layer which is lower than those of the red and green organic
light-emitting layers.

[0102] (Cathode)

[0103] The cathode 11 functions as a negative electrode
for the organic EL, element. The cathode 11 includes a
transparent conductive layer that is made of a conductive
material translucent with respect to light emitted from the
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organic light-emitting layers 6. The transparent conductive
layer should preferably be made for example of ITO or 1ZO.
[0104] Also, the cathode 11 may be a multi-layer film by
layering a metal layer (not shown) on the transparent con-
ductive layer. The metal layer is made for example of silver
(Ag), gold (Au), platinum (Pt), palladium (Pd), nickel (Ni),
copper (Cu), aluminum (Al), or alloy of these metals.
[0105] The cathode 11 may be covered with a thin passi-
vation layer (not shown). The thin passivation layer has a
function of preventing the layers, which are interposed
between the substrate 1 and the thin passivation layer, from
being exposed to moisture and air and performing optical
adjustment. The thin passivation layer is made for example
of silicon nitride (SiN), silicon oxynitride (SiON), or resin.
[0106] The cathode 11 is formed by the dry process such
as the vacuum deposition method, the electron beam depo-
sition method, the sputtering method, the reactive sputtering
method, the ion plating method, and the CVD method, and
should preferably be formed by the sputtering method.
[0107] (Resin Passivation Layer)

[0108] The resin passivation layer 12 has a function of
adhering a back panel, which is composed of the substrate
1 and the layers ranging from the anodes 3 to the thin
passivation layer, to the cover glass 15, on which the red
color filters 14R, the green color filters 14G, and the blue
color filters 14B are disposed. The resin passivation layer 12
also has a function of preventing the layers from being
exposed to moisture and air. The resin passivation layer 12
is made for example of a resin adhesive.

[0109] (Light Conversion Layers)

[0110] The first light conversion layer 13R is disposed
above the second blue organic light-emitting layer 9 within
each opening 2R in each red subpixel region, and has a
function of converting blue light, which is emitted from the
second blue organic light-emitting layer 9 in the red subpixel
region, to red light. The second light conversion layer 13G
is disposed above the second blue organic light-emitting
layer 9 within each opening 2G in each green subpixel
region, and has a function of converting blue light, which is
emitted from the second blue organic light-emitting layer 9
in the green subpixel region, to green light.

[0111] The first light conversion layer 13R and the second
light conversion layer 13G (hereinafter, referred to collec-
tively as light conversion layers 13 when no distinction is
made therebetween) only need to contain fluorescent colo-
rant that absorbs the above light emitted from the second
blue organic light-emitting layer 9 and performs wavelength
conversion on the light.

[0112] The first light conversion layer 13R is made for
example of cyanine colorant such as 4-dicyanomethylene-
2-methyl-6-(p-dimethylaminostyryl)-4H-pyran,  pyridine
colorant such as 1-ethyl-2-(4-(p-dimethylaminophenyl)-1,
3-butadienyl)-pyridium-perchlorate, rhodamine colorant
such as rhodamine B, rhodamine 6G, rhodamine 3B, rhod-
amine 101, rhodamine 110, sulforhodamine, basic violet 11,
and basic red 2, or oxazine colorant (all disclosed in Japa-
nese Patent Application Publication No. H9-279394).
[0113] The second light conversion layer 13G is made for
example of coumarin colorant such as 2, 3, 5, 6-1H, 4H-tet-
rahydro-8-trifluoromethylmethylquiolizino (9, 9a, 1-gh)
coumarin, 3-(2'-benzothiazolyl)-7-diethylaminocoumarin,
3-(2'-benzimidazolyl)-7-diethylaminocoumarin, and 3-(2'-
N-methylbenzimidazolyl)-7-diethylamino-coumarin, basic
yellow 51 which is coumarine colorant dye, or naphthalim-
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ide colorant such as solvent yellow 11 and solvent yellow
116 (all disclosed in Japanese Patent Application Publication
No. H9-279394).

[0114] Alternatively, any type of fluorescent dye other
than the above dyes may be used, such as direct dye, acid
dye, basic dye. and disperse dye. Further alternatively, a
mixture of two or more types of the dyes may be used.
[0115] The light conversion layers 13 may be any film
such as a film that is formed by performing deposition or
sputtering on fluorescent colorant such as exemplified above
and a film that is formed by dispersing such fluorescent
colorant in appropriate resin as resin having a binding
property. In the case where the main material of the light
conversion layers 13 is the fluorescent colorant, film forma-
tion is performed by the vacuum deposition method or the
sputtering method with use of a mask of a desired fluores-
cent layer pattern. On the other hand, in the case where the
material of the light conversion layers 13 is the fluorescent
colorant and the resin, the fluorescent colorant, the resin, and
resist are mixed, dispersed, or solubilized, film formation is
performed by the spin coating method, the roll coating
method, the casting method, or the like, and patterning is
performed by the photolithography method, the screen print-
ing method, or the like with use of a desired fluorescent layer
pattern.

[0116] In this case, a transparent material (having light
transparency to at least 50% visible light) is preferable as
matrix resin, and various types of thermoplastic resins may
be used. The matrix resin should preferably not cause
decomposition and deformation against heating normally at
100 degrees C. and preferably at 150 degrees C. The matrix
resin is specifically for example acrylic resin such as
polymethacrylic acid ester, alkyd resin, aromatic hydrocar-
bon resin such as polystyrene, cellulosic resin, polyester
resin such as polyethylene terephthalate, polyimide resin
such as nylon, polyurethane resin, polyvinyl acetate resin,
polyvinyl alcohol resin, or a mixture of these resins.
[0117] The light conversion layers 13 may have any
thickness that does not block a function of sufficiently
absorbing light emitted from the second blue organic light-
emitting layer 9 to generate fluorescence. An appropriate
thickness of the light conversion layers 13 is approximate 10
nmto 5 mm. In the present embodiment. the light conversion
layers 13 have a thickness of 5 um to 30 pm, and should
preferably have a thickness of 7 um to 15 um. As a result,
it is possible to obtain output light, which has undergone
color conversion, at a desired intensity.

[0118] Adjustment of the thickness of the light conversion
layers 13 changes transmission intensity of light emitted
from the organic light-emitting layers 6. Reduction of the
thickness of the light conversion layers 13 increases the
transmission amount of light emitted from the organic
light-emitting layers 6. Increase of the thickness of the light
conversion layers 13 reduces the amount of transmission
components from the organic light-emitting layers 6, and
increases the amount of fluorescent components. It is pref-
erable to appropriately adjust the thickness of the light
conversion layers 13 such that light of the transmission
components and the fluorescent components exhibits the
maximum luminance.

[0119] (Color Filters)

[0120] The red color filters 14R, the green color filters
14G, and the blue color filters 14B are disposed above the
opening 2R, 2G, and 2B so as to correspond in position to
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the red, green, and blue subpixels, respectively. The red
color filters 14R, the green color filters 14G, and the blue
color filters 14B (hereinafter, referred to collectively as color
filters 14 when no distinction is made therebetween) are
each a transparent layer that is provided for transmitting
visible light of wavelength corresponding to one of the R, G,
and B colors, and have a function of transmitting light
emitted from a corresponding one of the red, green, and blue
subpixels and correcting the chromaticity of the light. The
color filters 14 are specifically formed for example by
applying an ink containing a color filter material and solvent
onto the cover glass 15 for color filter formation that has
provided therein a barrier rib with apertures provided in
units of subpixels in a matrix.

[0121] <Whole Structure and Outer Appearance of Dis-
play Device>
[0122] FIG. 2 shows an example of an outer appearance of

a display device 1000 relating to the present embodiment.
FIG. 3 shows functional blocks of the display device 1000
relating to the present embodiment. The display device 1000
includes the display panel 100 and a drive control unit 17
that are electrically connected to each other. The display
panel 100 has the pixel structure shown in FIG. 1. The drive
control unit 17 includes drive circuits 18 to 21 that apply
voltage between the anode 3 corresponding to each organic
EL element and the cathode 11, and a control circuit 22 that
controls operations of the drive circuits 18 to 21.

[0123] <Manufacturing Method of Display Panel 100>
[0124] The following explains a manufacturing method of
the display panel 100 with reference to FIG. 4A to FIG. 6D.
FIG. 4A to FIG. 6D are views for explaining the manufac-
turing method of the display panel 100 relating to Embodi-
ment 1.

[0125] First, a substrate 1 is prepared (FIG. 4A).

[0126] Next, anodes 3 are formed on the substrate 1 so as
to have a thickness of approximate 150 nm by the dry
process such as the vacuum deposition method and the
sputtering method (FIG. 4B). Further, transparent conduc-
tive layers (not shown) are formed on the respective anodes
3 from ITO or 170 by the vacuum deposition method, the
sputtering method, or the like (FIG. 4B). Here, the thickness
of the transparent conductive layers is appropriately adjusted
so as to fall within the range described above.

[0127] Next, a bank 2 is formed on the substrate 1 (FIG.
4C). In the present embodiment, the bank 2 is made of a
photosensitive resin material containing a repellent agent by
the photolithography method. Here, the photosensitive resin
material is for example a known resist material which is
acrylic resin, polymide resin, phenolic resin, or the like.
[0128] Specifically, a material of the bank 2 is applied onto
the substrate 1 to form a film for example by the spin coating
method. Masks are aligned in accordance with respective
patterns of the openings 2R, 2G, and 2B, which are defined
such that the anodes 3 are exposed, and exposure is per-
formed on the film. Then, the film is etched for example with
use of alkaline developer as non-aqueous developer to form
the openings 2R, 2G, and 2B. Thermal process is performed
on the film at a temperature of 200 degrees C. to 250 degrees
C., for example at a temperature of 200 degrees C. to
evaporate solvent and so on included in the film. This
completes the bank 2.

[0129] Next, hole injection layers 4 are formed on the
respective transparent conductive layers. for example by the
wet process such as the inkjet method (FIG. 4D). Further,
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hole transport layers 5 are formed on the respective hole
injection layers 4 for example by the wet process such the
inkjet method (FIG. 4E). Here, as described above, the
respective hole injection layers 4 disposed within the open-
ings 2R, 2G, and 2B have thicknesses independent from
each other, and may have different thicknesses. Similarly,
the respective hole transport layers 5 disposed within the
respective openings 2R, 2G, and 2B may have different
thicknesses. Further, the hole injection layers 4 may not need
to be provided within part or all of the openings 2R, 2G, and
2B. The same applies to the hole transport layers 5.

[0130] Next, organic light-emitting layers 6R, 6G, and 6B
are formed on a corresponding one of the hole transport
layers 5 for example by the wet process such as the inkjet
method (FIG. 4F). The organic light-emitting layers 6R, 6G,
and 6B have a thickness of approximate 50 nm, for example.

[0131] Specifically, an ink for functional layers is adjusted
by mixing a functional material of the organic light-emitting
layers 6R, 6G, and 6B and solvent at a predetermined ratio.
This ink is applied so as to cover exposed regions of the
anodes 3 by dropping ink droplets of the ink through the
openings 2R, 2G, and 2B from an inkjet head by the inkjet
method. Then, the solvent contained in the ink is evaporated
and dried, and is further heated and baked as necessary. As
a result, the organic light-emitting layers 6R, 6G, and 6B are
formed.

[0132] A material of the ink as solute is for example
polyphenylenevinylene, polyphenylenevinylene derivative,
polyacetylene, polyacetylene derivative, polyphenylene,
polyphenylene derivative, polyp araphenyleneethylene,
polyparaphenyleneethylene derivative, poly3-hexylthio-
phene, poly3-hexylthiophene derivative, polyfluoren, or
polyfluorene derivative.

[0133] A material of the ink as solvent is for example
aromatic organic solvent such as toluene, xylene, tetralin,
and anisole, ether solvent such as dioxane, or alcohol solvent
such as isopropyl alcohol.

[0134] An organic polymeric material of the light-emitting
layers 6 is for example a polymeric material such as poly-
fluorene, polyparaphenylene vinylene, polyacetylene, poly-
phenylene, polyparaphenylene ethylene, poly(3-hexylthio-
phene), and any of respective derivatives of these
components, or a fluorescent material such as oxinoid com-
pound, perylene compound, coumarin compound, azacou-
marin compound, oxazole compound, oxadiazole com-
pound, perinone compound, pyrrolo-pyrrole compound,
naphthalene compound, anthracene compound, fluorene
compound, fluoranthene compound, tetracene compound,
pyrene compound, coronene compound, quinolone com-
pound and azaquinolone compound, pyrazoline derivative
and pyrazolone derivative, rhodamine compound, chrysene
compound, phenanthrene compound, cyclopentadiene com-
pound, stilbene compound, diphenylquinone compound,
styryl compound, butadiene compound, dicyanomethylene
pyran compound, dicyanomethylene thiopyran compound,
fluorescein compound, pyrylium compound, thiapyrylium
compound, selenapyrylium compound, telluropyrylium
compound, aromatic aldadiene compound, oligophenylene
compound, thioxanthene compound, cyanine compound,
acridine compound, metal complex of 8-hydroxyquinoline
compound, metal complex of 2-bipyridine compound, com-
plex of Schiff base and group III metal, metal complex of
oxine, and rare earth metal complex.
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[0135] As described above, the hole injection layers 4, the
hole transport layers 5, and the organic light-emitting layers
6 are formed by the wet process such as the printing method,
the spin coating method, and the inkjet method. Alterna-
tively, the dry deposition method may be used, such as the
vacuum deposition method, the electron beam deposition
method, the sputtering method, the reactive sputtering
method, the ion plating method, and the CVD method. The
wet process such as the inkjet method should preferably be
used for cost reduction.

[0136] Next, a first electron transport layer 7 is formed as
a solid film over the entire pixels so as to cover the organic
light-emitting layers 6R, 6G, and 6B and extend over the
openings 2R, 2G, and 2B by the dry process such as the
vacuum deposition method (FIG. 5A).

[0137] Next, a charge generation layer 8 is formed on the
first electron transport layer 7 as a solid film over the entire
pixels so as to extend over the openings 2R, 2G, and 2B by
the dry process such as the vacuum deposition method (FIG.
5B).

[0138] Next, a second blue organic light-emitting layer 9
is formed on the charge generation layer 8 as a solid film
over the entire pixels so as to extend over the openings 2R,
2G, and 2B by the dry process such as the vacuum deposi-
tion method (FIG. 5C).

[0139] Next, a second electron transport layer 10 is
formed on the second blue organic light-emitting layer 9 as
a solid film over the entire pixels so as to extend over the
openings 2R, 2G, and 2B by the dry process such as the
vacuum deposition method (FIG. 5D).

[0140] Here, the second electron transport layer 10 should
preferably have a larger thickness than the first electron
transport layer 7. For example, the first electron transport
layer 7 should preferably have a thickness of 5 nm to 30 nm,
and the second electron transport layer 10 should preferably
have a thickness of 30 nm to 35 nm. This is in order to
prevent the second blue organic light-emitting layer 9 from
being damaged due to sputtering on the second electron
transport layer 10 during formation of a cathode 11 on the
second electron transport layer 10 by the sputtering method
or the like.

[0141] As described above, the first electron transport
layer 7, the charge generation layer 8, the second blue
organic light-emitting layer 9, and the second electron
transport layer 10 are formed by the dry process such as the
vacuum deposition method, the electron beam deposition
method, the sputtering method, the reactive sputtering
method, the ion plating method, and the CVD method. The
vacuum deposition method should preferably be used. By
depositing the films to the entire pixel regions, it is possible
to prevent the loss of deposition materials which has been
caused by adhesion of the deposition materials to the entire
mask including apertures formed by the shadow mask
method, thereby efficiently utilizing the deposition materi-
als. Also, since apertures of a precise mask do not need to be
aligned with parts of the bank for the blue subpixels at a high
precision, it is possible to improve the productive efficiency.
This contributes to the material cost reduction and the
productive efficiency improvement.

[0142] Next, the cathode 11 is formed on the second
electron transport layer 10 as a solid film over the entire

pixels so as to extend over the openings 2R, 2G, and 2B
(FIG. SE).
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[0143] The cathode 11 is formed from for example ITO by
the vacuum deposition method, the sputtering method, the
reactive sputtering method, the ion plating method, the
plasma CVD method, the laser CVD method, the thermal
CVD method, or the like. The cathode 11 should preferably
be formed by the sputtering method.

[0144] Next, a resin passivation layer 12 is formed on the
cathode 11 (FIG. 6A). The resin passivation layer 12 is made
for example of a resin adhesive.

[0145] Next, color filters 14R, 14G, and 14B are formed
on a cover glass 15 (FIG. 6B).

[0146] As described above, the color filters 14 are formed
for example by applying an ink containing a color filter
material and solvent onto the cover glass 15 for color filter
formation that has provided therein a barrier rib with aper-
tures provided in units of subpixels in a matrix.

[0147] Next, a first light conversion layer 13R is formed
on each color filter 14R, and a second light conversion layer
13G is formed on each color filter 14G (FIG. 6C).

[0148] As described above, the light conversion layers 13
may be any film such as a film that is formed by performing
deposition or sputtering on fluorescent colorant and a film
that is formed by dispersing such fluorescent colorant in
appropriate resin as resin having a binding property.
[0149] In the case where the main material of the light
conversion layers 13 is the fluorescent colorant, film forma-
tion 1s performed by the vacuum deposition method or the
sputtering method with use of a mask of a desired fluores-
cent layer pattern.

[0150] On the other hand, in the case where the material
of the light conversion layers 13 is the fluorescent colorant
and the resin, the fluorescent colorant, the resin, and resist
are mixed, dispersed, or solubilized, film formation is per-
formed by the spin coating method, the roll coating method,
the casting method, or the like, and patterning is performed
by the photolithography method, the screen printing method,
or the like with use of a desired fluorescent layer pattern.
[0151] Next, the cover glass 15, on which the red color
filter 14R, the green color filter 14G, and the blue color filter
14B and the light conversion layers 13 are formed, is
adhered onto the resin passivation layer 12 (FIG. 6D). At this
time, the cover glass 15 is adhered to the substrate 1 by
curing the resin passivation layer 12.

[0152] <Operations of Display Panel 100>

[0153] The following explains the operations of the dis-
play panel 100 with reference to the drawings. FIG. 7 is a
schematic view showing energy states of the organic light-
emitting layers 6 and the second blue organic light-emitting
layer 9 of the display panel 100 relating to Embodiment 1.
[0154] As shown in FIG. 7, holes are supplied from the
anodes 3 to the highest occupied molecular orbital (HOMO)
of the organic light-emitting layers 6 while voltage is applied
between each of the anodes 3 and the cathode 11. Also,
electrons are supplied from the cathode 11 to the lowest
unoccupied molecular orbital (LUMO) of the second blue
organic light-emitting layer 9.

[0155] As described above, the charge generation layer 8
is made of a material that is a laminate or a mixture of an
electron acceptor material and an electron donor material. In
the interface or the border between the electron acceptor
material and the electron donor material, charges, which
results from reaction including electron movement between
the electron acceptor material and the electron donor mate-
rial, moves towards the cathode 11 and the anodes 3 when



US 2016/0293676 Al

voltage is applied. As a result, holes are supplied to the
HOMO of the second blue organic light-emitting layer 9,
which is positioned on the side of the cathode 11 relative to
the charge generation layer 8, and electrons are supplied to
the LUMO of the organic light-emitting layers 6, which are
positioned on the side of the anodes 3 relative to the charge
generation layer 8, via the first electron transport layer 7.

[0156] Then, holes, which are supplied from the anodes 3
to the organic light-emitting layers 6, and electrons, which
are supplied from the charge generation layer 8 to the
organic light-emitting layers 6, recombine with each other in
the organic light-emitting layers 6, and this recombination
causes an excited state to emit light. Also, holes, which are
supplied from the charge generation layer 8 to the second
blue organic light-emitting layer 9, and electrons, which are
supplied from the cathode 11 to the second blue organic
light-emitting layer 9, recombine with each other in the
second blue organic light-emitting layer 9, and this recom-
bination causes an excited state to emit light. As a result, in
the organic light-emitting layers including the organic light-
emitting layers 6 and the second blue organic light-emitting
layer 9, recombination of electrons and holes causes light
emissions between the electrodes. This causes light emission
from both the organic light-emitting layers 6 and the second
blue organic light-emitting layer 9 at the same current, and
thereby improves the luminous efficiency of the display
panel.

[0157] FIG. 8 is a cross-sectional view showing a display
function of the display panel 1 relating to Embodiment 1. As
shown in FIG. 8, in each red subpixel region, red light,
which is emitted from the organic light-emitting layer 6R
within a corresponding opening 2R, and blue light, which is
emitted from part of the second blue organic light-emitting
layer 9 in the red subpixel region, travel towards the first
light conversion layer 13R which is disposed on the cover
glass 15. The blue light, which travels towards the first light
conversion layer 13R, is wavelength-converted to red light
by a wavelength converter included in the first light con-
version layer 13R. This wavelength conversion is performed
at a conversion rate of approximate 30% to 90%, though
depending on the materials. Then, the red light after con-
version and the red light, which travels from the organic
light-emitting layer 6R towards the first light conversion
layer 13R, are added, and the light after addition is output
upwards the cover glass 15 as red light with an increased
color purity resulting from absorption of color components
other than red components by the red color filter 14R.
[0158] Similarly, in each green subpixel region, green
light, which is emitted from the organic light-emitting layer
6G within a corresponding opening 2G, and blue light,
which is emitted from part of the second blue organic
light-emitting layer 9 in the green subpixel region, travel
towards the second light conversion layer 13G which is
disposed on the cover glass 15. The blue light is wavelength-
converted to green light by a wavelength converter included
in the second light conversion layer 13G. This wavelength
conversion is also performed at a conversion rate of approxi-
mate 30% to 90%. Then, the light after conversion and the
green light, which travels from the organic light-emitting
layer 6G towards the second light conversion layer 13G, are
added, and the light after addition is output upwards the
cover glass 15 as green light with an increased color purity
resulting from absorption of color components other than
green components by the green color filter 14G.
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[0159] Also, in each blue subpixel region, blue light,
which is emitted from the organic light-emitting layer 6B
within a corresponding opening 2B, and blue light, which is
emitted from part of the second blue organic light-emitting
layer 9 in the blue subpixel region, travel towards the blue
color filter 14B which is disposed on the cover glass 15.
Then, the blue light, which travels towards the blue color
filter 14B, is output upwards the cover glass 15 as blue light
with an increased color purity resulting from absorption of
color components other than blue components by the blue
color filter 14B.

[0160] According to the display panel 100 relating to the
present embodiment as described above, it is possible to
convert respective blue light, which is emitted from the parts
of the second blue light-emitting layer in the red and green
subpixel regions, to red light and green light and emit the
light after conversion as an output from the display panel
100. This improves the Iuminance in the red and green
subpixel regions as well as in the blue subpixel regions. As
a result, the current efficiency is increased, which indicates
the intensity of the luminance of the display panel relative to
the current, and therefore the luminous efficiency is
improved.

[0161] <Effects>

[0162] As described above, the display panel 100 relating
to the present embodiment includes pixels each of which is
composed of a red pixel, a green pixel, and a blue subpixel,
and have the following structure. Specifically, the display
panel 100 includes: the substrate 1; the barrier rib 2 that is
disposed on the substrate 1, and partitions between the red
subpixel region, the green subpixel region, and the blue
subpixel region of the respective red, green, and blue
subpixels; the first pixel electrode 3 and the red organic
light-emitting layer 6R that are disposed above the substrate
1 sequentially from the side of the substrate 1 in the red
subpixel region; the second pixel electrode 3 and the green
organic light-emitting layer 6G that are disposed above the
substrate 1 sequentially from the side of the substrate 1 in the
green subpixel region; the third pixel electrode 3 and the first
blue organic light-emitting layer 6G that are disposed above
the substrate 1 sequentially from the side of the substrate 1
in the blue subpixel region; the charge generation layer 8
that is disposed above the red organic light-emitting layer
6R, the green organic light-emitting layer 6G, and the first
blue organic light-emitting layer 6B; the second blue organic
light-emitting layer 9 that is disposed on the charge genera-
tion layer 8 in the red, green, and blue subpixel regions; the
counter electrode 11 of the first, second, and third pixel
electrodes 3 that is disposed above the second blue organic
light-emitting layer 9 in the red, green, and blue subpixels
regions; the first light conversion layer 13R that is disposed
above the second blue organic light-emitting layer 9 in the
red subpixel region, and converts blue light to red light; and
the second light conversion layer 13G that is disposed above
the second blue organic light-emitting layer 9 in the green
subpixel region, and converts blue light to green light.
[0163] With this structure, it is possible to convert respec-
tive blue light, which is emitted from the parts of the second
blue light-emitting layer in the red and green subpixels, to
red light and green light and emit the light after conversion
as an output from the display panel 100. This improves the
luminance in the red and green subpixel regions as well as
in the blue subpixel regions, and thereby improves the
luminous efficiency.
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[0164] Also, the following effects are exhibited with the
structure in which the charge generation layer, the second
blue organic light-emitting layer, and the cathode are formed
by film deposition to the entire pixel regions, each of which
is composed of the red, green, and blue subpixels. That is,
it is possible to prevent the loss of deposition materials
which has been caused by adhesion of the deposition mate-
rials to the entire mask including apertures formed by the
shadow mask method, thereby efliciently utilizing the depo-
sition materials. Also, since apertures of a precise mask do
not need to be aligned with parts of the bank for the blue
subpixels at a high precision, it is possible to improve the
productive efficiency. This contributes to the material cost
reduction and the productive efliciency improvement.
[0165] <Modification 1>

[0166] Although the explanation has been given on the
display panel 100 relating to Embodiment 1, the exemplified
display panel 100 may be modified as explained below. The
present disclosure is of course not limited to the display
panel 100 exactly as explained in the above embodiment.
[0167] The display panel 100 relating to the above
embodiment includes the light conversion layers that con-
vert respective blue light, which is emitted from the parts of
the second blue organic light-emitting layer in the red and
green subpixel regions, to red light and green light. How-
ever, the display panel relating to the present disclosure only
needs to extract respective light from the parts of the second
blue organic light-emitting layer in the red and green sub-
pixel regions as well as from that in the blue subpixel
regions, and emitting the extracted light as an output from
the display panel.

[0168] FIG. 9 is a cross-sectional view schematically
showing the pixel structure in an organic EL display panel
100A relating to Modification 1. As shown in FIG. 9, the
organic EL display panel 100A (hereinafter, abbreviated as
display panel 100A) has the same structure as the display
panel 100 from which the first light conversion layer 13R
and the second light conversion layer 13G are removed.
[0169] With this structure, the red color filter 14R absorbs
color components other than red components from blue
light, which is emitted from part of the second blue organic
light-emitting layer in each red subpixel region, and red light
remaining after absorption is added to red light, which is
emitted from the organic light-emitting layer 6R, and the
light after addition is externally emitted as an output from
the display panel 100A. This blue light may transmit for
example at a transmission rate of approximate 0% to 5%.
Similarly, the green color filter 14G absorbs color compo-
nents other than green components from blue light, which is
emitted from part of the second blue organic light-emitting
layer in each green subpixel region, and green light remain-
ing after absorption is added to green light, which is emitted
from the organic light-emitting layer 6G, and the light after
addition is externally emitted as an output from the display
panel 100A. This blue light may transmit for example at a
transmission rate of approximate 0% to 5%.

[0170] As a result, respective blue light, which is emitted
from the parts of the second blue organic light-emitting layer
in the red and green subpixel regions, is partially emitted as
an output from the display panel 100A, and this improves
the luminous efficiency.

[0171] <Modification 2>

[0172] Also, the display panel 100 may include a third
light conversion layer 13B above the cathode 11 in each blue
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subpixel region. The third light conversion layer 13B con-
verts blue light, which is emitted from at least one of the first
blue organic light-emitting layer 6B and the second blue
organic light-emitting layer 9 in the blue subpixel region, to
blue light having a different luminescence spectrum from the
emitted blue light.

[0173] FIG. 10 is a cross-sectional view schematically
showing the pixel structure in an organic EL display panel
100B relating to Modification 2. According to the organic
EL display panel 100B, the third light conversion layer 13B
is disposed above the second blue organic light-emitting
layer 9 above the opening 2B in each blue subpixel region,
and has a function of converting blue light, which is emitted
from at least one of the first blue organic light-emitting layer
6B and the second blue organic light-emitting layer 9 in the
blue subpixel region, to blue light having a different lumi-
nescence spectrum from the emitted blue light. With this
structure, blue light, which is emitted from the third light
conversion layer 13B, is output upwards the cover glass 15
as blue light with a further increased color purity.

Embodiment 2

[0174] The following explains an organic EL display panel
200 (hereinafter, abbreviated as display panel 200) relating
to Embodiment 2. While the display panel 100 includes
pixels each of which is composed of red, green, and blue
subpixels, the display panel 200 includes pixels each of
which is composed of red, green, and blue subpixels and a
subpixel of a dark blue (DB) color emitting dark blue light.
This is the difference therebetween. The red, green, and blue
subpixels in the display panel 200 are the same as those in
the display panel 100, and accordingly explanation thereof
is omitted.

[0175] FIG. 11 is a cross-sectional view schematically
showing the pixel structure in the display panel 200 relating
to Embodiment 2. FIG. 12A to FIG. 14E are views for
explaining a manufacturing method of the display panel 200
relating to Embodiment 2.

[0176] InFIG. 11Ato FIG. 12G, the display panel 200 has
the same structure as the display panel 100 in terms of the
materials and the manufacturing methods of a substrate 101,
a bank 102, anodes 103, hole injection layers 104, hole
transport layers 105, a red organic light-emitting layer 106R,
a green organic light-emitting layer 106G, a blue organic
light-emitting layer 106B, a first electron transport layer
107, a charge generation layer 108, a second blue organic
light-emitting layer 109, a second electron transport layer
110, a cathode 111, a resin passivation layer 112, a first light
conversion layer 113R, a second light conversion layer
113G, red color filters 114R, green color filters 114G, and a
cover glass 115, and the structure, the size, and so on of
respective parts in the red, green, and blue subpixel regions.
Accordingly, explanation of these is omitted.

[0177] In the display panel 200, the anodes 3 are disposed
on the substrate 101 spaced from each other. The bank 102
is disposed on the substrate 1, and has openings 102R, 102G,
102B, and 102DB that are provided so as to correspond in
position to the red, green, blue, and dark blue subpixels,
respectively. The structure of the inside of and part above the
openings 102R and 102G is the same as that in the display
panel 100. Within each opening 102B, the hole injection
layer 104 and the organic light-emitting layer 106B are
disposed. Within each opening 102DB, the hole injection
layer 104 is disposed, and no organic light-emitting layer is
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disposed. The first electron transport layer 107, the charge
generation layer 108, the second blue organic light-emitting
layer 109, the second electron transport layer 110, the
cathode 111, and the resin passivation layer 112 are sequen-
tially disposed as solid films over the entire pixels so as to
cover the red organic light-emitting layer 106R, the green
organic light-emitting layer 106G, and the blue organic
light-emitting layer 106B (hereinafter, referred to collec-
tively as organic light-emitting layers 106 when no distinc-
tion is made therebetween) and the anode 103, which are
disposed within the openings 102R, 102G, 102B, and
102DB, respectively, and extend over the openings 102R,
102G, 102B, and 102DB. Further, a blue color filter 114B is
disposed above each opening 102DB defining the dark blue
subpixel so as to extend over the blue and dark blue
subpixels.

[0178] With this structure, blue light, which is emitted
from part of the second blue organic light-emitting layer 109
in each dark blue subpixel region in within a corresponding
opening 102DB, travels towards the blue color filter 114B
which is disposed on the cover glass 115. Then, the blue
light, which travels towards the blue color filter 114B, is
output upwards the cover glass 115, as blue light with an
increased color purity resulting from absorption of color
components other than blue components by the blue color
filter 114B.

[0179] Light emitted from the second blue organic light-
emitting layer 109 is higher in terms of color purity than
light emitted from the organic light-emitting layer 106B. For
this reason, the color purity of light which travels towards
the blue color filter 114B from the dark blue subpixels is
originally high, and accordingly the color purity of blue light
which is externally emitted from the dark blue subpixels is
also high. As a result, according to the display panel 200, by
synthesizing respective blue light emitted from the blue and
dark blue subpixels, it is possible to not only exhibit the
effects of the display panel 100 relating to Embodiment 1 but
also improve the color purity of blue light emitted from the
entire display panel. By controlling the dark blue subpixels
and the blue subpixels, which are higher in terms of lumi-
nous efficiency than the dark blue subpixels to display
images, it is possible to reduce the power consumption in the
display panel. For example, an image in which the dark blue
color is unnecessary is displayed by light emission from
only the blue subpixels exhibiting a high luminous effi-
ciency.

[0180] Modification 3

[0181] According to the display panel 200 relating to
Embodiment 2, the blue color filter 114B is disposed above
each opening 102DB defining the dark blue subpixel so as
to extend over the blue and dark blue subpixels. Alterna-
tively, the exemplified display panel 200 may include the
blue color filter 114B that is disposed above only either each
opening 102B defining the blue subpixel or each opening
102DB defining the dark blue subpixel. Further alterna-
tively, the blue color filter 114B may not be disposed above
the openings 102B and 102DB. This structure improves the
luminous efficiency of the blue subpixels compared with the
case where the blue color filter 114B is disposed above the
blue and dark blue subpixels. As a result, it is possible to
further reduce the power consumption in the display panel
by controlling the blue and dark blue subpixels to display
images.
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[0182] <Modification 4>

[0183] Although the explanation has been given on the
display panel 200 relating to Embodiment 2 and Modifica-
tion 3, the exemplified display panel 200 and Modification
3 may be modified as explained below. FIG. 15 is a
cross-sectional view schematically showing the pixel struc-
ture in an organic EL display panel 200A relating to Modi-
fication 4. As shown in F1G. 15, the organic EL display panel
200A (hereinafter, abbreviated as display panel 200A) has
the same structure as the display panel 200 from which the
first light conversion layer 113R and the second light con-
version layer 113G are removed. With this structure, simi-
larly to that in the display panel 100A, the red color filter
114R absorbs color components other than red components
from blue light, which is emitted from part of the second
blue organic light-emitting layer 109 in each red subpixel
region, red light remaining after absorption is added to red
light, which is emitted from the organic light-emitting layer
106R, and the light after addition is externally emitted.
Similarly, the green color filter 114G absorbs color compo-
nents other than green components from blue light, which is
emitted from part of the second blue organic light-emitting
layer in each green subpixel, green light remaining after the
absorption is added to green light, which is emitted from the
organic light-emitting layer 106R, and the light after addi-
tion is externally emitted.

[0184] As a result, it is possible to partially emit, as an
output from the display panel 200A, respective blue light,
which is emitted from the parts of the second blue organic
light-emitting layer in the red and green subpixels, thereby
improving the luminous efliciency.

[0185] <Other Modifications>

[0186] Although the explanation has been given on the
display panels relating to the embodiments, the exemplified
display panels may be modified as explained below. The
present disclosure is of course not limited to the display
panels exactly as explained in the above embodiments.
[0187] (1) The display panel 100 relating to Embodiment
1, the display panel 200 relating to Embodiment 2, and
Modification 3 each include: the first filter that is disposed
above the first light conversion layer in each red subpixel
region, and blocks blue light emitted from the second blue
organic light-emitting layer in the red subpixel region; and
the second filter that is disposed above the second light
conversion layer in each green subpixel region, and blocks
blue light emitted from the second blue organic light-
emitting layer in the green subpixel region.

[0188] However, the display panels 100 and 200 and
Modification 3 only need to extract respective light from the
parts of the second blue organic light-emitting layer in the
red and green subpixel regions as well as light from the parts
of the second blue organic light-emitting layer in the blue
subpixel regions, and emit the light as an output from the
display panel. The display panels 100 and 200 and Modifi-
cation 3 may not include the first filter and the second filter.
By increasing the color purity of light emitted from the first
light conversion layer and the second light conversion layer,
it is possible to ensure the color purity of light as an output
from the display panel even if the first filter and the second
filter are omitted.

[0189] (2) The display panel 100 relating to Embodiment
1, the display panel 100A relating to Modification 1, and the
display panel 100B relating to Modification 2 include the red
color filters 14R, the green color filters 14G, and the blue
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color filters 14B that are disposed so as to correspond in
position to the red, green, and blue subpixels above the
openings 2R, 2G, and 2B, respectively. However, the display
panels 100, 100A. and 100B only need to absorb respective
blue light emitted from the parts of the second blue organic
light-emitting layer in the red and green subpixel regions
and emit the blue light upwards the cover glass 15 as red
light and green light with an increased color purity, and may
not include the blue color filters 14B in the blue subpixel
regions. In other words, the display panels 100, 100A, and
100B may include the red color filters 14R and the green
color filters 14G that are disposed so as to correspond in
position to the red and green subpixels above the openings
2R and 2G, respectively, and may not include the blue color
filters 14B above the openings 2B. Even with this structure,
it is possible to improve the luminance in the red and green
subpixel regions to improve the luminous efficiency, and
ensure the color purity of light as an output from the display
panel.

[0190] (3) The display panel 100 relating to Embodiment
1 and the display panel 200 relating to Embodiment 2
include the first electron transport layer that is disposed
between the entire red, green, and first blue organic light-
emitting layers and the charge generation layer, and the
second electron transport layer that is disposed between the
cathode and the second blue organic light-emitting layer in
the red, green, and blue subpixel regions.

[0191] However, the first and second electron transport
layers do not necessarily need to be provided, and only one
of or both of the first and second electron transport layers
may not be provided in any or all of the red, green, and blue
subpixel regions. Further, although the first and second
electron transport layers are provided in the above Embodi-
ments 1 and 2, the present disclosure is not limited by this
structure, and an electron injection layer may be further
provided in addition to the first and second electron transport
layers.

[0192] (4) The display panel 100 relating to Embodiment
1 and the display panel 200 relating to Embodiment 2
include the first electron transport layer, the charge genera-
tion layer, the second blue organic light-emitting layer, the
second electron transport layer, and the cathode, which are
sequentially formed as solid films over the entire pixels so
as to extend over the openings 2R, 2G, and 2B.

[0193] However, not all these films necessarily need to be
formed as solid films over the entire pixels, and part or all
of these films may be composed of portions that are discon-
tinuous in the red, green, and blue subpixel regions.
[0194] Also in this case, the first electron transport layer,
the charge generation layer, the second blue organic light-
emitting layer, the second electron transport layer, and the
cathode each collectively indicate the whole region includ-
ing the discontinuous portions in the subpixels of the red,
green, and blue colors and so on.

[0195] (5) In the above Embodiments 1 and 2, the anodes
are provided on the side close to the substrate on which the
TFTs are provided, and the cathode is provided on the side
distant from the substrate. Alternatively, the cathode may be
provided on the side close to the substrate on which the TFTs
are provided, and the anodes may be provided on the side
distant from the substrate.

[0196] <Supplement>

[0197] The embodiments described above each show a
specific preferred example of the present disclosure. The
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numerical values, the shapes, the materials, the structural
elements, the arrangement and connection status of the
structural elements, the processes, the order of the processes,
and so on described in the above embodiments are just
examples, and do not intend to limit the present disclosure.
Also, processes among the structural elements in the
embodiments, which are not described in the independent
claims representing the most generic concept of the present
disclosure, are explained as arbitrary structural elements of
a more preferred embodiment.

[0198] Also, the scale reduction of the structural elements
shown in the figures in the above embodiments may differ
from the actual scale reduction for easy understanding of the
present disclosure. Further, the present disclosure is not
limited by the description of the above embodiments, and
may be appropriately modified without departing from the
scope of the present disclosure.

[0199] Moreover, although the display panel and the dis-
play device include circuit components and members such
as lead wires that are provided on the substrate, various
types of aspects of the electrical wirings and the electric
circuits may be implemented based on the common knowl-
edge in the technical field, and explanation thereof is omitted
because of not being directly relevant to the present disclo-
sure. Note that the figures shown in the above embodiments
are pattern diagrams, and accordingly the structural ele-
ments shown in the figures are not necessarily exactly
scaled.

INDUSTRIAL APPLICABILITY

[0200] The organic EL display panel relating to the present
disclosure is widely utilizable for organic light-emitting
devices such as organic EL light-emitting devices and so on.

REFERENCE SIGNS LIST

[0201] 1 substrate

[0202] 2 barrier rib (bank)

[0203] 3 pixel electrode (anode)

[0204] 4 hole injection layer

[0205] 5 hole transport layer

[0206] 6 organic light-emitting layer

[0207] 6B first blue organic light-emitting layer
[0208] 6G green organic light-emitting layer
[0209] 6R red organic light-emitting layer
[0210] 7 first electron transport layer

[0211] 8 charge generation layer

[0212] 9 second blue organic light-emitting layer
[0213] 10 second electron transport layer
[0214] 11 counter electrode

[0215] 12 resin passivation layer

[0216] 13R first light conversion layer
[0217] 13G second light conversion layer
[0218] 14R red color filter

[0219] 14G green color filter

[0220] 14B blue color filter

[0221] 15 cover glass

[0222] 17 drive control unit

[0223] 18-21 drive circuit

[0224] 22 control circuit
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[0225] 100, 100A, 200, and 200A organic EL display light that is emitted from at least one of the first and
panel second blue organic light-emitting layers in the blue
[0226] 1000 display device subpixel region.
1-18. (canceled) 24. The organic EL display panel of claim 19, further
19. An organic EL display panel that includes pixels each comprising:
of which is composed of a red subpixel, a green subpixel, a third light conversion layer that is disposed above the
and a blue subpixel, the organic EL display panel compris- counter electrode in the blue subpixel region, and
ing: converts blue light that is emitted from at least one of

a substrate;

a barrier rib that is disposed on the substrate, and parti-
tions between a red subpixel region, a green subpixel
region, and a blue subpixel region of the respective red,
green, and blue subpixels;

a first pixel electrode and a red organic light-emitting

the first and second blue organic light-emitting layers in
the blue subpixel region to blue light having a different
luminescence spectrum from the emitted blue light; and

a third filter that is disposed on the third light conversion

layer, and partially blocks the blue light that is emitted
upwards from the third light conversion layer.

layer that are disposed above the substrate sequentially
from a side of the substrate in the red subpixel region;

a second pixel electrode and a green organic light-emit-
ting layer that are disposed above the substrate sequen-
tially from the side of the substrate in the green
subpixel region;

a third pixel electrode and a first blue organic light-
emitting layer that are disposed above the substrate
sequentially from the side of the substrate in the blue
subpixel region;

a charge generation layer that is disposed above the red,
green, and first blue organic light-emitting layers;

a second blue organic light-emitting layer that is disposed
on the charge generation layer in the red, green, and
blue subpixel regions;

a counter electrode of the first, second, and third pixel
electrodes that is disposed above the second blue
organic light-emitting layer in the red, green, and blue
subpixels regions;

a first light conversion layer that is disposed above the
second blue organic light-emitting layer in the red
subpixel region, and converts blue light to red light; and

a second light conversion layer that is disposed above the
second blue organic light-emitting layer in the green
subpixel region, and converts blue light to green light.

20. The organic EL display panel of claim 19, wherein

the red, green, and first blue organic light-emitting layers
have undergone a wet process, and

the second blue organic light-emitting layer and the
charge generation layer have undergone a dry process.

21. The organic EL display panel of claim 19, further

comprising:

25. The organic EL display panel of claim 19, further
comprising:

a first electron transport layer that is disposed between the
entire red, green, and first blue organic light-emitting
layers and the charge generation layer; and

a second electron transport layer that is disposed between
the second blue organic light-emitting layer and the
counter electrode in the red, green, and blue subpixel
regions, wherein

the second electron transport layer has a larger thickness
than the first electron transport layer.

26. The organic EL display panel of claim 19, wherein

the charge generation layer supplies holes to the second
blue organic light-emitting layer, and supplies electrons
from at least one of respective parts of the red, green,
and blue subpixel regions to a corresponding one of the
red, green, and first blue organic light-emitting layers in
the red, green, and blue subpixel regions, respectively.

27. The organic EL display panel of claim 19, wherein

the charge generation layer is discontinuous above the
red, green, and first blue organic light-emitting layers.

28. The organic EL display panel of claim 19, wherein

the second blue organic light-emitting layer is discontinu-
ous in the red, green, and blue subpixel regions.

29. An organic EL display panel that includes pixels each
of which is composed of a red subpixel, a green subpixel,
and a blue subpixel, the organic EL display panel compris-
ing:

a substrate;

a barrier rib that is disposed on the substrate, and parti-

tions between a red subpixel region, a green subpixel

a first filter that is disposed on the first light conversion
layer in the red subpixel region, and blocks blue light;
and

a second filter that is disposed on the second light con-
version layer in the green subpixel region, and blocks
blue light.

22. The organic EL display panel of claim 19, further

comprising

a third light conversion layer that is disposed above the
counter electrode in the blue subpixel region, and
converts blue light that is emitted from at least one of
the first and second blue organic light-emitting layers in
the blue subpixel region to blue light having a different
luminescence spectrum from the emitted blue light.

23. The organic EL display panel of claim 19, further

comprising

a third filter that is disposed above the counter electrode
in the blue subpixel region, and partially blocks blue

region, and a blue subpixel region of the respective red,
green, and blue subpixels;

a first pixel electrode and a red organic light-emitting

layer that are disposed above the substrate sequentially
from a side of the substrate in the red subpixel region;

a second pixel electrode and a green organic light-emit-

ting layer that are disposed above the substrate sequen-
tially from the side of the substrate in the green
subpixel region;

third pixel electrode and a first blue organic light-
emitting layer that are disposed above the substrate
sequentially from the side of the substrate in the blue
subpixel region;

a charge generation layer that is disposed above the red,

green, and first blue organic light-emitting layers;

a second blue organic light-emitting layer that is disposed

on the charge generation layer in the red, green, and
blue subpixel regions;
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a counter electrode of the first, second, and third pixel
electrodes that is disposed above the second blue
organic light-emitting layer in the red, green, and blue
subpixels regions;

a first filter that is disposed above the second blue organic
light-emitting layer in the red subpixel region, and
blocks blue light; and

a second filter that is disposed above the second blue
organic light-emitting layer in the green subpixel
region, and blocks blue light.

30. The organic EL display panel of claim 29, further

comprising

a third filter that is disposed above the counter electrode
in the blue subpixel region, and partially blocks blue
light that is emitted from at least one of the first and
second blue organic light-emitting layers in the blue
subpixel region.

31. A manufacturing method of the organic EL display
panel of claim 19, the manufacturing method comprising the
steps of:

forming each of the first, second, third pixel electrodes,
the red, green, and first blue organic light-emitting
layers by a wet process; and

forming each of the charge generation layer, the second
blue organic light-emitting layer, and the counter elec-
trode by a dry process.

32. The manufacturing method of claim 31, wherein

the wet process is one or more of a printing method, a spin
coating method, an inkjet method, and a photolithog-
raphy method, and

the dry process is one or more of a vapor deposition
method, a sputtering method, and an ion plating
method.

33. An organic EL display panel that includes pixels each
of which is composed of a red subpixel, a green subpixel, a
blue subpixel, and a dark blue subpixel, the organic EL
display panel comprising:

a substrate;

a barrier rib that is disposed on the substrate, and parti-
tions between a red subpixel region, a green subpixel
region, a blue subpixel region, and a dark blue subpixel
region of the respective red, green, blue, and dark blue
subpixels;

a first pixel electrode and a red organic light-emitting
layer that are disposed above the substrate sequentially
from a side of the substrate in the red subpixel region;

a second pixel electrode and a green organic light-emit-
ting layer that are disposed above the substrate sequen-
tially from the side of the substrate in the green
subpixel region;

a third pixel electrode and a first blue organic light-
emitting layer that are disposed above the substrate
sequentially from the side of the substrate in the blue
subpixel region;

a fourth pixel electrode that is disposed on the substrate in
the dark blue subpixel region;

a charge generation layer that is disposed above the red,
green, and first blue organic light-emitting layers and
the fourth pixel electrode;

a second blue organic light-emitting layer that is disposed
on the charge generation layer in the red, green, blue,
and dark blue subpixel regions;

a counter electrode of the first, second, third pixel, and
fourth electrodes that is disposed above the second blue
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organic light-emitting layer in the red, green, blue, and
dark blue subpixels regions;

a first light conversion layer that is disposed above the
second blue organic light-emitting layer in the red
subpixel region, and converts blue light to red light; and

a second light conversion layer that is disposed above the
second blue organic light-emitting layer in the green
subpixel region, and converts blue light to green light.

34. The organic EL display panel of claim 33, further
comprising:

a first filter that is disposed on the first light conversion
layer in the red subpixel region, and blocks blue light;
and

a second filter that is disposed on the second light con-
version layer in the green subpixel region, and blocks
blue light.

35. The organic EL display panel of claim 33, further

comprising at least one of:

a third filter that is disposed above the counter electrode
in the blue subpixel region, and partially blocks blue
light that is emitted from at least one of the first and
second blue organic light-emitting layers in the blue
subpixel region; and

a fourth filter that is disposed above the counter electrode
in the dark blue subpixel region, and partially blocks
blue light that is emitted from at least one of the first
and second blue organic light-emitting layers in the
dark blue subpixel region.

36. An organic EL display panel that includes pixels each
of which 1s composed of a red subpixel, a green subpixel, a
blue subpixel, and a dark blue subpixel, the organic EL
display panel comprising:

a substrate;

a barrier rib that is disposed on the substrate, and parti-
tions between a red subpixel region, a green subpixel
region, a blue subpixel region, and a dark blue subpixel
region of the respective red, green, blue, and dark blue
subpixels;

a first pixel electrode and a red organic light-emitting
layer that are disposed above the substrate sequentially
from a side of the substrate in the red subpixel region;

a second pixel electrode and a green organic light-emit-
ting layer that are disposed above the substrate sequen-
tially from the side of the substrate in the green
subpixel region;

a third pixel electrode and a first blue organic light-
emitting layer that are disposed above the substrate
sequentially from the side of the substrate in the blue
subpixel region;

a fourth pixel electrode that is disposed on the substrate in
the dark blue subpixel region;

a charge generation layer that is disposed above the red,
green, and first blue organic light-emitting layers and
the fourth pixel electrode;

a second blue organic light-emitting layer that is disposed
on the charge generation layer in the red, green, blue,
and dark blue subpixel regions;

a counter electrode of the first, second, third pixel, and
fourth electrodes that is disposed above the second blue
organic light-emitting layer in the red, green, blue, and
dark blue subpixels regions;

a first filter that is disposed above the second blue organic
light-emitting layer in the red subpixel region, and



US 2016/0293676 Al Oct. 6, 2016
17

blocks transmission of blue light that is emitted from
the second blue organic light-emitting layer in the red
subpixel region; and

a second filter that is disposed above the second blue
organic light-emitting layer in the green subpixel
region, and blocks transmission of blue light that is
emitted from the second blue organic light-emitting
layer in the red subpixel region.
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