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(57) ABSTRACT

An organic EL display panel having a plurality of pixels
arranged, the pixels each including blue, green and red
sub-pixels, includes: a substrate; a first pixel electrode layer,
a first hole injection layer, a first hole transport layer and a
blue organic light-emitting layer provided in regions of the
blue sub-pixels over the substrate in this order from the
substrate side; a second pixel electrode layer, a second hole
injection layer, a second hole transport layer and a green
organic light-emitting layer provided in regions of the green
sub-pixels over the substrate in this order from the substrate
side; a third pixel electrode layer, a third hole injection layer,
a third hole transport layer and a red organic light-emitting
layer provided in regions of the red sub-pixels over the
substrate in this order from the substrate side; and a counter
electrode layer provided over the blue, green and red organic
light-emitting layers.
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ORGANIC EL DISPLAY PANEL AND
METHOD OF MANUFACTURING ORGANIC
EL DISPLAY PANEL

BACKGROUND

[0001] The present disclosure relates to an organic elec-
troluminescence (EL) display panel in which organic EL
elements utilizing an electroluminescence phenomenon of
an organic material are used, and a method of manufacturing
the same.

[0002] In recent years, as display panels for use in display
apparatuses such as digital television sets, organic EL dis-
play panels in which a plurality of organic EL elements are
arranged in a matrix pattern on a substrate have been put to
practical use.

[0003] In an organic EL display panel, generally, a light-
emitting layer of each organic EL element and those of the
adjacent organic EL elements are partitioned by an insulat-
ing layer formed of an insulating material. In an organic EL.
display panel for color display, the organic EL. elements
constitute sub-pixels that each emit light in red (R), green
(G) or blue (B), and the adjacent RGB sub-pixels are
combined together to form a unit pixel in color display.
[0004] The organic EL element has a basic structure in
which a light-emitting layer containing an organic light-
emitting material is disposed between a pair of electrodes,
namely, an anode and a cathode. At the time of driving, a
voltage is impressed between the pair of electrodes, and
holes injected into the light-emitting layer from the anode
and electrons injected into the light-emitting layer from the
cathode are brought into recombination, whereby light is
emitted. In a top emission type organic EL element, the light
from the light-emitting layer is reflected by the anode which
is formed of a light-reflecting material and is emitted to the
upper side from the cathode which is formed of a light-
transmitting material.

[0005] For enhancing the light emission efficiency of the
organic EL element, it is important to efficiently inject the
carriers (holes and electrons) from the electrodes into the
functional layer. For efficient injection of the carriers, in
general, it is effective to provide an injection layer for
lowering the energy barrier at the time of injection (injection
barrier), between each electrode and the functional layer. For
instance, in relation to a top emission type organic EL
element, there has been proposed a technology in which a
plurality of hole injection layers are provided between the
anode and the light-emitting layer to enhance the hole
injection property from the anode into the light-emitting
layer, thereby improving the life characteristic of the organic
EL element (see, for example, Japanese Patent Laid-open
No. 2007-5784).

SUMMARY

[0006] However, the carrier density required according to
the characteristics of the light-emitting layer is different for
the different ones of the color sub-pixels that emit light in
respective RGB colors. According to the conventional con-
figuration wherein the hole injection layers in the RGB
sub-pixels have the same structure, therefore, there may
arise a problem that a sufficient emission luminance cannot
be obtained at the light-emitting layers for each color, or the
voltage impressed on one or some of the RGB sub-pixels
becomes excessively high, leading to a lowered element life.
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[0007] In addition, in the top emission type organic EL
element, in order to enhance the color purity of the emitted
light and thereby to enhance the emission luminance, it is
necessary to differentiate the anode-cathode distance on the
basis of each sub-pixel for emitting light in each of RGB
colors, and thereby to adopt an optical resonator structure
between the anode and the cathode, thereby enhancing the
light extraction efficiency.

[0008] Thus, there is a need for an organic EL display
panel wherein emission luminance and light extraction effi-
ciency of organic EL elements are enhanced and element life
is improved, and for a manufacturing method suitable for
manufacturing such an organic EL display panel.

[0009] In accordance with a mode of the present disclo-
sure, there is provided an organic EL display panel having
a plurality of pixels arranged, the pixels each including a
blue sub-pixel, a green sub-pixel and a red sub-pixel, the
organic EL display panel including: a substrate; a first pixel
electrode layer, a first hole injection layer, a first hole
transport layer and a blue organic light-emitting layer pro-
vided in regions of the blue sub-pixels over the substrate in
this order from the substrate side; a second pixel electrode
layer, a second hole injection layer, a second hole transport
layer and a green organic light-emitting layer provided in
regions of the green sub-pixels over the substrate in this
order from the substrate side; a third pixel electrode layer, a
third hole injection layer, a third hole transport layer and a
red organic light-emitting layer provided in regions of the
red sub-pixels over the substrate in this order from the
substrate side; and a counter electrode layer provided over
the blue organic light-emitting layer, the green organic
light-emitting layer and the red organic light-emitting layer.
In the organic EL display panel, the first hole injection layer
includes a first lower layer made of a metallic oxide and a
first upper layer made of an organic material stacked on the
first lower layer, the second hole injection layer includes a
second lower layer made of the metallic oxide and a second
upper layer made of the organic material stacked on the
second lower layer, and the third hole injection layer
includes a third lower layer made of the metallic oxide and
a third upper layer made of the organic material stacked on
the third lower layer, the third upper layer being greater in
thickness than the first upper layer and the second upper
layer.

[0010] In the organic EL display panel according to the
described mode, the emission luminance and light extraction
efficiency of the organic EL elements can be enhanced, and
the element life can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic block diagram showing a
circuit configuration of an organic EL display apparatus
according to an embodiment of the present disclosure;
[0012] FIG. 2 is a schematic circuit diagram showing a
circuit configuration of each sub-pixel of an organic EL
display panel used in the organic EL display apparatus;
[0013] FIG. 3 is a schematic plan view showing a part of
the organic EL display panel;

[0014] FIG. 4 is a schematic sectional view taken along
line A-A of FIG. 3;

[0015] FIG. 5 is a schematic sectional view taken along
line B-B of FIG. 3;
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[0016] FIGS. 6A to 6E are schematic sectional views
taken along the same position as line A-A of FIG. 3,
depicting the states in steps of manufacture of the organic
EL display panel;

[0017] FIGS. 7A and 7B illustrate steps of applying an ink
for forming a light-emitting layer to a substrate in a method
of manufacturing the organic EL display panel, wherein
FIG. 7A corresponds to the case of applying the ink to grid
pattern regions defined by row banks and column banks, and
FIG. 7B corresponds to the case of applying the ink uni-
formly to gaps between the column banks;

[0018] FIGS. 8A to 8D are schematic sectional views
showing states in steps of manufacture of a color filter (CF)
substrate in manufacture of the organic EL display panel;

[0019] FIGS. 9A and 9B are schematic sectional views
taken along the same position as line A-A of FIG. 3, showing
a state in a lamination step of the CF substrate and a back
panel in manufacture of the organic EL display panel;

[0020] FIG. 10 is an illustration for explaining light inter-
ferences in an optical resonator structure formed in the
organic EL display panel;

[0021] FIGS. 11Ato 11C are diagrams showing the results
of optical simulation indicative of the relation between the
thickness of an upper layer of each of RGB colors and light
extraction efficiency in the organic EL display panel; and

[0022] FIG. 12 shows test results of life characteristic of
the organic EL display panel.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Outline of Embodiment of Present Disclosure

[0023] An organic EL display panel in accordance with an
embodiment of the present disclosure is an organic EL
display panel having a plurality of pixels arranged, the pixels
each including a blue sub-pixel, a green sub-pixel and a red
sub-pixel. The organic EL display panel includes: a sub-
strate; a first pixel electrode layer, a first hole injection layer,
a first hole transport layer and a blue organic light-emitting
layer provided in regions of the blue sub-pixels over the
substrate in this order from the substrate side; a second pixel
electrode layer, a second hole injection layer, a second hole
transport layer and a green organic light-emitting layer
provided in regions of the green sub-pixels over the sub-
strate in this order from the substrate side; a third pixel
electrode layer, a third hole injection layer, a third hole
transport layer and a red organic light-emitting layer pro-
vided in regions of the red sub-pixels over the substrate in
this order from the substrate side; and a counter electrode
layer provided over the blue organic light-emitting layer, the
green organic light-emitting layer and the red organic light-
emitting layer, wherein the first hole injection layer includes
a first lower layer made of a metallic oxide and a first upper
layer made of an organic material stacked on the first lower
layer, the second hole injection layer includes a second
lower layer made of the metallic oxide and a second upper
layer made of the organic material stacked on the second
lower layer, and the third hole injection layer includes a third
lower layer made of the metallic oxide and a third upper
layer made of the organic material stacked on the third lower
layer, the third upper layer being greater in thickness than
the first upper layer and the second upper layer.
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[0024] This configuration makes it possible to enhance
emission luminance and light extraction efficiency of the
organic EL element and to improve element life.

[0025] In addition, in another mode, in the above configu-
ration, a configuration may be adopted wherein the thickness
of the first upper layer is more than 0 nm and not more than
25 nm, the thickness of the second upper layer is more than
0 nm and not more than 30 nm, and the thickness of the third
upper layer is 20 to 50 nm.

[0026] According to this configuration, the light-emitting
layers are driven by optimum voltages corresponding to
carrier densities necessary for driving on each emission
color basis, so that a sufficient emission luminance can be
obtained at each light-emitting layer.

[0027] Furthermore, in a resonator structure, the film
thickness of the upper layer of the hole injection layer can
easily be appropriately set in such a manner that an optical
film thickness is adjusted to an optical film thickness which
gives a maximum light extraction efficiency, so that light
extraction efficiency can be enhanced.

[0028] Besides, in a further mode, in any of the above
configurations, the organic material may include a mixture
of polythiophene and polystyrenesulfonic acid.

[0029] According to this configuration, the upper layer is
formed by an applying system such as an ink jet method,
and, in the applying system, it is possible, by varying the
amount of the ink jetted from nozzles, to comparatively
easily control the film thickness depending on the film
formation parts, even in the case of forming films on the
same substrate.

[0030] In yet another mode, in any of the above configu-
rations, the first lower layer, the second lower layer and the
third lower layer may be the same in thickness.

[0031] According to this configuration, it is unnecessary to
perform film formation and patterning for the lower layers
separately while using shadow masks, so that an increase in
cycle time on a manufacturing process basis and an increase
in cost on a mass production basis can be obviated.

[0032] In a yet further mode, in any of the above configu-
rations, the first lower layer, the second lower layer and the
third lower layer may be 5 to 20 nm in thickness.

[0033] In still another mode, in any of the above configu-
rations, the metallic oxide may include an oxide of tungsten
(W).

[0034] According to this configuration, the lower layer can
be formed by sputtering or vapor phase growth such as
vacuum deposition. The forming method for the lower layer
includes a method of forming a film of a metal followed by
baking and a method of forming a metallic oxide film
directly, either of which may be used so long as the intended
effect is not hindered.

[0035] From the viewpoint of adhesion of the lower layer
to the upper layer, it is desirable to form a film of a metal and
thereafter bake the metallic film.

[0036] In a still further mode, in any of the above con-
figurations, the organic EL display panel may further include
a bank arranged over the substrate for partitioning the
regions of the blue sub-pixels, the green sub-pixels and the
red sub-pixels, and the bank may include: a plurality of
column banks arranged at least over row-directionally outer
edges of the first, second and third pixel electrode layers and
over the substrate located between the row-directionally
outer edges; and a plurality of row banks arranged at least
over column-directionally outer edges of the first pixel
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electrode layer, the second pixel electrode layer or the third
pixel electrode layer and over the substrate located between
the column-directionally outer edges. In addition, in another
mode, in any of the above configurations, the first upper
layer, the second upper layer and the third upper layer may
be arranged continuously in the column direction over the
row banks.

[0037] According to this configuration, in the display
panel manufactured by applying an ink containing a material
for hole injection layer to the inside of column-shaped
application regions on a substrate, the flow in the column
direction of the ink containing an organic compound as the
material for the hole injection layer in gaps between the
column banks can be controlled, whereby the uniformity of
film thickness of the hole injection layers in the column-
shaped application regions can be enhanced, variations in
hole injection property can be restrained, and unevenness of
luminance can be improved.

[0038] In a further mode, in any of the above configura-
tions, the blue light-emitting layer, the green light-emitting
layer and the red light-emitting layer may be arranged
continuously in the column direction over the row banks.
[0039] According to this configuration, the flow in the
column direction of the ink containing an organic compound
as the material for the light-emitting layer in gaps between
the column banks can be controlled, whereby uniformity of
film thickness of the light-emitting layers in the column-
shaped application regions can be enhanced, and unevenness
of luminance can be improved.

[0040] In yet another mode, in any of the above configu-
rations, the organic EL display panel may further include the
hole transport layers arranged in gaps between the adjacent
column banks over at least the first hole injection layer, the
second hole injection layer or the third hole injection layer.
In a yet further mode, in any of the above configurations, the
hole transport layers may be arranged continuously in the
column direction over the row banks.

[0041] According to such a configuration as just-men-
tioned, the flow in the column direction of the ink containing
an organic compound as the material for the hole transport
layer in gaps between the column banks can be controlled,
whereby uniformity of film thickness of the hole transport
layers in the column-shaped application regions can be
enhanced, and unevenness of luminance can be improved.
[0042] A method of manufacturing an organic EL display
panel in accordance with another embodiment of the present
disclosure is a method of manufacturing an organic EL
display panel having a plurality of pixels arranged, the pixels
each including a blue sub-pixel, a green sub-pixel and a red
sub-pixel, the method including: preparing a substrate;
forming by vapor phase growth a first pixel electrode layer
in formation regions of the blue sub-pixels over the sub-
strate, a second pixel electrode layer in formation regions of
the green sub-pixels over the substrate, and a third pixel
electrode layer in formation regions of the red sub-pixels
over the substrate; depositing a metal on the first pixel
electrode layer, the second pixel electrode layer and the third
pixel electrode layer by vapor phase growth, and thereafter
performing baking to form a first lower layer, a second lower
layer and a third lower layer, respectively; applying an ink
containing an organic material onto at least the first lower
layer, the second lower layer and the third lower layer, and
thereafter performing baking to form a first upper layer, a
second upper layer, and a third upper layer greater in
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thickness than the first upper layer and the second upper
layer, respectively; applying an ink containing a material for
a blue organic light-emitting layer, an ink containing a
material for a green organic light-emitting layer, and an ink
containing a material for a red organic light-emitting layer
respectively onto at least the first upper layer, the second
upper layer and the third upper layer, and thereafter per-
forming baking to form the blue organic light-emitting layer,
the green organic light-emitting layer and the red organic
light-emitting layer; and forming a counter electrode layer
over the blue organic light-emitting layer, the green organic
light-emitting layer and the red organic light-emitting layer.
[0043] According to this configuration, it is possible to
enhance emission luminance and light extraction efficiency
of'the organic EL element, and to manufacture an organic EL.
display panel in which element life is improved.

[0044] Besides, the upper layer is formed by use of an
applying system such as an ink jet method, and the applying
system makes it possible, by varying the amount of the ink
jetted from nozzles, to comparatively easily control the film
thickness according to the film formation parts even in the
case of forming films on the same substrate. It is possible,
therefore, to obviate the rise in cost due to material loss and
the lowering in productivity attendant on highly accurate
aligning of precision masks mentioned above.

[0045] In addition, in another mode, the above method of
manufacturing the organic EL display panel may further
include, after forming the first pixel electrode layer, the
second pixel electrode layer and the third pixel electrode
layer, forming a plurality of column banks at least over
row-directionally outer edges of the first pixel electrode
layer, the second pixel electrode layer and the third pixel
electrode layer and over the substrate located between the
row-directionally outer edges and forming a plurality of row
banks at least over column-directionally outer edges of the
first pixel electrode layer, the second pixel electrode layer
and the third pixel electrode layer and over the substrate
located between the column-directionally outer edges,
wherein in forming the first upper layer, the second upper
layer and the third upper layer, an ink containing the organic
material is applied continuously in the column direction over
the row banks in gaps between adjacent ones of the column
banks.

[0046] By this configuration, the flow in the column
direction of the ink containing an organic compound as the
material for the hole injection layer in the gaps between the
column banks can be controlled, whereby uniformity of film
thickness of the hole injection layers in column-shaped
application regions can be enhanced, variations of hole
injection property can be restrained, and unevenness of
luminance can be improved.

[0047] In a further mode, in any of the above configura-
tions, the method of manufacturing the organic EL display
panel may further include after forming the first upper layer,
the second upper layer and the third upper layer, applying an
ink containing a material for a hole transport layer onto at
least the first upper layer, the second upper layer and the
third upper layer, and thereafter performing baking to form
a first hole transport layer, a second hole transport layer and
a third hole transport layer, respectively.

[0048] By this configuration, the flow in the column
direction of the ink containing an organic compound as the
material for the hole transport layer in the gaps between the
column banks can be controlled, whereby uniformity of film
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thickness of the hole transport layers in column-shaped
application regions can be enhanced, and unevenness of
luminance can be improved.

[0049] A method of manufacturing an organic EL display
in accordance with a further embodiment of the present
disclosure is a method of manufacturing an organic EL
display panel having a plurality of pixels arranged, the pixels
each including a blue sub-pixel, a green sub-pixel and a red
sub-pixel, the method including: preparing a substrate;
forming by vapor phase growth a first pixel electrode layer
in formation regions of the blue sub-pixels over the sub-
strate, a second pixel electrode layer in formation regions of
the green sub-pixels over the substrate, and a third pixel
electrode layer in formation regions of the red sub-pixels
over the substrate; depositing a metallic oxide on the first
pixel electrode layer, the second pixel electrode layer and the
third pixel electrode layer by vapor phase growth to form a
first lower layer, a second lower layer and a third lower layer,
respectively; applying an ink containing an organic material
onto at least the first lower layer, the second lower layer and
the third lower layer, and thereafter performing baking to
form a first upper layer, a second upper layer, and a third
upper layer greater in thickness than the first upper layer and
the second upper layer, respectively; applying an ink con-
taining a material for a blue organic light-emitting layer, an
ink containing a material for a green organic light-emitting
layer, and an ink containing a material for a red organic
light-emitting layer respectively onto at least the first upper
layer, the second upper layer and the third upper layer, and
thereafter performing baking to form the blue organic light-
emitting layer, the green organic light-emitting layer and the
red organic light-emitting layer; and forming a counter
electrode layer over the blue organic light-emitting layer, the
green organic light-emitting layer and the red organic light-
emitting layer.

Embodiment

1. Circuit Configuration of Display Apparatus 1

[0050] A circuit configuration of an organic EL display
apparatus according to an embodiment of the present dis-
closure (hereinafter referred to as “display apparatus 1) will
now be described below, referring to FIG. 1.

[0051] As shown in FIG. 1, the display apparatus 1
includes an organic EL display panel 10 (hereinafter referred
to as “display panel 10”) and a driving control circuit section
20 connected thereto.

[0052] The display panel 10 is an organic EL panel which
utilizes an electroluminescence phenomenon of an organic
material, and in which a plurality of organic EL elements are
arranged, for example, in a matrix pattern. The driving
control circuit section 20 includes four driving circuits 21 to
24 and a control circuit 25.

[0053] Note that in the display apparatus 1, the layout
configuration of the circuits of the driving control circuit
section 20 in relation to the display panel 10 is not limited
to the configuration shown in FIG. 1.

2. Circuit Configuration of Display Panel 10

[0054] The plurality of organic EL elements in the display
panel 10 are each composed of a unit pixel 100e including
sub-pixels (not shown) 100se for three colors that emit light
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in respective RGB colors. A circuit configuration of each
sub-pixel 100se will be described referring to FIG. 2.
[0055] FIG. 2 is a schematic circuit diagram showing the
circuit configuration in the organic ELL element 100 corre-
sponding to each sub-pixel 100se of the display panel 10
used for the display apparatus 1. In the display panel 10, the
organic EL elements 100 constituting the unit pixels 100e
are arranged in a matrix pattern, to constitute a display
region.

[0056] As illustrated in FIG. 2, in the display panel 10
according to the present embodiment, each sub-pixel 100se
includes two transistors Trl and Tr2, one capacitance C, and
an organic EL element section EL as a light-emitting section.
The transistor Trl is a driving transistor, and the transistor
Tr2 is a switching transistor.

[0057] A gate G2 of the switching transistor Tr2 is con-
nected to a scanning line Vscn, and its source S2 is con-
nected to a data line Vdat. A drain D2 of the switching
transistor Tr2 is connected to a gate G1 of the driving
transistor Trl.

[0058] A drain D1 of the driving transistor Trl is con-
nected to a power supply line Va, and its source S1 is
connected to a pixel electrode layer (anode) of the organic
EL element section EL.. A counter electrode layer (cathode)
of the organic EL element section EL is connected to a
ground line Vcat.

[0059] Note that the capacitance C is provided in such a
manner that the drain D2 of the switching transistor Tr2 and
the gate G1 of the driving transistor Trl are connected to the
power supply line Va therethrough.

[0060] In the display panel 10, a plurality of adjacent
sub-pixels 100se (for example, three sub-pixels 100se for
luminescent colors of RGB) are combined to constitute one
unit pixel 100e, and such unit pixels 100e are arranged in a
distribution to constitute a pixel region. Gate lines GL are
extended from the respective gates G2 of the sub-pixels
100se, and are connected to the scanning line Vscn which is
connected from outside of the display panel 10. Similarly,
source lines SL are extended from the respective sources S2
of the sub-pixels 100se, and are connected to the data line
Vdat which is connected from outside of the display panel
10.

[0061] Inaddition, power supply lines Va of the sub-pixels
100se and ground lines Vcat of the sub-pixels 100se are
together connected to the power supply line Va and to the
ground line Vcat.

3. General Configuration of Display Panel 10

[0062] The display panel 10 according to the present
embodiment will be described referring to the drawings.
Note that the drawings are schematic drawings, and reduc-
tion scales used therein may not reflect the actual sizes.
[0063] FIG. 3 is a schematic plan view showing a part of
the display panel 10 according to the present embodiment.
FIG. 4 is a schematic sectional view taken along line A-A of
FIG. 3. FIG. 5 is a schematic sectional view taken along line
B-B of FIG. 3.

[0064] The display panel 10 is an organic EL display panel
which utilizes an electroluminescence phenomenon of an
organic compound, and has a top emission type configura-
tion wherein a plurality of organic EL elements 100 indi-
vidually constituting pixels are arranged in a matrix pattern
on a substrate 100x (TFT substrate) formed with thin film
transistors (TFTs) and light is emitted from the upper
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surface. Herein, an X-direction, a Y-direction and a Z-di-
rection in FIG. 3 are assumed to be a row direction, a column
direction and a thickness direction in the display panel 10,
respectively.

[0065] In adisplay element arrangement region 10e of the
display panel 10, the unit pixels 100e corresponding to the
organic EL elements 100 are arranged in a matrix pattern. In
each unit pixel 100e, three kinds of self-luminescence
regions 100a where light is emitted by an organic com-
pound, namely, a self-luminescence region 100aR for emit-
ting light in red, a self-luminescence region 100aG for
emitting light in green, and a self-luminescence region
100aB for emitting light in blue (hereinafter generically
referred to as “100a” where 100aR, 100aG and 100aB are
not discriminated from one another) are formed. Specifi-
cally, three sub-pixels 100se (hereinafter referred to as “red
sub-pixel 100seR,” “green sub-pixel 100seG” and “blue
sub-pixel 100seB” when discriminated from one another)
corresponding respectively to the self-luminescence regions
100aR, 100aG and 100aB arranged in the row direction as
shown in FIG. 3 are combined into a set, and such a set
constitutes the unit pixel 100e in color display.

[0066] Inaddition, as shown in FIG. 3, in the display panel
10, a plurality of pixel electrode layers 119 are arranged on
the substrate 100x in a matrix pattern in the state of being
spaced away by predetermined distances in the row direction
and the column direction. The pixel electrode layers 119 are
rectangular in shape in plan view, and are formed from a
light-reflecting material. The pixel electrode layers 119
arranged in the matrix pattern correspond to the three
self-luminescence regions 100aR, 100e¢G and 100aB
arranged in order in the row direction.

[0067] In the display panel 10, the shape of banks 122 is
of a so-called line-shaped insulating layer type. Specifically,
over row-directionally outer edges 11943 and 11944 of two
pixel electrode layers 119 adjacent to each other in the row
direction and over regions of the substrate 100x located
between the outer edges 11943 and 11944, a plurality of
column banks 522Y each extending in the column direction
(in the Y-direction in FIG. 3) are juxtaposed in the row
direction. Therefore, the row-directionally outer edges of the
self-luminescence regions 100a are defined by the row-
directionally outer edges of the column banks 522Y.
[0068] On the other hand, over column-directionally outer
edges 11941 and 11942 of two pixel electrode layers 119
adjacent to each other in the column direction and over
regions of the substrate 100x located between the outer
edges 11941 and 11942, a plurality of row banks 122X each
extending in the row direction (the X-direction in FIG. 3) are
juxtaposed in the column direction. The region in which the
row bank 122X is formed does not show organic electrolu-
minescence in a light-emitting layer 123 over the pixel
electrode layer 119, and, therefore, serves as a non-self-
luminescence region 1005. Therefore, the column-direction-
ally outer edges of the non-self-luminescence regions 1005
are defined by the column-directionally outer edges of the
row banks 122X.

[0069] Where the areas between the adjacent column
banks 522Y are defined as gaps 522z, the gaps 522z include
red gaps 522zR corresponding to the self-luminescence
regions 100aR, green gaps 522zG corresponding to the
self-luminescence regions 100aG, and blue gaps 522zB
corresponding to the self-luminescence regions 100aB
(hereinafter referred to as “gaps 522z where the gap 522zR,
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the gap 522zG and the gap 522zB are not discriminated from
one another), and the display panel 10 has a configuration
wherein multiplicities of the column banks 522Y and the
gaps 522z are alternately arranged.

[0070] Besides, as shown in FIG. 3, in the display panel
10, the plurality of self-luminescence regions 100a and the
plurality of non-self-luminescence regions 1005 are alter-
nately arranged in the column direction along the gap 522z.
In the non-self-luminescence region 1005, a connection
recess 119¢ (contact hole) for connection between the pixel
electrode layer 119 and the TFT source S1 is present, and a
contact region 1195 (contact window) on the pixel electrode
layer 119 for electrical connection to the pixel electrode
layer 119 is provided.

[0071] As shown in FIGS. 4 and 5, in one sub-pixel 100se,
the column bank 522Y provided in the column direction and
the row bank 122X provided in the row direction are
orthogonal to each other, and the self-luminescence region
100a is located between the row bank 122X and the row
bank 122X in the column direction.

4. Configuration of Each Part of Display Panel 10

[0072] A configuration of the organic EL element 100 in
the display panel 10 will be described referring to FIGS. 4
and 5.

[0073] In the display panel 10 according to the present
embodiment, a substrate 100x (TFT substrate) formed with
thin film transistors is configured on the lower side in the
Z-axis direction, and an organic EL element sections are
configured thereon.

4.1 Substrate 100x (TFT Substrate)

[0074] The substrate 100x is a support member of the
display panel 10. The substrate 100 includes a base material
(not shown), a TFT layer (not shown) formed on the base
material, and an interlayer insulating layer (not shown)
formed on the base material and on the TFT layer.

[0075] The base material is a support member for the
display panel 10, and is flat plate-like in shape. Materials
having electrical insulation property such as a glass material,
a resin material, a semiconductor material, a metallic mate-
rial coated with an insulating layer, and the like can be used
as the base material.

[0076] The TFT layer includes a plurality of TFTs and
wirings formed on the upper side of the base material. The
TFT is for electrically connecting the pixel electrode layer
119 corresponding to itself and an external power supply in
response to a driving signal supplied from an external circuit
for the display panel 10, and is of a multilayer structure
which includes electrodes, a semiconductor layer or layers,
an insulating layer or layers, and the like. Wirings electri-
cally interconnect the TFTs, the pixel electrode layers 119,
the external power supply, the external circuit, and the like.

[0077] The interlayer insulating layer located on the upper
side of the substrate 100x is for flattening (planarizing) at
least the sub-pixels 100se on the upper side of the substrate
100x which has projections and recesses due to the TFT
layer. In addition, the interlayer insulating layer fills up the
spacings between the wirings and the TFTs, for electrical
insulation between the wirings and the TFTs.
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4.2 Organic EL Element Section

(1) Pixel Electrode Layer 119

[0078] On the interlayer insulating layer located on the
upper side of the substrate 100x, the pixel electrode layers
119 are provided on a sub-pixel 100se basis. The pixel
electrode layer 119 is for supplying carriers to the light-
emitting layer 123; for example, where the pixel electrode
layer 119 functions as an anode, it supplies holes to the
light-emitting layer 123. In addition, since the display panel
10 is of the top emission type, the pixel electrode layers 119
have a light reflecting property and are rectangular flat
plate-like in shape. The pixel electrode layers 119 are
arranged on the substrate 100x at intervals OX in the row
direction and at intervals OY in the column direction in each
of the gaps 522z. In addition, the connection recess 119¢ of
the pixel electrode layer 119, which is formed by recessing
a part of the pixel electrode layer 119 in the direction of the
substrate 100x, and the source S1 of the TFT are connected
to each other through the contact hole opened on the upper
side of the substrate 100.x.

(2) Hole Injection Layer 120

[0079] A hole injection layer 120 is stacked on the pixel
electrode layer 119. The hole injection layer 120 has a
function to transport holes injected from the pixel electrode
layer 119 to a hole transport layer 121.

[0080] The hole injection layer 120 includes a lower layer
120A made of a metallic oxide formed on the pixel electrode
layer 119, and an upper layer 120B made of an organic
material stacked at least on the lower layer 120A, in this
order from the substrate 100x side. In the present embodi-
ment, a configuration is adopted wherein, in the gaps 522z
described later, the upper layer 120B is provided in a line
form extending in the column direction. However, a con-
figuration may also be adopted wherein the upper layer
120B is formed only on the lower layer 120A formed on the
pixel electrode layer 119, and is provided intermittently in
the column direction in the gaps 522z.

[0081] The lower layer 120A is configured as a tungsten
oxide layer including tungsten oxide (in composition for-
mula WOX, X is a real number in the range of approximately
2<x<3) and having a film thickness of not less than 2 nm
(here, 10 nm, for example). The lower layer 120A is desir-
ably composed of tungsten oxide, but may include impuri-
ties in trace amounts on the order of usual mixing-in of
impurities. The film thickness is preferably not less than 2
nm since when the film thickness is not less than 2 nm, it is
easy to form a film uniformly and to form a Schottky ohmic
connection between the hole injection layer 120 and an
anode 2 described below. The Schottky ohmic connection is
formed stably when the film thickness of tungsten oxide is
not less than 2 nm. When the hole injection layer 120 is
formed in a film thickness of not less than 2 nm, therefore,
it can be expected to obtain a stable hole injection efficiency
from the pixel electrode layer 119 to the hole injection layer
120 by utilizing the Schottky ohmic connection. The
“Schottky ohmic connection” refers to a connection wherein
the difference between the Fermi level of the pixel electrode
layer 119 and the lowest binding energy of the occupied
levels in the vicinity of the Fermi surface of the above-
mentioned hole injection layer 120 is within a predetermined
value.
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[0082] The film density of the lower layer 120A is set to
be within the range of 5.8 to 6.0 g/cm3. Since the film is
formed under specific film forming conditions, an oxygen
defect structure with oxygen atoms partially bound to tung-
sten atoms is present in the film, and, in an electron state, an
occupied level is present within a binding energy region
which is lower by 1.8 to 3.6 eV than the upper end of the
valence band, namely, the lowest binding energy of the
valence band. This occupied level is the highest occupied
level in the hole injection layer 120, and the binding energy
range thereof is the closest to the Fermi level (Fermi surface)
of the hole injection layer 120.

[0083] Besides, as shown in FIG. 5, where the lower layers
120A provided in the blue sub-pixel 100seB, the green
sub-pixel 100seG and the red sub-pixel 100seR are referred
to respectively as a lower layer 120AB, a lower layer 120AG
and a lower layer 120AR, then the film thicknesses t1B, t1G
and t1R of the lower layer 120AB, the lower layer 120AG
and the lower layer 120AR are equivalent, and the film
thicknesses are preferably 5 to 20 nm.

[0084] The upper layer 120B is stacked on a row bank
122X and the lower layer 120A of the hole injection layer
120 in the gap 522z, and the upper layer 120B is in contact
with the lower layer 120A. The hole transport layer 121 has
a function of transporting the holes injected from the lower
layer 120A to the light-emitting layer 123. As the upper layer
120B, there can be used, for example, a coating film formed
from an organic polymer solution containing a conductive
polymer material such as PEDOT (a mixture of polythio-
phene and polystyrenesulfonic acid).

[0085] In the present embodiment, a configuration is
adopted wherein, in the gaps 522z described later, the upper
layer 120B is provided in a line form extending in the
column direction, like the lower layer 120A. However, a
configuration may also be adopted wherein the upper layer
120B is intermittently provided in the column direction in
the gaps 522.

[0086] In addition, as shown in FIG. 5, where the upper
layers 120B provided in the blue sub-pixel 100seB, the
green sub-pixel 100seG and the red sub-pixel 100seR are
referred to respectively as an upper layer 120BB, an upper
layer 120BG and an upper layer 120BR, then the thickness
2R of the upper layer 120BR is greater than the thickness
2B of the upper layer 120BB and the thickness 12G of the
upper layer 120BG. It is preferable that the thickness t2B of
the upper layer 120BB is more than 0 nm and not more than
25 nm, the thickness t2G of the upper layer 120BG is more
than 0 nm and not more than 30 nm, and the thickness t2R
of the upper layer 120BR is 20 to 50 nm.

(3) Bank 122

[0087] A bank 122 made of an insulating material is
formed in such a manner as to cover end edges of the pixel
electrode layers 119, the hole injection layers 120 and the
hole transport layers 121. The bank 122 includes a plurality
of column banks 522Y extending in the column direction
and juxtaposed in the row direction, and a plurality of row
banks 122X extending in the row direction and juxtaposed
in the column direction. As shown in FIG. 3, the column
banks 522Y are provided along the column direction
orthogonal to the row banks 122X, the column banks 522Y
and the row banks 122X forming a grid pattern (hereinafter
referred to as “banks 122” when the row banks 122X and the
column banks 522Y are not discriminated from each other).
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[0088] The row bank 122X is in a line form extending in
the row direction, and its section cut in parallel to the column
direction is a normally tapered trapezoid shape tapered on
the upper side. The row bank 122X is provided in the state
of extending along the row direction orthogonal to the
column direction such as to penetrate the column banks
522Y, and has an upper surface 122Xb at a position lower
than an upper surface 522Yb of the column bank 522Y.
Therefore, the row banks 122X and the column banks 522Y
define openings corresponding to the self-luminescence
regions 100aq.

[0089] The row banks 122X are for controlling the flow in
the column direction of an ink containing an organic com-
pound as a material for the light-emitting layer 123. There-
fore, the row banks 122X should have affinity for the ink at
a level of not less than a predetermined value. By this
configuration, the flow property in the column direction of
the ink containing an organic compound as the material for
the light-emitting layer 123 is enhanced, and variations in
the ink application amount among the sub-pixels 100se are
restrained. The row banks 122X prevent the pixel electrode
layers 119 from being exposed, and, in the regions where the
row banks 122X are present, light emission does not occur,
so that these regions do not contribute to luminance.
[0090] Specifically, the row banks 122X are present over
the column-directionally outer edges 11941 and 11942 of the
pixel electrode layers 119, and are formed in the state of
overlapping with parts 1195 of the pixel electrode layers
119. The column-directional length of the non-self-lumines-
cence regions 1005 where the row banks 122X are formed
is set to be greater by a predetermined length than the
distance OY between the column-directionally outer edges
11941 and 11942 of the pixel electrode layer 119. By this
configuration, the row banks 122X cover the column-direc-
tionally outer edges 11941 and 11942 of the pixel electrode
layers 119, thereby preventing electrical leakage between
the pixel electrode layers 119 and a counter electrode layer
125, and define outer edges of the self-luminescence regions
100a of the sub-pixels 100se in the column direction.
[0091] The column banks 522Y define row-directionally
outer edges of the light-emitting layers 123 formed by
damming up the flow in the column direction of the ink
containing an organic compound as the material for the
light-emitting layers 123. The column bank 522Y is in a line
form extending in the column direction, and its section cut
in parallel to the row direction is a trapezoid reduced in
width on the upper side.

[0092] The column banks 522Y are present over the
row-directionally outer edges 11943 and 11944 of the pixel
electrode layers 119, and are formed in the state of over-
lapping with parts of the pixel electrode layers 119. The
row-directional width of the regions where the column
banks 522Y are formed is set to be greater by a predeter-
mined width than the distance OX between the row-direc-
tionally outer edges 11943 and 11944 of the pixel electrode
layer 119. By this configuration, the column banks 522Y
cover the row-directionally outer edges 11943 and 11944 of
the pixel electrode layers 119, thereby preventing electrical
leakage between the pixel electrode layers 119 and the
counter electrode layer 125, and define outer edges of the
self-luminescence regions 100a of the sub-pixels 100se in
the row direction. As has been mentioned above, the column
banks 522Y define the outer edges of self-luminescence
regions of the pixels in the row direction. Therefore, the
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column banks 522Y should have repellency to the ink at a
level of not less than a predetermined value.

(4) Hole Transport Layer 121

[0093] The hole transport layer 121 is stacked on the row
bank 122X and the hole injection layer 120 in the gap 522z,
and the hole transport layer 121 is in contact with the upper
layer 120B of the hole injection layer 120. The hole transport
layer 121 has a function of transporting the holes injected
from the hole injection layer 120 to the light-emitting layer
123. The hole transport layer 121 is made, for example, of
a high-molecular compound such as a polyfluorene or a
derivative thereof or a polyallylamine, which is an amine
organic polymer, or a derivative thereof.

[0094] In the present embodiment, a configuration is
adopted wherein, in the gaps 522z described later, the hole
transport layer 121 is provided in a line form extending in
the column direction, like the upper layer 120B. However, a
configuration may also be adopted wherein the hole trans-
port layer 121 is intermittently provided in the column
direction in the gaps 522z.

[0095] In addition, as shown in FIG. 5, where the hole
transport layers 121 provided in the blue sub-pixel 100seB,
the green sub-pixel 100s5eG and the red sub-pixel 100seR are
referred to respectively as a hole transport layer 121B, a hole
transport layer 121G and a hole transport layer 121R, then
the film thicknesses t3B, t3G and t3R of these hole transport
layers are equivalent, and the film thicknesses t3B, t3G and
t3R are preferably 5 to 20 nm.

(5) Light-Emitting Layer 123

[0096] The light-emitting layer 123 is a layer made of an
organic compound, and has a function of emitting light
through recombination of holes and electrons in the inside
thereof. In the gaps 522z, the light-emitting layers 123 are
provided in a line form such as to extend in the column
direction. The display panel 10 has a configuration wherein
multiplicities of column banks 522Y and gaps 522z are
alternately arranged. In the gaps 522z defined by the column
banks 522Y, the light-emitting layers 123 are formed to
extend in the column direction. In the red gap 522zR
corresponding to the self-luminescence region 1004R in the
red sub-pixel 100seR, the green gap 522zG corresponding to
the self-luminescence region 100aG in the green sub-pixel
100seG, and the blue gap 522zB corresponding to the
self-luminescence region 100a¢B in the blue sub-pixel
100seB, there are formed the light-emitting layers 123
which emit light in the respective colors. Where the light-
emitting layers 123 provided in the blue gap 522zB, the
green gap 522zG and the red gap 522zR are referred to
respectively as the light-emitting layer 123B, the light-
emitting layer 123G and the light-emitting layer 123R, then
the film thicknesses of these light-emitting layers 123B,
123G and 123R are equivalent.

[0097] The light-emitting layers 123 emit light only at the
parts where the carriers are supplied from the pixel electrode
layers 119. In the ranges in which the row bank 122X made
of an insulating material is present between the layers,
therefore, the electroluminescence phenomenon of an
organic compound does not occur. Accordingly, the light-
emitting layers 123 emit light only at the parts where the row
bank 122X is absent, and these parts serve as the self-
luminescence regions 100a; besides, the column-direction-
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ally outer edges of the self-luminescence regions 100a are
defined by the column-directionally outer edges of the row
banks 122X.

[0098] Of the light-emitting layers 123, the parts 1195
located over side surfaces and upper surfaces 122Xb of the
row banks 122X do not emit light, and these parts serve as
the non-self-luminescence regions 1005. The light-emitting
layers 123 are located on the upper side of the hole transport
layers 121 in the self-luminescence regions 100a, and are
located on the upper side of the hole transport layers 121 on
the upper surface 122Xb and side surfaces of the row banks
122X in the non-self-luminescence regions 1004.

[0099] Note that as shown in FIG. 4, the light-emitting
layers 123 extend continuously, not only in the self-lumi-
nescence regions 1004 but also in the non-self-luminescence
regions 1005 adjacent to the self-luminescence regions
100a. Such a configuration ensures that when forming the
light-emitting layer 123, the ink applied to the self-lumines-
cence regions 100a can flow in the column direction through
the ink applied to the non-self-luminescence regions 1005,
so that the film thickness can be leveled among the pixels in
the column direction. It is to be noted, however, that in the
non-self-luminescence regions 1005, the flow of the ink is
moderately restrained by the row banks 122X. Therefore,
considerable unevenness in film thickness is not liable to
occur in the column direction, and unevenness in luminance
among pixels is improved.

(6) Electron Transport Layer 124

[0100] Inthe gaps 522z defined by the column banks 522Y
inclusive of the areas on the row banks 122X, electron
transport layers 124 are formed over the light-emitting
layers 123. Besides, in this example, the electron transport
layers 124 are arranged also on the upper surfaces 522Yb of
the column banks 522Y exposed from the light-emitting
layers 123. The electron transport layer 124 has a function
of transporting the electrons injected from the counter
electrode layer 125 to the light-emitting layer 123.

(7) Counter Electrode Layer 125

[0101] The counter electrode layer 125 is stackedly
formed in such a manner as to cover the electron transport
layers 124. The counter electrode layer 125 is formed in the
state of being continuous over the whole part of the display
panel 10. The counter electrode layer 125 sandwiches the
light-emitting layer 123 between itself and the pixel elec-
trode layer 119 to form a current passing path, thereby
supplying the carriers to the light-emitting layer 123; for
example, where the counter electrode layer 125 functions as
a cathode, it supplies electrons to the light-emitting layer
123. The counter electrode layer 125 is formed along the
surfaces of the electron transport layers 124, to serve as a
common electrode for the light-emitting layers 123.

[0102] Since the display panel 10 is of the top emission
type, a conductive material having a light-transmitting prop-
erty is used for the counter electrode layer 125.

(8) Sealing Layer 126

[0103] A sealing layer 126 is stackedly formed in such a
manner as to cover the counter electrode layer 125. The
sealing layer 126 is for inhibiting the light-emitting layer
123 from being deteriorated due to contact with moisture or
air or the like. The sealing layer 126 is provided over the
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whole area of the display panel 10 in such a manner as to
cover the upper surface of the counter electrode layer 125.

(9) Bonding Layer 127

[0104] On the upper side in the Z-axis direction of the
sealing layer 126, there is disposed a CF substrate 131
having a color filter layer 128 on a main surface on the lower
side in the Z-axis direction of an upper substrate 130. The
CF substrate 131 is bonded to the sealing layer 126 by a
bonding layer 127. The bonding layer 127 has a function of
laminating a back panel, which is made of the layers ranging
from the substrate 100x to the sealing layer 126, and the CF
substrate 131 to each other, and preventing the layers from
being exposed to moisture or air.

(10) Upper Substrate 130

[0105] The CF substrate 131 having the color filter layer
128 formed on the upper substrate 130 is placed on and
bonded to the bonding layer 127. Since the display panel 10
is of the top emission type, a light-transmitting material such
as a cover glass and a transparent resin film is used for the
upper substrate 130. In addition, by the upper substrate 130,
it is possible to enhance the rigidity of the display panel 10
and to prevent penetration of moisture or air or the like into
the display panel 10.

(11) Color Filter Layer 128

[0106] The upper substrate 130 is formed with the color
filter layers 128 at positions corresponding to the self-
luminescence regions 100a of the pixels for the respective
colors. The color filter layers 128 are transparent layers
provided for permitting visible lights of wavelengths corre-
sponding to R, G and B to be transmitted therethrough, and
have a function of permitting transmission therethrough of
lights emitted from the pixels for the respective colors and
correcting the chromaticity of the lights. For instance, in this
example, red, green and blue filter layers 128R, 128G and
128B are formed respectively over the self-luminescence
regions 1004R in the red gaps 522zR, the self-luminescence
regions 100aG in the green gaps 522zG, and the self-
luminescence regions 1004B in the blue gaps 522zB. Spe-
cifically, the color filter layers 128 are formed by a process
in which inks each containing a color filter material and a
solvent are applied to the upper substrate 130 composed of
a color filter forming cover glass in which a plurality of
openings are formed in a matrix pattern on a pixel basis.

4.3 Constituent Material for Each Part

[0107] An example of the constituent material for each of
the parts shown in FIGS. 4 and 5 will be shown below.

(1) Substrate 100x (TFT Substrate)

[0108] As a lower substrate, there can be adopted, for
example, a glass substrate, a quartz substrate, a silicon
substrate, a molybdenum sulfide substrate, a metallic sub-
strate such as substrates of copper, zinc, aluminum, stainless
steel, magnesium, iron, nickel, gold and silver, a semicon-
ductor substrate such as gallium arsenic substrate, plastic
substrates, and the like. In addition, as flexible plastic
material, there can be used either of thermoplastic resins and
thermosetting resins. As the material, there can be used
electrically insulating materials, for example, resin materi-
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als. Specific examples of the resins include polyethylene,
polypropylene, ethylene-propylene copolymers, cyclic poly-
olefins, modified polyolefins, polystyrene, polyimides (P1),
polyamide imides, polycarbonates, poly-(4-methylpentene-
1), ionomers, acrylic resins, polymethyl methacrylate, acryl-
styrene copolymers (AS resins), butadiene-styrene copoly-
mers, ethylene vinyl alcohol copolymer (EVOH),
polyethylene terephthalate (PET), polybutylene terephtha-
late, polyethylene naphthalate (PEN), polycyclohexane
terephthalate (PCT) and the like polyester, polyethers,
polyether-ketones, polyether sulfones (PES), polyether imi-
des, polyacetal, polyphenylene oxide, modified polyphe-
nylene oxide, polyarylate, aromatic polyesters (liquid crystal
polymers), epoxy resins, phenolic resins, urea resins,
melamine resins, unsaturated polyesters, silicone resins,
polyurethane, etc. and copolymers, blends, polymer alloys
containing these resins as main constituent, which may be
used either singly or as laminate of two or more of them. For
a gate electrode, a gate insulating layer, a channel layer, a
channel protecting layer, a source electrode, a drain elec-
trode and the like constituting the TFTs, there can be used
known materials. As the gate electrode, for example, a
laminate of copper (Cu) and molybdenum (Mo) is adopted.
For the gate insulating layer, known organic materials and
inorganic materials can both be used so long as they are
electrically insulating materials, such as silicon oxide (Si02)
and silicon nitride (SiNx). For the channel layer, there can be
used oxide semiconductors containing at least one selected
from indium (In), gallium (Ga) and zinc (Zn). For the
channel protecting layer, there can be used, for example,
silicon oxynitride (SiON), silicon nitride (SiN), or aluminum
oxide (AlOx). As the source electrode and the drain elec-
trode, there can adopted, for example, laminates of copper-
manganese (CuMn) and copper (Cu) and molybdenum
(Mo).

[0109] For the insulating layer at an upper part of the
TFTs, there can also be used, for example, silicon oxide
(8102), silicon nitride (SiN), silicon oxynitride (SiON), and
silicon oxide (SiO). As a connection electrode layer of the
TFTs, there can be adopted, for example, laminates of
molybdenum (Mo), copper (Cu) and copper-manganese
(CuMn). Note that the material to be used to constitute the
connection electrode layer is not limited to the just-men-
tioned, and can be appropriately selected from conductive
materials.

[0110] An interlayer insulating layer located on the upper
side of the substrate 100x is formed by use of an organic
compound such as polyimide resins, acrylic resins, siloxane
resins, and novolak type phenolic resins, and its thickness
may be, for example, in the range of 2.0 to 8.0 um.

(2) Pixel Electrode Layer 119

[0111] The pixel electrode layer 119 is formed of a metal-
lic material. In the case of the display panel 10 according to
the present embodiment which is of the top emission type,
the chromaticity of the lights to be emitted is controlled and
the luminance is enhanced by setting an appropriate thick-
ness and adopting an optical resonator structure, and, there-
fore, a surface part of the pixel electrode layer 119 should
have a highly reflective property. In the display panel 10
according to the present embodiment, the pixel electrode
layer 119 may have a structure wherein a plurality of films
selected from metallic films, alloy films and transparent
conductive films are laminated. The metallic layer can be
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formed, for example, from a metallic material containing
silver (Ag) or aluminum (Al). For the alloy layer, there can
be used, for example, APC (an alloy of silver, palladium and
copper), ARA (an alloy of silver, rubidium and gold), MoCr
(an alloy of molybdenum and chromium), NiCr (an alloy of
nickel and chromium), and the like. As the constituent
material for the transparent conductive layer, there can be
used, for example, indium tin oxide (ITO), indium zinc
oxide (IZO) and the like.

(3) Hole Injection Layer 120

[0112] The lower layer 120A of the hole injection layer
120 is a layer formed of an oxide of, for example, silver
(Ag), molybdenum (Mo), chromium (Cr), vanadium (V),
tungsten (W), nickel (Ni), iridium (Ir) or the like. In the case
where the lower layer 120A is composed of an oxide of a
transition metal, it can take a plurality of levels by taking a
plurality of oxidation numbers, and, as a result, hole injec-
tion is facilitated and the driving voltage can be reduced. In
the present embodiment, the lower layer 120A is configured
to contain an oxide of tungsten (W). In this case, the driving
voltage of the organic EL element is lower as the ratio
(W54/W6+) of pentavalent tungsten atoms to hexavalent
tungsten atoms in the oxide of tungsten (W) is greater;
therefore, it is preferable that the content of the pentavalent
tungsten atoms is not less than a predetermined value.

[0113] As the upper layer 1206 of the hole injection layer
120, there can be used a coating film formed from an organic
polymer solution of a conductive polymer material of, for
example, PEDOT, as above-described.

(4) Bank 122

[0114] The bank 122 is formed by use of an organic
material such as resin, and has an insulating property.
Examples of the organic material to be used for forming the
bank 122 include acrylic resins, polyimide resins, and
novolak type phenolic resins. It is preferable that the bank
122 is resistant to organic solvents. More preferably, it is
desirable to use an acrylic resin for the bank 122 since
acrylic resins are low in refractive index and preferable for
use as reflector.

[0115] Alternatively, in the case of using an inorganic
material for the bank 122, it is preferable to use, for example,
silicon oxide (SiO), from the viewpoint of refractive index.
Alternatively, the bank 122 may be formed by use of such
an inorganic material as, for example, silicon nitride (SiN)
or silicon oxynitride (SiON).

[0116] Furthermore, since the bank 122 may be subjected
to an etching treatment, a baking treatment or the like in the
manufacturing process, it is preferable that the bank 122 is
formed of a highly resistant material such as not to be
deformed or denatured excessively when subjected to such
treatments.

[0117] In addition, the surface of the bank 122 may be
subjected to a fluorine treatment for rendering the surface
water-repellent. Besides, a fluorine-containing material may
be used to form the bank 122. Further, for lowering the water
repellency of the surface of the bank 122, the bank 122 may
be irradiated with ultraviolet (UV) rays or baked at a low
temperature.
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(5) Hole Transport Layer 121

[0118] For the hole transport layer 121, there can be used,
for example, high-molecular compounds such as polyfluo-
rene and derivatives thereof, polyallylamines (which are
amine organic polymers) and derivatives thereof, TFB (poly
(9,9-di-n-octylfluorene-alt-(1,4-phenylene-((4-sec-butyl-
phenyl)imino)-1,4-phenylene)), and the like.

(6) Light-Emitting Layer 123

[0119] As has been described above, the light-emitting
layer 123 has a function of emitting light by generation of an
excited state through recombination of the holes and elec-
trons injected thereinto. As the material for forming the
light-emitting layer 123, a light-emitting organic material
which can be formed into a film by use of a wet printing
method should be used.

[0120] Specifically, the light-emitting layer 123 is prefer-
ably formed from a fluorescent material such as oxinoid
compounds, perylene compounds, coumarin compounds,
azacoumarin compounds, oxazole compounds, oxadiazole
compounds, perynone compounds, pyrrolopyrrole com-
pounds, naphthalene compounds, anthracene compounds,
fluorene compounds, fluoranthene compounds, tetracene
compounds, pyrene compounds, coronene compounds, qui-
nolone compounds and azaquinolone compounds, pyrazo-
line derivatives and pyrazolone derivatives, rhodamine com-
pounds, chrysene compounds, phenanthrene compounds,
cyclopentadiene compounds, stilbene compounds, diphe-
nylquinone compounds, styryl compounds, butadiene com-
pounds, dicyanomethylenepyran compounds, dicyanometh-
ylenethiopyran compounds, fluorescein compounds,
pyrylium compounds, thiapyrylium compounds, selenapy-
rylium compounds, telluropyrylium compounds, aromatic
aldadiene compounds, oligophenylene compounds, thioxan-
thene compounds, cyanine compounds, acridine com-
pounds, metal complexes of 8-hydroxyquinoline com-
pounds, metal complexes of 2-bipyridine compounds,
complexes of Schiff base and Group III metal, oxine metal
complexes, and rare earth complexes, which are described in
patent publication (Japanese Patent [aid-open No. 1993-
163488).

(7) Electron Transport Layer 124

[0121] The electron transport layer 124 is formed by use
of any of, for example, oxadiazole derivatives (OXD),
triazole derivatives (TAZ), phenanthroline derivatives (BCP,
Bphen), and the like.

(8) Counter Electrode Layer 125

[0122] For the counter electrode layer 125, a conductive
material having a light-transmitting property is used. For
example, indium tin oxide (ITO), indium zinc oxide (IZO)
or the like is used to form the counter electrode layer 125.
In addition, an electrode obtained by forming a thin film of
silver (Ag), aluminum (Al) or the like may be used.

(9) Sealing Layer 126

[0123] The sealing layer 126 has a function of inhibiting
the organic layers such as the light-emitting layers 123 from
being exposed to moisture or being exposed to air, and is
formed by use of a light-transmitting material such as silicon
nitride (SiN) or silicon oxynitride (SiON), for example. In
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addition, a sealing resin layer formed of a resin such as
acrylic resins and silicone resins may be provided on a layer
formed by use of silicon nitride (SiN), silicon oxynitride
(SiON) or the like.

[0124] In the case of the display panel 10 according to the
present embodiment which is of the top emission type, the
sealing layer 126 should be formed from a light-transmitting
material.

(10) Bonding Layer 127

[0125] The material for the bonding layer 127 is, for
example, a resin adhesive or the like. For the bonding layer
127, there can be adopted light-transmitting resin material
such as acrylic resins, silicone resins and epoxy resins.

(11) Upper Substrate 130

[0126] As the upper substrate 130, there can be used, for
example, substrates of a light-transmitting material such as
glass substrates, quartz substrates, and plastic substrates.

(12) Color Filter Layer 128

[0127] For the color filter layers 128, there can be adopted
known resin materials (for example, such commercially
available materials as Color Resists produced by JSR Cor-
poration).

5. Method of Manufacturing Display Panel 10

(1) Formation of Pixel Electrode Layer 119

[0128] As shown in FIG. 6A, a TFT substrate 100x
wherein layers ranging to the interlayer insulating layer have
been formed is prepared. Contact holes are opened in the
interlayer insulating layer, and pixel electrode layers 119 are
formed.

[0129] The formation of the pixel electrode layers 119 is
carried out by forming a metallic film by sputtering or
vacuum deposition, followed by patterning by photolithog-
raphy and etching. Note that the pixel electrode layers 119
are in the state of electrical contact with electrodes of the
TFTs.

(2) Formation of Lower Layer 120A of Hole Injection Layer
120

[0130] As depicted in FIG. 6B, lower layers 120A of hole
injection layers 120 are formed on the pixel electrode layers
119, and banks 122 are formed in such a manner as to cover
edge portions of the lower layers 120A.

[0131] The lower layers 120A are formed by forming films
of a metal (for example, tungsten) by sputtering or vapor
phase growth such as vacuum deposition, and thereafter
performing baking to cause oxidation of the metallic layer,
followed by patterning on a pixel basis by photolithography
and etching. By film formation and baking under predeter-
mined conditions, the lower layers 120A made of tungsten
oxide films containing tungsten oxide having an oxygen
defect structure are formed, to form the above-mentioned
occupied levels.

[0132] Here, reactive sputtering is preferably used to form
the films. Generation of unevenness in film formation is
restrained. Specifically, reactive sputtering is conducted
with metallic tungsten as a target. Argon gas as a sputter gas
and oxygen gas as a reactive gas are introduced into a
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chamber. In this state, argon is ionized by a high voltage, and
argon ions are made to collide against the target. In this case,
metallic tungsten released by the sputtering phenomenon is
reacted with oxygen gas to become tungsten oxide, and a
tungsten oxide film is formed on the pixel electrode layers
119.

[0133] Note that the film forming conditions in this
instance are set to so-called low-rate conditions. The film
forming rate can be controlled by both the density of power
inputted to the film forming apparatus and the gas flow rate
(partial pressure) ratio. In the formation of a film of tungsten
oxide, an increase in the flow rate (partial pressure) of
oxygen in the gas lowers the film forming rate. With the film
formation conducted at a low rate, a porous film quality
close to that of an evaporated film is obtained. Then, at least
in a surface layer of tungsten oxide, the oxygen defect
structure wherein oxygen atoms are partially bound to
tungsten atoms can be formed, and favorable presence of
occupied levels within a binding energy region of lower by
1.8 to 3.6 eV than the lowest binding energy in the valence
band can be realized. By this, favorable hole injection
characteristics can be secured.

[0134] Furthermore, the tungsten oxide film thus formed
may be subjected to a baking step. By this, film density is
enhanced, and dissolution resistance is imparted to the film.
Specifically, the lower layer 120A is baked and tightened by
a baking step under predetermined conditions (an atmo-
spheric baking step performed at a heating temperature of
200° C. to 230° C. for a heating time of 15 to 45 minutes)
after the formation of the tungsten film. Too high a heating
temperature causes a problem in that in the case where an
interlayer insulating film (flattening or planarizing film) or
the like is provided on the surface of the substrate 100x, the
interlayer insulating film or the like may be denatured;
therefore, care should be taken. By this treatment, the film
density is increased to within the range of 5.8 to 6.0 g/cm3.
With the film density thus increased, the dissolution resis-
tance with respect to the etching liquid or cleaning liquid
used in the bank formation step at the time of manufacturing
is imparted to the film, whereby depletion of the film
through dissolution is restrained. When the baking is based
on the above-mentioned baking conditions, the oxygen
defect structure in the film is maintained even upon the
baking step, and, therefore, the occupied levels are retained,
and hole injection characteristics are prevented from being
lowered. In this way, favorable hole injection characteristics
and dissolution resistance are both realized in a high extent.

(3) Formation of Bank 122

[0135] As shown in FIG. 6B, the banks 122 are formed in
such a manner as to cover edge portions of the lower layers
120A. In the formation of the banks 122, the row banks
122X are first formed, and thereafter the column banks 522Y
are formed to form the gaps 5227 defining the pixels, such
that the surface of the lower layer 120A of the hole injection
layer 120 is exposed between the row bank 122X and the
row bank 122X in the gap 5227.

[0136] In forming the banks 122, first, a film of a con-
stituent material (for example, a photosensitive resin mate-
rial) for the banks 122 is stackedly formed on the lower
layers 120A by spin coating or the like. Then, the resin film
is patterned to sequentially form the row banks 122X and the
column banks 522Y. The patterning of the row banks 122X
and the column banks 522Y is carried out by performing
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exposure using photomasks over the resin film, and then
performing a developing step and a baking step (at approxi-
mately 230° C. for approximately 60 minutes).

[0137] Specifically, in the step of forming the row banks
122X, first, a photosensitive resin film of an organic pho-
tosensitive resin material such as, for example, acrylic resin,
polyimide resin or novolak type phenolic resin is formed,
and then drying is conducted to volatilize the solvent to a
certain extent, after which a photomask provided with
predetermined openings is laid thereover, and irradiation
with UV rays from above the photomask is conducted to
expose the photoresist made of the photosensitive resin or
the like, thereby transferring the pattern possessed by the
photomask to the photoresist. Next, the photosensitive resin
is developed to form an insulating layer in which the row
banks 122X are patterned. In general, a photoresist of the
so-called positive type is used. Of the positive type photo-
resist, those parts which are exposed to light are removed by
development. Those parts which are not exposed and which
correspond to the mask pattern are not removed by devel-
opment but remain as the row banks 122X in a thickness of
approximately 500 nm.

[0138] In forming the column banks 522Y, first, a film of
a constituent material (for example, a photosensitive resin
material) for the column banks 522Y is stackedly formed by
spin coating or the like. Then, the resin film is patterned to
open the gaps 522z, thereby forming the column banks
522Y. The formation of the gaps 522z is carried out by
performing exposure through a mask set over the resin film,
followed by development. The column banks 522Y extend
in the column direction and are juxtaposed through the gaps
522z in the row direction.

[0139] In addition, since the column banks 522Y are for
damming up the flow in the column direction of the inks
containing an organic compound as a material for the
light-emitting layers 123 to thereby define the row-direc-
tionally outer edges of the light-emitting layers 123 to be
formed, the column banks 522Y should have an ink repel-
lency of not less than a predetermined value. On the other
hand, since the row banks 122X are for controlling the flow
in the column direction of the inks as a material for the
light-emitting layers 123, the row banks 122X should have
an affinity for the inks of not less than a predetermined value.

[0140] Besides, for imparting water repellency to the
surfaces of the column banks 522Y, the surfaces of the
column banks 522Y may be subjected to a carbon tetrafluo-
ride (CF4) plasma treatment. In addition, a fluorine-contain-
ing material or a composition in which a fluorine-containing
material is mixed may be used for forming the column banks
522Y.

[0141] On a manufacture basis, an upper limit for film
thickness of the row banks 122X is not more than 1,000 nm,
whereby variability of film thickness upon manufacture is
reduced, and control of bottom line width is made possible.
In addition, as the film thickness is reduced, the bottom line
width should be set to be comparable to the film thickness.
Accordingly, a lower limit for film thickness is not less than
200 nm, whereby it is made possible to obtain a desired
bottom line width based on limitation as to resolution. From
the viewpoint of manufacturing process, therefore, the thick-
ness of the row banks 122X is preferably, for example, 200
to 1,000 nm. In the present embodiment, the thickness was
approximately 500 nm.
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[0142] On a manufacture basis, an upper limit for film
thickness of the column banks 522Y is desirably not more
than 1,500 nm, from the viewpoint of enhancement of
productivity by a reduction in cost. Besides, as the film
thickness is reduced, the bottom line width should be set to
be comparable to the film thickness. Accordingly, a lower
limit for film thickness is not less than 1 pm, whereby it is
made possible to obtain a desired bottom line width based on
limitation as to resolution. In addition, in the case of a
process involving application of a solution, the ruggedness
of the substrate enhances uniformity of film thickness. In
view of this, steps of the TFTs should be reduced as much
as possible, and this necessity determines the lower limit for
film thickness; accordingly, the lower limit for film thickness
is preferably not less than 500 nm. Consequently, from the
viewpoint of manufacturing process, the thickness of the
column banks 522Y is preferably, for example, 500 to 1,500
nm. In the present embodiment, the thickness of the column
banks 522Y was approximately 1,000 nm.

(4) Formation of Upper Layer 120B of Hole Injection Layer
120

[0143] Upper layers 120B of the hole injection layers 120
are formed on the lower layers 120A of the hole injection
layers 120 formed in the gaps 522z defined by the column
banks 522Y inclusive of the areas over the row banks 122X
(FIG. 6C). The upper layers 120B are formed by applying
inks containing a conductive polymer material such as
PEDOT to the inside of the gaps 522z defined by the column
banks 522Y by an ink jet method, followed by volatilizing
off the solvent. Alternatively, the upper layers 120B are
formed by baking. Thereafter, the upper layers 120B may be
patterned on a pixel basis by photolithography and etching.

<Ink Applying Method>

[0144] Now, a method of performing the step of forming
the upper layers 120B on a mass production basis by an ink
jet method will be described below. FIGS. 7A and 7B
illustrate a step of applying an ink for forming a light-
emitting layer to a substrate, wherein FIG. 7A illustrates a
case of uniformly applying the ink to the gaps 522z between
the column banks 522Y, and FIG. 7B illustrates a case of
applying the ink to those regions in the gaps 522z exclusive
of the regions over the row banks 122X.

[0145] At the time of forming the upper layers 120B, by
using inks which are solutions for forming the upper layers
120B, upper layers are formed in regions between a plurality
of line banks; specifically, the upper layers 120BR are
formed in the gaps 522zR for the red sub-pixels 100seR, the
upper layers 120BG are formed in the gaps 522zG for the
green sub-pixels 100seG, and the upper layers 120BB are
formed in the gaps 522zB for the blue sub-pixels 100seB.
The upper layers 120BR are different in thickness from the
upper layers 120BG or the upper layers 120BB. Specifically,
the amount of the ink applied to the inside of the gaps 522zR
is set larger than the amounts of the inks applied to the inside
of the gaps 522zB and the gaps 522zG, whereby the thick-
ness of the upper layers 120BR can be set larger than the
thicknesses of the upper layers 120BB and the upper layers
120BG.

[0146] For easier explanation, here, the inks are sequen-
tially applied to the inside of the gaps for all of three colors
as follows. First, an ink is applied to a plurality of gaps for
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a first color on the substrate by setting the amount of the ink
jetted from nozzles in a first condition. Next, an ink is
applied to a plurality of gaps for a second color on the
substrate by setting the amount of the ink jetted from the
nozzles in a second condition. Subsequently, an ink is
applied to a plurality of gaps for a third color by setting the
amount of the ink jetted from the nozzles in a third condi-
tion. The steps of applying the ink to the gaps for the first
color on the substrate 100x, then applying the ink to the gaps
for the second color on the substrate and further applying the
ink to the gaps for the third color on the substrate are
conducted repeatedly, whereby the inks are sequentially
applied to the gaps for the three colors.

[0147] Inthe above-mentioned process, the steps of apply-
ing the ink to the gaps for the first color on a plurality of
substrates, then applying the ink to the gaps for the second
color on the plurality of substrates and further applying the
ink to the gaps for the third color on the plurality of
substrates may be conducted repeatedly, whereby the inks
may be sequentially applied to the gaps for the three colors.

[0148] On the other hand, such steps as applying the ink
to the gap for the first color on a single substrate by setting
the amount of the ink jetted from the nozzles in a first
condition, then applying the ink to the adjacent gap for the
second color by changing the ink amount to a second
condition, further applying the ink to the adjacent gap for the
third color by changing the ink amount to a third condition,
and applying the ink to the adjacent gap for the first color by
returning the ink amount to the first condition may be
conducted repeatedly, whereby the inks may be continu-
ously applied to all the gaps for the three colors on the single
substrate.

[Case of Uniformly Applying Ink to Gaps 522z Between
Column Banks 522Y]

[0149] Now, a method of applying an ink (for example, an
ink for red gaps 522zR) to gaps for one color will be
described below.

[0150] The upper layers 120B extend continuously, not
only in the self-luminescence regions 100a but also over to
the adjacent non-self-luminescence regions 1005. According
to this, at the time of forming the upper layers 120B, the ink
applied to the self-luminescence regions 100a can flow in
the column direction through the ink applied to the non-
self-luminescence regions 1005, whereby the film thickness
can be leveled among the pixels in the column direction. It
is to be noted, however, that in the non-self-luminescence
regions 1005, the flow of the ink is moderately restrained by
the row banks 122X. Therefore, considerable unevenness in
film thickness is not liable to occur in the column direction,
and unevenness of luminance among pixels and a lowering
in service life are improved.

[0151] In this ink applying method, as illustrated in FIG.
7A, the substrate 100x is placed on a working table of a
liquid droplet jetting apparatus with the column banks 522Y
set along the Y-direction, and, while an ink jet head 622
wherein a plurality of jet ports 62441 are arranged in a line
along the Y-direction is scanningly moved in the X-direc-
tion, the ink is jetted from the jet ports 62441 aiming at
impact point targets set in the gap 522z between the column
banks 522Y.
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[0152] Note that the region in which the ink as a material
for the upper layers 120B is applied in the same applying
amount is one of the three regions which are juxtaposed in
the X-direction.

[Case of Applying Ink to Regions in Gaps 522z Exclusive of
Regions Over Row Banks 122X]

[0153] A configuration may be adopted wherein the inks
are applied only to grid-formed regions defined by the row
banks 122X and the column banks 522Y.

[0154] In this ink applying method, as shown in FIG. 7B,
the substrate 100x is placed such that the longitudinal
direction of each sub-pixel 100se is set along the Y-direction
and the width direction of each sub-pixel 100se is set along
the X-direction, and, while the ink jet head 622 is scanningly
moved in the X-direction, the ink is jetted from the jet ports
aiming at impact point targets set in the grid-form regions
defined by the row banks 122X and the column banks 522Y.
In FIG. 7B, the target positions to which the ink for red gaps
522zR is to be applied are indicated in the regions of the red
sub-pixels 100seR.

[0155] It is to be noted, however, that this ink applying
method differs from the above-mentioned ink applying
method in that, of the plurality of jet ports 624d1 possessed
by the ink jet head 622, only those jet ports which pass over
the regions between the row bank 122X and the row bank
122X are used, whereas those jet ports (the jet ports given
the markxin FIG. 7B) which pass over the regions of the row
banks 122X are normally not used. In the example illustrated
in FIG. 7B, seven impact point targets are set in each
sub-pixel, and ink droplets are jetted from seven jet ports
624d1.

(5) Formation of Hole Transport Layer 121

[0156] The hole transport layers 121 are formed on the
upper layers 120B of the exposed hole injection layers 120
formed in the gaps 522z defined by the column banks 522Y
inclusive of the regions over the row banks 122X (FIG. 6C).
The formation of the hole transport layers 121 is carried out
by using a wet process such as an ink jet method or gravure
printing, and applying the inks containing a constituent
material to the inside of the gaps 522z defined by the column
banks 522Y, followed by volatilizing off the solvent. Alter-
natively, the formation is conducted by performing baking.
The method of applying inks for forming the hole transport
layers 121 to the inside of the gaps 522z is the same as that
in forming the upper layers 120B described above.

[0157] The hole transport layer 121R is equivalent in
thickness to the hole transport layer 121G or the hole
transport layer 121B. Therefore, the amounts of the respec-
tive inks to be applied to the inside of the gaps 522zR, 522-G
and 522zB are the same. Accordingly, after the amount of the
inks to be jetted from the nozzles to the inside of the gaps
522zR, 522zG and 522zB is set, operations of applying the
inks sequentially to the gap for a first color on a single
substrate, to the adjacent gap for a second color and to the
adjacent gap for a third color are repeated, whereby the inks
are continuously applied to the whole part of the gaps for the
three colors on the single substrate.

[0158] Alternatively, the hole transport layers 121 may be
formed by a method in which films of a metal (for example,
tungsten) are deposited by sputtering, then baking is con-
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ducted to cause oxidation of the metallic films, after which
the films are patterned on a pixel basis by use of photoli-
thography and etching.

(6) Formation of Light-Emitting Layer 123

[0159] The light-emitting layer 123 and the electron trans-
port layer 124 are stackedly formed in each gap 522z defined
by the column banks 522Y, sequentially from the hole
transport layer 121 side.

[0160] The formation of the light-emitting layers 123 is
carried out by applying the inks containing a constituent
material to the inside of the gaps 522z defined by the column
banks 522Y by an ink jet method, followed by baking.
Specifically, in this step, an ink 123R1, 123G1 or 123B1
containing a material for an organic light-emitting layer for
one of R, G and B is charged into the gaps 522z to be
sub-pixel formation regions by an ink jet method, drying the
charged ink under a reduced pressure, and subjecting the ink
to a baking treatment, to form the light-emitting layers
123R, 123G or 123B (FIG. 6D). In this case, in applying the
ink for the light-emitting layer 123, first, application of a
solution for forming the light-emitting layer 123 is con-
ducted by use of a liquid droplet jetting apparatus. Steps of
first applying the ink for forming one of the red light-
emitting layer 123R, the green light-emitting layer 123G and
the blue light-emitting layer 123B to the substrate 100x, then
applying the ink for another color to the substrate 100x and
applying the ink for a third color to the substrate 100x are
conducted repeatedly, whereby the inks for the three colors
are sequentially applied. By this, the red light-emitting
layers 123R, the green light-emitting layers 123G and the
blue light-emitting layers 123B are formed on the substrate
100x in the manner of being repeatedly juxtaposed in the
horizontal direction of the paper surface of the figure. The
details of the method of applying the inks for the light-
emitting layers 123 to the inside of the gaps 522z are the
same as those in the method in forming the upper layers
120B described above.

[0161] The methods for forming the upper layer 120B of
the hole injection layer 120, the hole transport layer 121 and
the light-emitting layer 123 are not limited to the above-
described. The dropping or application of the inks may be
conducted by other methods than the ink jet method and the
gravure printing. Thus, there may be used such known
methods as a dispenser method, a nozzle coating method, a
spin coating method, intaglio printing, and relief printing.

(7) Formation of Electron Transport Layer 124

[0162] Next, the electron transport layer 124 is formed by
vacuum deposition or the like. Thereafter, the counter elec-
trode layer 125 and the sealing layer 126 are sequentially
stackedly formed in such a manner as to cover the electron
transport layer 124 (FIGS. 6D and 6E). The counter elec-
trode layer 125 and the sealing layer 126 can be formed by
use of chemical vapor deposition (CVD), sputtering or the
like.

(8) Formation of Counter Electrode Layer 125 and Sealing
Layer 126

[0163] As illustrated in FIG. 6E, the counter electrode
layer 125 and the sealing layer 126 are sequentially
stackedly formed in such a manner as to cover the electron
transport layer 124 in the form of a solid film in the gaps
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522z and over the column banks 522Y. The counter electrode
layer 125 and the sealing layer 126 can be formed by CVD,
sputtering or the like.

(9) Formation of CF Substrate 131

[0164] Now, an example of a process for manufacturing
the CF substrate 131 will be described below, referring to
FIGS. 8A to 8D.

[0165] A transparent upper substrate 130 is prepared (FIG.
8A). Next, a paste 128X obtained by dispersing in a solvent
a material for a color filter layer 128 (for example, G)
containing a UV-curing resin component as a main compo-
nent is applied to a surface of the upper substrate 130 (FIG.
8B), and the solvent is removed to a certain extent, after
which a predetermined pattern mask PM2 is placed thereon,
and irradiation with UV rays is conducted (FIG. 8C). There-
after, curing is conducted, and the pattern mask PM2 and the
uncured paste 128X are removed by development, whereon
a color filter layer 128(G) is formed (FIG. 8D). The steps of
FIGS. 8B to 8D are similarly repeated for color filter
materials for each color, whereby color filter layers 128(R)
and 128(B) are formed. Note that commercially available
color filter products may be used in place of the paste 128X.
[0166] In this way, the CF substrate 131 is formed.

(10) Lamination of CF Substrate 131 and Back Panel

[0167] Next, a material for the bonding layer 127 contain-
ing a UV-curing type resin such as acrylic resin, silicone
resin and epoxy resin as a main component is applied to a
back panel including layers ranging from the substrate 100x
to the sealing layer 126 (FIG. 9A).

[0168] Subsequently, the thus applied material is irradi-
ated with UV rays, thereby laminating the back panel and the
CF substrate 131 on each other in a state where the relative
positions of the substrates are matched. In this case, care
should be taken to ensure that gas does not enter between the
substrates. Thereafter, the substrates are baked to complete
a sealing step, whereon the display panel 10 is completed
(FIG. 9B).

6. In Regard of Effects of Display Panel 10

[0169] The effects obtained from the display panel 10 will
be described below.

6.1 Realization of Hole Injection Properties Suited to
Light-Emitting Layers 123R, 123G and 123B

[0170] The present inventors have experimentally found
out that in the case where a hole injection layer 120 includes
a lower layer 120A of tungsten oxide obtained by forming a
film by vapor phase growth and baking the film and an upper
layer 120B obtained using a coating film of an organic
polymer solution of a conductive polymer material such as
PEDOT, a variation in the film thickness of the upper layer
120B leads to variations in hole injection property and
driving voltage.

[0171] On the other hand, in relation to RGB sub-pixels
differing in the carrier density required according to the
material characteristics of the light-emitting layers destined
to emit light, if a film thickness of a hole injection layer at
which the carrier density for the sub-pixel requiring the
highest carrier density of the RGB sub-pixels is obtained is
set and the film thickness of the hole injection layer is set to
be the same for the RGB sub-pixels, then the element would
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be driven at a relatively excessive voltage in one or some of
the RGB sub-pixels. As a result, the element life enhancing
effect intended to be obtained by the two-layer structure of
the hole injection layer cannot be sufficiently obtained, and
it is assumed that the element life is deteriorated and the
element life on a unit pixel basis is lowered.

[0172] In view of this, the present inventors made inves-
tigations and have found out that it is preferable to adopt a
configuration wherein a hole injection layer 120 including a
lower layer 120A of tungsten oxide and an upper layer 120B
obtained by use of a coating film of an organic polymer
solution of a conductive polymer material such as PEDOT
is used, and the thickness of the upper layer 120BR is set to
be greater than the thicknesses of the upper layer 120BB and
the upper layer 120BG.

[0173] Specifically, as a result of the present inventors’
investigations, it has been found preferable that in the
display panel 10 the thickness of the upper layer 120BB is
more than 0 nm and not more than 25 nm, the thickness of
the upper layer 120BG is more than O nm and not more than
30 nm, and the thickness of the upper layer 120BR is 20 to
50 nm.

[0174] By this configuration, it is ensured that holes in
amounts corresponding to the carrier densities required for
driving according to the materials used for the luminescent
colors are supplied to the light-emitting layers 123R, 123G
and 123B from the hole injection layers 120R, 120G and
120B, respectively, and driving voltages differing according
to the film thicknesses of the hole injection layers 120R,
120G and 120B are impressed respectively on the light-
emitting layers 123R, 123G and 123B. For this reason, the
light-emitting layers 123R, 123G and 123B are driven at
optimum voltages corresponding to the carrier densities
required for driving on a luminescent color basis, so that a
sufficient emission luminance can be obtained in the light-
transmitting layer for each color. In addition, a situation in
which an excessive voltage is impressed on one or some of
the RGB sub-pixels is obviated, and an excessive driving
voltage in excess of the necessary carrier density can be
inhibited from being impressed on any of the light-emitting
layers 123R, 123G and 123B. Consequently, as compared to
the case where the thickness of the upper layer 120BR is set
equivalent to the thicknesses of the upper layer 120BB and
the upper layer 120BG, it is possible to reduce the driving
voltage to be impressed on the light-emitting layers 123G
and 123B and to restrain a lowering in the element life of the
light-emitting layers 123G and 123B.

6.2 Effects on Manufacturing Cost and Productivity

[0175] It is desirable that the light-emitting layers 123R,
123G and 123B are supplied with holes in amounts corre-
sponding to the carrier densities required for driving accord-
ing to the materials used on a luminescent color basis, and,
in this connection, it has been found by the present inven-
tors’ investigations that a variation in the film thickness of
the lower layer 120A made of tungsten oxide leads to
variations in hole injection property and driving voltage
according to the film thickness. However, since the lower
layer 120A of tungsten oxide is formed through film forma-
tion by vapor phase growth, in order to obtain different film
thicknesses of the lower layers 120A in the light-emitting
layers 123R, 123G and 123B on a luminescent color basis,
it is necessary to separately form and pattern the films for the
lower layers 120AR, 120AG and 120AB by a shadow mask
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method using precision shadow masks provided with open-
ings only in the regions of sub-pixels for each color. In this
case, since a vapor deposition material is deposited on the
whole part of the mask inclusive of the openings, the
material loss is large, which would cause a rise in cost. In
addition, highly accurate aligning of the openings of the
precision mask to the banks in the regions of sub-pixels for
each color would cause a lowering in productivity.

[0176] On the other hand, the upper layer 120B is formed
by use of an applying system such as an ink jet method.
According to the applying system, by varying the amount of
the ink jetted from the nozzles, control of film thickness
according to the film formation parts can be comparatively
easily achieved even in the case of forming films on the
same substrate. As a result, the rise in cost due to material
loss and the lowering in productivity due to highly accurate
aligning of the precision masks as above-mentioned can be
obviated.

6.3 Realization of Optical Resonator Structure

[0177] In the organic EL display panel, a resonator struc-
ture is adopted for adjustment of light extraction efficiency.
As the resonator structure, there is a form wherein a pixel
electrode layer 119 having a light reflecting property and a
counter electrode layer 125 having a light transmitting
property are used, a light-emitting layer 123 is arranged in
spacings t4B, 4G and t4R (FIG. 5) between the pixel
electrode layer 119 and the counter electrode layer 125, and
one or more functional layers are arranged between the pixel
electrode layer 119 or the counter electrode layer 125 and the
light-emitting layer 123.

[In Regard of Optical Film Thickness of Each Layer and
Optical Resonator Structure]

[0178] FIG. 10 is an illustration for explaining light inter-
ference in an optical resonator structure of the display panel
10 according to the present embodiment. Referring to this
figure, an element section corresponding to one sub-pixel
100se will be described.

[0179] In the optical resonator structure of the sub-pixel
100se of the organic EL element 100, light is emitted from
the light-emitting layer 123, specifically, from the vicinity of
the interface between the light-emitting layer 123 and the
hole transport layer 121, to be transmitted through each of
layers. At the interfaces between the layers, part of the light
is reflected, whereby interference of light is generated. Main
examples of the interference will be shown below.

[0180] (1) A first optical path C1 wherein part of the light
emitted from the light-emitting layer 123 and passing toward
the counter electrode layer 125 side is transmitted through
the counter electrode layer 125 and emitted to the exterior of
the light-emitting element, and a second optical path C2
wherein part of the light passing from the light-emitting
layer 123 toward the pixel electrode layer 119 side is
reflected by the pixel electrode layer 119, is thereafter
transmitted through the light-emitting layer 123 and the
counter electrode layer 125 and is emitted to the exterior of
the light-emitting element, are formed. Then, interference
occurs between the direct light and the reflected light.
[0181] An optical film thickness I.1 shown in FIG. 10
corresponds to the difference in optical distance between the
first optical path C1 and the second optical path C2. The
optical film thickness [.1 is a total optical distance (the
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product of film thickness and refractive index; nm) of the
hole injection layer 120 and the hole transport layer 121
which are sandwiched between the light-emitting layer 123
and the pixel electrode layer 119.

[0182] (2) There is also formed a third optical path C3
wherein part of the light passing from the light-emitting
layer 123 toward the counter electrode layer 125 side is
reflected by the counter electrode layer 125, is further
reflected by the pixel electrode layer 119 and is thereafter
emitted to the exterior of the light-emitting element. Inter-
ference occurs between the light passing along the third
optical path C3 and the light passing along the first optical
path C1.

[0183] The difference in optical distance between the
second optical path C2 and the third optical path C3 corre-
sponds to an optical film thickness 1.2 shown in FIG. 10. The
optical film thickness 1.2 is a total optical distance of the
light-emitting layer 123 and the electron transport layer 124.
[0184] (3) Interference is also generated between the light
passing along the third optical path C3 and the light passing
along the first optical path C1. The difference in optical
distance between the first optical path C1 and the third
optical path C3 corresponds to an optical film thickness [.3
shown in FIG. 10. The optical film thickness [.3 is the sum
of'the optical film thickness .1 and the optical film thickness
L2 (L3=L1+L2). The optical film thickness L3 is the total
optical distance of the hole injection layer 120, the hole
transport layer 121, the light-emitting layer 123 and the
electron transport layer 124 which are sandwiched between
the pixel electrode layer 119 and the counter electrode layer
125.

[0185] Normally, in a resonator structure, optical film
thicknesses are adjusted such that the light extraction effi-
ciency is maximized. The optical film thickness [.1 between
the light-emitting layer 123 and the pixel electrode layer
119, the optical film thickness [.2 between the light-emitting
layer 123 and the counter electrode layer 125, and the optical
film thickness [.3 between the pixel electrode layer 119 and
the counter electrode layer 125 are set in such a manner that
the lights passing along the above-mentioned optical paths
intensify one another by interference, leading to an enhanced
light extraction efficiency.

[0186] These basic light interferences similarly occur in
the blue sub-pixels 100seB, the green sub-pixels 100seG and
the red sub-pixels 100seR.

[0187] Then, by adjusting the distance between the coun-
ter electrode layer 125 and the pixel electrode layer 119 with
the light-emitting layers 123R, 123G and 123B sandwiched
therebetween in such a manner that the direct light passing
along the first optical path C1 and the reflected light passing
along the second optical path C2 intensify each other by an
interference effect, it is possible to enhance the light extrac-
tion efficiency of the display panel 10.

[0188] Of the above-mentioned three kinds of light inter-
ferences, the interference between the direct light passing
through the first optical path C1 and the reflected light
passing through the second optical path C2 shown in (1)
above has the most predominant influence on the outgoing
light. Therefore, an adjustment of the optical film thickness
L1 corresponding to the difference in optical distance
between the first optical path C1 and the second optical path
C2 will be described below.

[0189] The present inventors have confirmed that in the
case where the film thickness of the hole transport layer 121
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is appropriately set to adjust light extraction efficiency, the
driving voltage required for obtaining a predetermined cur-
rent density increases as the film thickness increases.
[0190] In addition, as above-mentioned, the hole injection
layer 120 has a configuration wherein the film thicknesses of
the hole injection layers 120R, 120G and 1206 are set to be
different on the basis of luminescent colors of the light-
emitting layers 123R, 123G and 1236, whereby it is made
possible to achieve supplies of holes corresponding to the
carrier densities suited to the light-emitting layers 123R,
123G and 1236. In view of this, the present inventors
considered that in regard of adjustment of the optical film
thickness L1, also, it is preferable to appropriately set the
film thickness of the hole injection layer 120 to thereby
adjust the light extraction efficiency.

[0191] When it is intended to realize a resonator structure
by adjusting the film thickness of the lower layer 120A
formed from tungsten oxide, of the hole injection layer 120,
a problem is generated as above-mentioned. Specifically, in
order that the thickness of the tungsten layer formed in a film
form by vapor phase growth differs on the basis of each of
the RGB sub-pixels, it is necessary to separately form and
pattern the films for the lower layers 120AR, 120AG and
120AB by use of shadow masks opened only in the regions
of sub-pixels for each color, with the result of an increase in
cycle time on a manufacturing process basis and an increase
in mass production cost.

[0192] For this reason, in the present embodiment, the
adjustment of the optical film thickness [.1 is conducted by
adjustment of the film thickness of the upper layer 120B of
the hole injection layer 120.

[0193] Specifically, based on optical simulation, it is pref-
erable that the film thicknesses of the hole injection layers
120 for R, G and B colors are adjusted to within the range
of 5 to 70 nm.

[0194] FIGS. 11Ato 11C are diagrams showing the results
of optical simulation indicative of the relation between the
thickness of an upper layer 120B for each of RGB colors and
light extraction efficiency in the organic EL display panel 10,
wherein FIG. 11A shows the relation between the thickness
of the upper layer 120BR and light extraction efficiency,
FIG. 11B shows the relation between the thickness of the
upper layer 120BG and light extraction efficiency, and FIG.
11C shows the relation between the thickness of the upper
layer 120BB and light extraction efficiency. Based on the
results shown, the film thicknesses of the first, second and
third upper layers 120B at which the light extraction effi-
ciency for each of RGB colors becomes not less than 80%
of a maximum value were calculated as preferable ranges.
As a result, it was found preferable that the film thickness of
the upper layer 120BR is 20 to 50 nm, the film thickness of
the upper layer 120BG is more than O nm and not more than
30 nm, and the film thickness of the upper layer 120BB is
more than 0 nm and not more than 25 nm. In addition, as a
result of similar investigations, it was found preferable that
the film thicknesses of lower layers 120AR, 120AG and
120AB are 5 to 20 nm and are equal.

[0195] This configuration ensures that in the resonator
structure, the film thicknesses of the upper layers 120B of
the hole injection layers 120 can be easily set appropriately
in such a manner that the optical film thickness L1 is
adjusted to an optical film thickness that gives a maximum
light extraction efficiency, and, therefore, the light extraction
efficiency can be enhanced.
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[0196] Note that the adjustment of the optical film thick-
ness 1.2 that influences the light interference mentioned in
(2) above is conducted by adjusting the film thickness of the
light-emitting layer 123. Besides, the adjustment of the
optical film thickness L3 that influences the light interfer-
ence mentioned in (3) above is conducted by adjusting the
film thickness of the light-emitting layer 123, like in the
adjustment of the optical film thickness 1.2, in addition to the
adjustment of the film thicknesses of the upper layers 120B
of the hole injection layers 120 described above. In other
words, taking into account the film thicknesses of the upper
layers 120B of the hole injection layers 120 determined for
adjustment of the optical film thickness L1, the film thick-
ness of the light-emitting layer 123 is adjusted for adjust-
ment of both the optical film thickness [.2 and the optical
film thickness L3.

[0197] Specifically, based on optical simulation, it is pref-
erable that the film thickness of the light-emitting layer
123R is 70 to 130 nm, the film thickness of the light-emitting
layer 123G is 60 to 100 nm, and the film thickness of the
light-emitting layer 123B is 20 to 60 nm.

[In Regard of Reduction in Driving Voltage]

[0198] Due to the differences in luminescent wavelength
on a color basis, the optically optimum inter-electrode
distance is the longest for the red sub-pixels and the shortest
for the blue sub-pixels. If the hole injection layers for the
different colors are the same in film thickness, the optical
path length is to be adjusted by the light-emitting layers; in
this case, naturally, it is necessary to make the red light-
emitting layer thick, resulting in a raised driving voltage. On
the other hand, in the organic EL display panel 10, the upper
layer of the hole injection layer for the red sub-pixels is
formed to be thicker than the upper layers for the green
sub-pixels and blue sub-pixels, whereby the film thickness
of'the light-emitting layer for the red sub-pixels can be made
relatively smaller, so that the driving voltage can be made
low as compared to the case where the optical path length is
adjusted by the film thickness of the light-emitting layer.

[0199] Therefore, in the organic EL display panel 10, the
resonator structure is based on a configuration wherein one
or more of the film thicknesses of the upper layers 120BR,
120BG and 120BB of the hole injection layers 120 are set
different from the others, whereby the optical film thickness
in sub-pixels 100se for each color is adjusted to the vicinity
of an optical film thickness that gives a maximum light
extraction efficiency. According to such a configuration, the
voltage required for driving the pixels 100e can be lowered
as compared to the case where the optical path length is
adjusted by the film thickness of the light-emitting layer.

6.4 Improvement of Element Life

[0200] Test results of life characteristic of the organic EL
display panel 10 will be described. FIG. 12 shows the test
results of the life characteristic. This is a diagram showing
the relation between elapsed time and relative luminance of
an organic EL. element section corresponding to a green
sub-pixel 100seG when an organic EL element was driven at
a current density of 3.4 mA/cm2, for Example of the organic
EL display panel 10, Comparative Example 1 wherein the
hole injection layer in the configuration of the organic ELL
display panel 10 was replaced by a single layer of a tungsten
oxide film, and Comparative Example 2 wherein the hole
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injection layer in the configuration of the organic EL display
panel 10 was replaced by a single layer of a coating film
formed from an organic polymer solution of a conductive
polymer material.

[0201] As shown in FIG. 12, over the whole range of
elapsed time of 0 to 680 hours of the test, the values of
relative luminance obtained in Example, Comparative
Example 1 and Comparative Example 2 decreased in this
order. For example, at the elapsed time of 680 hours, the
relative luminance in Example was approximately 2.5%
higher than that in Comparative Example 1, and approxi-
mately 4% higher than that in Comparative Example 2; thus,
it is seen that lowering in relative luminance is slight in
Example. Besides, at the elapsed time of 680 hours, the
lowering rate of relative luminance in Example was reduced
to approximately 74% of that in Comparative Example 1,
and was reduced to approximately 65% of that in Compara-
tive Example 2; thus, it is seen that lowering in relative
luminance is restrained in Example.

[0202] From these results, it was confirmed that in
Example of the organic EL display panel 10, the lowering in
relative luminance attendant on driving is small as compared
to Comparative Examples 1 and 2 wherein the hole injection
layer composed of a single layer was used. It was also
confirmed that the organic EL display panel 10 had an
improved element life as compared to Comparative
Examples 1 and 2.

[0203] In other words, it was confirmed that, by compos-
ing the hole injection layer from a plurality of layers, it is
possible to improve element life as compared to the case
where the hole injection layer is composed of a single layer.
[0204] As above-mentioned, the thickness of the upper
layer 120BR was set greater than the thicknesses of the
upper layer 120BB and the upper layer 120BG, whereby the
driving voltages impressed on the light-emitting layers 123G
and 123B could be lowered, the lowering in element life of
the light-emitting layers 123G and 123B could be restrained,
and the overall element life could be improved, as compared
to the case where the thickness of the upper layer 120BR is
set equivalent to the thicknesses of the upper layer 120BB
and the upper layer 120BG. It is considered that since the
light-emitting layers 123R, 123G and 123B are driven by
optimum voltages corresponding to the carrier densities
required for driving on a luminescent color basis, applica-
tion of an excessive driving voltage in excess of the neces-
sary carrier density to any of the light-emitting layers 123R,
123G and 123B can be restrained.

7. Summary

[0205] As has been described above, the display panel 10
according to the present embodiment has a configuration
wherein the first hole injection layers 120B are provided in
the regions of blue sub-pixels 100seB on the substrate 100x,
the second hole injection layers 120G are provided in the
regions of green sub-pixels 100seG on the substrate 100x,
and the third hole injection layers 120R are provided in the
regions of red sub-pixels 100seR on the substrate 100x, the
first hole injection layer 120B includes the first lower layer
120AB made of a metallic oxide and the first upper layer
120BB made of an organic material stacked on the first
lower layer 120AB, the second hole injection layer 120G
includes the second lower layer 120AG made of a metallic
oxide and the second upper layer 120BG made of an organic
material stacked on the second lower layer 120AG, and the
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third hole injection layer 120R includes the third lower layer
120AR made of a metallic oxide and the third upper layer
120BR made of an organic material stacked on the third
lower layer 120AR, the third upper layer 120BR being
greater in thickness than the first upper layer 120BB and the
second upper layer 120BG.

[0206] By this configuration, emission luminance and
light extraction efficiency of the organic EL element can be
enhanced, and element life can be improved.

[0207] In addition, a configuration may be adopted
wherein the thickness of the first upper layer 120BB is more
than 0 nm and not more than 25 nm, the thickness of the
second upper layer 120BG is more than 0 nm and not more
than 30 nm, and the thickness of the third upper layer 120BR
is 20 to 50 nm.

[0208] According to this configuration, the light-emitting
layers 123R, 123G and 123B are driven by optimum volt-
ages corresponding to the carrier densities required for
driving on a luminescent color basis, and, therefore, suffi-
cient emission luminance can be obtained at the light-
emitting layers for each color.

[0209] In addition, the driving voltages to be impressed on
the light-emitting layers 123G and 123B can be lowered, and
lowering in element life of the light-emitting layers 123G
and 123B can be suppressed, as compared to the case where
the thickness of the third upper layer 120BR is set equivalent
to the thicknesses of the first upper layer 120BB and the
second upper layer 120BG.

[0210] Further, in the resonator structure, the film thick-
ness of the upper layer 120B of the hole injection layer 120
can be easily set appropriately in such a manner that the
optical film thickness L1 is adjusted to an optical film
thickness that gives a maximum light extraction efficiency,
and, therefore, the light extraction efficiency can be
enhanced.

[0211] Besides, the metallic oxide may include an oxide of
tungsten (W). In addition, the first lower layer 120AB, the
second lower layer 120AG and the third lower layer 120AR
may be the same in thickness. Besides, the thicknesses of the
first lower layer 120AB, the second lower layer 120AG and
the third lower layer 120AR may be 5 to 20 nm.

[0212] According to such a configuration, the upper layers
120B are formed by use of an applying system such as an ink
jet method. The applying system makes it possible to
comparatively easily control the film thickness according to
the film formation parts even in the case of forming films on
the same substrate, by varying the amount of the ink jetted
from nozzles. Therefore, the rise in cost due to material loss
and the lowering in productivity attendant on highly accu-
rate aligning of precision masks as above-mentioned can be
obviated.

Modifications

[0213] While the display panel 10 according to the present
embodiment has been described above, the present disclo-
sure is not to be limited to the above embodiment, so long
as the essential and characteristic constitutional elements
thereof are secured. For instance, modes obtained when the
embodiment is subjected to various modifications conceived
by those skilled in the art, and modes realized by arbitrarily
combining the constitutional elements and functions in the
embodiment without departing from the scope of the present
disclosure, are also embraced by the present disclosure. As
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an example of such possible modes, some modifications of
the display panel 10 will be described below.

[0214] In the display panel 10, the light-emitting layers
123 extend continuously in the column direction over the
row banks 122X. However, in the above-mentioned con-
figuration, a configuration may be adopted wherein the
light-emitting layers 123 extend intermittently on a pixel
basis over the row banks 122X.

[0215] In the display panel 10, the luminescent colors of
the light-emitting layers 123 of the sub-pixels 100se
arranged in the gaps 522z between the column banks 522Y
adjacent to each other in the row direction are different from
one another, whereas the luminescent colors of the light-
emitting layers 123 of the sub-pixels 100se arranged in the
gaps between the row banks 122X adjacent to each other in
the column direction are the same. However, in the above-
mentioned configuration, a configuration may be adopted
wherein the luminescent colors of the light-emitting layers
123 of the sub-pixels 100se adjacent to each other in the row
direction are the same, whereas the luminescent colors of the
light-emitting layers 123 of the sub-pixels 100se adjacent to
each other in the column direction are different. In addition,
a configuration may also be adopted wherein both the
luminescent colors of the light-emitting layers 123 of the
sub-pixels 100se adjacent to each other in the row direction
and the luminescent colors of the light-emitting layers 123
of the sub-pixels 100se adjacent to each other in the column
direction are different.

[0216] While the pixels 100e in the display panel 10
according to the present embodiment include three kinds of
pixels, namely, red pixels, green pixels and blue pixels, this
is not limitative of the present disclosure. For example, the
light-emitting layers may be of only one kind, or may be of
four kinds that emit light in red, green, blue and yellow.
[0217] In addition, while the pixels 100e are arranged in a
matrix pattern in the above embodiment, this configuration
is not restrictive of the present disclosure. For example, a
configuration may be adopted with similar effects wherein
let the spacing between pixel regions be one pitch, then the
pixel regions in the adjacent gaps are deviated from each
other by half a pitch in the column direction. In display
panels being progressively enhanced in resolution, it is
difficult to visually discriminate a slight extent of deviations
in the column direction; even if differences in film thickness
are aligned on a straight line form (or in a staggered pattern)
with a certain width, they look like a belt form visually.
Therefore, even in such a case, by restraining differences in
luminance from being aligned in a staggered pattern, it is
possible to enhance display quality of the display panel.
[0218] Besides, while the pixel electrode layers 119 are
arranged in all the gaps 522z in the display panel 10, this
configuration is not limitative of the present disclosure. For
example, the gaps 522z in which the pixel electrode layers
119 are not formed may be present, for forming bus bars or
the like.

[0219] In addition, while the hole injection layer 120, the
hole transport layer 121, the light-emitting layer 123 and the
electron transport layer 124 are present between the pixel
electrode layer 119 and the counter electrode layer 125 in the
above embodiment, this configuration is not restrictive of
the present disclosure. For example, there may also be
adopted a configuration wherein the hole injection layer 120,
the hole transport layer 121 and the electron transport layer
124 are not used and wherein only the light-emitting layer
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123 is present between the pixel electrode layer 119 and the
counter electrode layer 125. In addition, there may also be
adopted, for example, a configuration wherein a hole injec-
tion layer, a hole transport layer, an electron transport layer,
an electron injection layer and the like are provided, or a
configuration wherein a plurality of ones or all of these
layers are simultaneously provided. Besides, all of these
layers may not necessarily be made of an organic compound
but may be made of an inorganic material or the like.
[0220] In addition, while a wet type film forming process
such as a printing method, a spin coating method and an ink
jet method is used as a method for forming the light-emitting
layers 123 in the above embodiment, this configuration is
not restrictive of the present disclosure. For example, a dry
type film forming process such as a vacuum deposition
method, an electron beam evaporation method, a sputtering
method, a reactive sputtering method, an ion plating method,
and a vapor phase growth method can also be used. Further,
as materials for the constituent parts, known materials can be
appropriately adopted.

[0221] While a configuration wherein the pixel electrode
layer 119 as anode is arranged at a lower portion of the ELL
element section and the pixel electrode layer 119 is con-
nected to the source electrode of the TFT has been used in
the above embodiment, there can also be adopted a configu-
ration wherein the counter electrode layer is arranged at a
lower portion of the EL element section and the anode is
arranged at an upper portion of the EL element section. In
this case, the cathode arranged at the lower portion is
connected to the drain of the TFT.

[0222] In addition, while a configuration wherein two
transistors Trl and Tr2 are provided for one sub-pixel 100se
has been adopted in the above embodiment, this configura-
tion is not limitative of the present disclosure. For example,
only one transistor may be provided for one sub-pixel, or
three or more transistors may be provided for one sub-pixel.
[0223] Further, while a top emission type EL display panel
has been described as an example in the above embodiment,
this is not restrictive of the present disclosure. For example,
the present disclosure may also be applied to a bottom
emission type display panel. In that case, the constitutional
elements can be changed appropriately.

<<Supplement>>

[0224] The above-described embodiments show preferred
specific examples of the mode for carrying out the present
disclosure. The numerical values, shapes, materials, con-
stituent elements, layout positions and connection modes of
the constituent elements, steps, order of the steps, and the
like shown in the embodiments are mere examples, and are
not intended to limit the present disclosure. In addition, of
the constituent elements in the embodiments, the steps
which are not described in the independent claims showing
the most generic concepts of the present disclosure are
explained as optional constituent elements that constitute
more preferred modes.

[0225] Besides, the order in which the above-mentioned
steps are carried out is intended to specifically explain the
present disclosure, and other orders than the above-de-
scribed may also be adopted. In addition, part of the steps
may be carried out simultaneously (concurrently) with other
steps.

[0226] Besides, for easy understanding of the present
disclosure, the reduction scales of the constituent elements
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in the drawings shown in the above embodiments may not
reflect the actual sizes. In addition, the present disclosure is
not limited by the description of the above embodiments,
and appropriate modifications are possible without departing
from the scope of the present disclosure.

[0227] At least some of the functions in the above embodi-
ments and modifications may be combined together.
[0228] Further, various modifications obtained by chang-
ing the embodiments in a scope conceived by those skilled
in the art are also embraced by the present disclosure.
[0229] The organic EL display panel and organic EL
display apparatus according to the present disclosure can be
widely used for such apparatuses as television sets, personal
computers, mobile phones, etc. and other electronic appa-
ratuses that have a display panel.

What is claimed is:

1. An organic electroluminescence display panel having a
plurality of pixels arranged, the pixels each including a blue
sub-pixel, a green sub-pixel and a red sub-pixel, the organic
electroluminescence display panel comprising:

a substrate;

a first pixel electrode layer, a first hole injection layer, a
first hole transport layer and a blue organic light-
emitting layer provided in regions of the blue sub-
pixels over the substrate in this order from the substrate
side;

a second pixel electrode layer, a second hole injection
layer, a second hole transport layer and a green organic
light-emitting layer provided in regions of the green
sub-pixels over the substrate in this order from the
substrate side;

a third pixel electrode layer, a third hole injection layer, a
third hole transport layer and a red organic light-
emitting layer provided in regions of the red sub-pixels
over the substrate in this order from the substrate side;
and

a counter electrode layer provided over the blue organic
light-emitting layer, the green organic light-emitting
layer and the red organic light-emitting layer,

wherein the first hole injection layer includes a first lower
layer made of a metallic oxide and a first upper layer
made of an organic material stacked on the first lower
layer,

the second hole injection layer includes a second lower
layer made of the metallic oxide and a second upper
layer made of the organic material stacked on the
second lower layer, and

the third hole injection layer includes a third lower layer
made of the metallic oxide and a third upper layer made
of the organic material stacked on the third lower layer,
the third upper layer being greater in thickness than the
first upper layer and the second upper layer.

2. The organic electroluminescence display panel accord-

ing to claim 1,

wherein the metallic oxide includes an oxide of tungsten.

3. The organic electroluminescence display panel accord-
ing to claim 1,

wherein the thickness of the first upper layer is more than
0 nm and not more than 25 nm, the thickness of the
second upper layer is more than 0 nm and not more than
30 nm, and the thickness of the third upper layer is 20
to 50 nm.
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4. The organic electroluminescence display panel accord-
ing to claim 1,

wherein the first lower layer, the second lower layer and
the third lower layer are the same in thickness.

5. The organic electroluminescence display panel accord-

ing to claim 1,

wherein the first lower layer, the second lower layer, and
the third lower layer are 5 to 20 nm in thickness.

6. The organic electroluminescence display panel accord-

ing to claim 1,

wherein the organic material includes a mixture of poly-
thiophene and polystyrenesulfonic acid.

7. The organic electroluminescence display panel accord-

ing to claim 1, further comprising:
a bank arranged over the substrate for partitioning the
regions of the blue sub-pixels, the green sub-pixels and
the red sub-pixels,
wherein the bank includes
a plurality of column banks arranged at least over
row-directionally outer edges of the first, second and
third pixel electrode layers and over the substrate
located between the row-directionally outer edges,
and

a plurality of row banks arranged at least over column-
directionally outer edges of the first pixel electrode
layer, the second pixel electrode layer or the third
pixel electrode layer and over the substrate located
between the column-directionally outer edges.

8. The organic electroluminescence display panel accord-
ing to claim 1,

wherein the first upper layer, the second upper layer and
the third upper layer are arranged continuously in the
column direction over the row banks.

9. The organic electroluminescence display panel accord-

ing to claim 8,

wherein the blue light-emitting layer, the green light-
emitting layer and the red light-emitting layer are
arranged continuously in the column direction over the
row banks.

10. The organic electroluminescence display panel

according to claim 1, further comprising:

the hole transport layers arranged in gaps between the
adjacent column banks over at least the first hole
injection layer, the second hole injection layer or the
third hole injection layer.

11. The organic electroluminescence display panel

according to claim 10,

wherein the hole transport layers are arranged continu-
ously in the column direction over the row banks.

12. A method of manufacturing an organic electrolumi-
nescence display panel having a plurality of pixels arranged,
the pixels each including a blue sub-pixel, a green sub-pixel
and a red sub-pixel, the method comprising:

preparing a substrate;

forming by vapor phase growth a first pixel electrode
layer in formation regions of the blue sub-pixels over
the substrate, a second pixel electrode layer in forma-
tion regions of the green sub-pixels over the substrate,
and a third pixel electrode layer in formation regions of
the red sub-pixels over the substrate;

depositing a metal on the first pixel electrode layer, the
second pixel electrode layer and the third pixel elec-
trode layer by vapor phase growth, and thereafter
performing baking to form a first lower layer, a second
lower layer and a third lower layer, respectively;



US 2018/0090546 Al

applying an ink containing an organic material onto at
least the first lower layer, the second lower layer and
the third lower layer, and thereafter performing baking
to form a first upper layer, a second upper layer, and a
third upper layer greater in thickness than the first
upper layer and the second upper layer, respectively;

applying an ink containing a material for a blue organic
light-emitting layer, an ink containing a material for a
green organic light-emitting layer, and an ink contain-
ing a material for a red organic light-emitting layer
respectively onto at least the first upper layer, the
second upper layer and the third upper layer, and
thereafter performing baking to form the blue organic
light-emitting layer, the green organic light-emitting
layer and the red organic light-emitting layer; and

forming a counter electrode layer over the blue organic
light-emitting layer, the green organic light-emitting
layer and the red organic light-emitting layer.

13. The method of manufacturing the organic electrolu-
minescence display panel according to claim 12, further
comprising:

after forming the first pixel electrode layer, the second

pixel electrode layer and the third pixel electrode layer,
forming a plurality of column banks at least over row-
directionally outer edges of the first pixel electrode
layer, the second pixel electrode layer and the third
pixel electrode layer and over the substrate located
between the row-directionally outer edges and forming
a plurality of row banks at least over column-direction-
ally outer edges of the first pixel electrode layer, the
second pixel electrode layer and the third pixel elec-
trode layer and over the substrate located between the
column-directionally outer edges,

wherein in forming the first upper layer, the second upper

layer and the third upper layer, an ink containing the
organic material is applied continuously in the column
direction over the row banks in gaps between adjacent
ones of the column banks.

14. The method of manufacturing the organic electrolu-
minescence display panel according to claim 12, further
comprising:
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after forming the first upper layer, the second upper layer
and the third upper layer, applying an ink containing a
material for a hole transport layer onto at least the first
upper layer, the second upper layer and the third upper
layer, and thereafter performing baking to form a first
hole transport layer, a second hole transport layer and
a third hole transport layer, respectively.
15. A method of manufacturing an organic electrolumi-
nescence display panel having a plurality of pixels arranged,
the pixels each including a blue sub-pixel, a green sub-pixel
and a red sub-pixel, the method comprising:
preparing a substrate;
forming by vapor phase growth a first pixel electrode
layer in formation regions of the blue sub-pixels over
the substrate, a second pixel electrode layer in forma-
tion regions of the green sub-pixels over the substrate,
and a third pixel electrode layer in formation regions of
the red sub-pixels over the substrate;
depositing a metallic oxide on the first pixel electrode
layer, the second pixel electrode layer and the third
pixel electrode layer by vapor phase growth to form a
first lower layer, a second lower layer and a third lower
layer, respectively;
applying an ink containing an organic material onto at
least the first lower layer, the second lower layer and
the third lower layer, and thereafter performing baking
to form a first upper layer, a second upper layer, and a
third upper layer greater in thickness than the first
upper layer and the second upper layer, respectively;

applying an ink containing a material for a blue organic
light-emitting layer, an ink containing a material for a
green organic light-emitting layer, and an ink contain-
ing a material for a red organic light-emitting layer
respectively onto at least the first upper layer, the
second upper layer and the third upper layer, and
thereafter performing baking to form the blue organic
light-emitting layer, the green organic light-emitting
layer and the red organic light-emitting layer; and

forming a counter electrode layer over the blue organic
light-emitting layer, the green organic light-emitting
layer and the red organic light-emitting layer.
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