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FIG. 3
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FIG. 13
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FIG. 19
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FIG. 28A F1G. 28B
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ORGANIC EL PANEL, DISPLAY DEVICE
USING SAME, AND METHOD FOR
PRODUCING ORGANIC EL PANEL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tion No. PCT/JP2010/000087 filed Jan. 8, 2010, designating
the United States of America, the disclosure of which, includ-
ing the specification, drawings and claims, is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to an organic EL panel
that relies on electroluminescence phenomenon of organic
materials, a display device with the organic EL panel, and a
method of manufacturing the organic EL panel.

DESCRIPTION OF THE RELATED ART

[0003] Inrecent years, there has been proposed adoption of
organic Electro Luminescence (EL) panels that rely on elec-
troluminescence phenomenon of organic materials as display
panels for display devices such as digital televisions. A matrix
of respective organic light-emitting elements of R (red), G
(green), and B (blue) colors is arranged in a substrate of an
organic EL panel.

[0004] Itis important to improve light-extraction efficiency
of the organic light-emitting element of each of the R, G, and
B colors, from the standpoint of reducing power consump-
tion, increasing service life of the organic EL panel, and the
like. To this end, Patent Literature 1 proposes an art of
increasing transmitted-light intensity of an organic light-
emitting element constituted from a reflecting film, an inter-
layer insulating film, a first transparent electrode, a hole trans-
port layer, an organic light-emitting layer, an electron
injection layer, and a second transparent electrode that are
layered on a substrate. Transmitted-light intensity is
increased by using the phenomenon of interference between
direct light that travels directly from the organic light-emit-
ting layer towards the second transparent electrode and
reflective light that reflects off the reflecting film after being
emitted from the organic light-emitting layer and then travels
towards the second transparent electrode (paragraphs 0022-
0024). Specifically, Patent Literature 1 describes that the
respective organic light-emitting layers of the R, G, and B
colors are adjusted to have a film thickness of 245 nm, a film
thickness of 563 nm, and a film thickness of 503 nm, respec-
tively such that respective differences in optical path for the
R, G, and B colors between direct light and reflective light are
1. 5 times, 3. 5 times, and 3. 5 times of a wavelength of light,
respectively (paragraphs 0041-0046). This Patent Literature
1 describes that the above structure enables to increase the
transmitted-light intensity for each of the R, G, and B colors.

CITATION LIST
Patent Literature
[0005] [Patent Literature 1] Japanese Patent No. 4046948
SUMMARY
[0006] However, according to the above conventional art,

the layers from the organic light-emitting layer to the reflect-
ing film each differ in film thickness between the R, G, and B

Sep. 27,2012

colors by up to 318 nm. This causes a problem that it is
troublesome to adjust the film thickness for each of'the R, G,
and B colors.

[0007] Inview ofthis problem, one non-limiting and exem-
plary embodiment provides an organic EL panel, a display
device with the organic EL panel, and a method of manufac-
turing the organic EL panel according to which light-extrac-
tion efficiency is improved due to light interference phenom-
enon, and the film thickness is simply adjusted for each of the
R, G, and B colors compared with conventional arts.

[0008] Inone general aspect, the techniques disclosed here
feature; an organic EL panel, comprising;: first electrodes that
reflect incident light; a second electrode that faces the first
electrodes, and transmits incident light therethrough; an
organic light-emitting layer of each of R (red), G (green), and
B (blue) colors that is disposed between a corresponding one
of'the first electrodes and the second electrode, and emits light
of a corresponding color due to voltage application between
the corresponding first electrode and the second electrode; a
functional layer of each of the R, G, and B colors that is
composed of one or more layers, and is disposed between a
corresponding one of the first electrodes and the organic
light-emitting layer of a corresponding color, wherein a first
portion of light of each of the R, G, and B colors emitted from
the organic light-emitting layer of the corresponding color
travels through the second electrode instead of towards the
corresponding first electrode, and is emitted externally after
passing through the second electrode, a second portion of the
light of each of the R, G, and B colors travels through the
functional layer of the corresponding color towards the cor-
responding first electrode, strikes and is reflected by the cor-
responding first electrode, and is emitted externally after
passing through the functional layer of the corresponding
color, the organic light-emitting layer of the corresponding
color, and the second electrode, the respective functional
layers of the R, G, and B colors have substantially a same film
thickness of 60 nm or less and corresponds to a local maxi-
mum of light-emitting efficiency of the corresponding color,
and respective optical distances between the respective
organic light-emitting layers of the R, G, and B colors and the
respective first electrodes are each 100 nm or less and are
substantially equal to each other.

[0009] According to the organic EL panel that is one aspect
of the present invention, the film thickness of the functional
layer provided between the organic light-emitting layer and
the first electrode is adjusted so as to correspond to a local
maximum of light-emitting efficiency. This improves light-
extraction efficiency for each of the R, G, and B colors. Also,
the respective functional layers of the R, G, and B colors have
substantially the same film thickness, and accordingly the
film thickness is simply adjusted for each of the R, G, and B
colors compared with conventional arts.

[0010] Note that there has especially proved a drastic
improvement of viewing angle characteristics of a G (green)
organic EL element in the above organic EL panel.

[0011] These general and specific aspects may be imple-
mented using a manufacturing method.

[0012] Additional benefits and advantages of the disclosed
embodiments will be apparent from the specification and
Figures. The benefits and/or advantages may be individually
provided by the various embodiments and features of the
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specification and drawings disclosure, and need not all be
provided in order to obtain one or more of the same.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 explains the process by which one aspect of
the present invention was achieved.

[0014] FIG. 2 explains the process by which the aspect of
the present invention was achieved.

[0015] FIG. 3 is a cross-sectional diagram schematically
showing the pixel structure of an organic EL panel according
to an embodiment of the present invention.

[0016] FIG. 4 is a cross-sectional diagram schematically
showing the pixel structure of an organic EL panel according
to the embodiment of the present invention.

[0017] FIG. 5 shows variation of light-emitting efficiency
in cd/A when setting a film thickness of a transparent con-
ductive layer to 20 nm and varying a film thickness of a hole
transport layer from O nm to 600 nm under the conditions in
the first simulation.

[0018] FIG. 6 shows variation of chromaticity for each of
the R, G, and B colors when varying the film thickness of the
hole transport layer from 0 nm to 600 nm under the same
conditions as those in FIG. 5.

[0019] FIG. 7 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 5.

[0020] FIG. 8 shows allowable ranges of difference in
brightness and chromaticity.

[0021] FIG. 9 shows parameters of Equation 1 in Example
1 and Comparative example 1.

[0022] FIG. 10A to FIG. 10D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 7A to FIG. 7D, FIG. 10A and FIG.
10B show viewing angle dependence of brightness in
Example 1 and Comparative example 1, respectively, and
FIG. 10C and FIG. 10D show viewing angle dependence of
chromaticity in Example 1 and Comparative example 1,
respectively.

[0023] FIG. 11A to FIG. 11D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 7A to FIG. 7D, FIG. 11A and FIG.
11B show viewing angle dependence of brightness in
Example 1 and Comparative example 1, respectively, and
FIG. 11C and FIG. 11D show viewing angle dependence of
chromaticity in Example 1 and Comparative example 1,
respectively.

[0024] FIG. 12A to FIG. 12D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 7A to FIG. 7D, FIG. 12A and FIG.
12B show viewing angle dependence of brightness in
Example 1 and Comparative example 1, respectively, and
FIG. 12C and FIG. 12D show viewing angle dependence of
chromaticity in Example 1 and Comparative example 1,
respectively.

[0025] FIG. 13 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 15 nm and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the
conditions in the second simulation.

[0026] FIG. 14 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 13.

[0027] FIG. 15 shows parameters of Equation 1 in Example
2 and Comparative example 2.
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[0028] FIG. 16A to FIG. 16D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 14A to FIG. 14D, FIG. 16A and
FIG. 16B show viewing angle dependence of brightness in
Example 2 and Comparative example 2, respectively, and
FIG. 16C and FIG. 16D show viewing angle dependence of
chromaticity in Example 2 and Comparative example 2,
respectively.

[0029] FIG.17A to FIG. 17D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 14A to FIG. 14D, FIG. 17A and
FIG. 17B show viewing angle dependence of brightness in
Example 2 and Comparative example 2, respectively, and
FIG. 17C and FIG. 17D show viewing angle dependence of
chromaticity in Example 2 and Comparative example 1,
respectively.

[0030] FIG. 18A to FIG. 18D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 14A to FIG. 14D, FIG. 18A and
FIG. 18B show viewing angle dependence of brightness in
Example 2 and Comparative example 2, respectively, and
FIG. 18C and FIG. 18D show viewing angle dependence of
chromaticity in Example 2 and Comparative example 2,
respectively.

[0031] FIG. 19 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 20 nm and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the
conditions in the third simulation.

[0032] FIG. 20 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 19.

[0033] FIG. 21 shows parameters of Equation 1 in Example
3 and Comparative example 3.

[0034] FIG. 22A to FIG. 22D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 20A to FIG. 20D, FIG. 22A and
FIG. 22B show viewing angle dependence of brightness in
Example 3 and Comparative example 3, respectively, and
FIG. 22C and FIG. 22D show viewing angle dependence of
chromaticity in Example 3 and Comparative example 3,
respectively.

[0035] FIG. 23A to FIG. 23D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 20A to FIG. 20D, FIG. 23A and
FIG. 23B show viewing angle dependence of brightness in
Example 3 and Comparative example 3, respectively, and
FIG. 23C and FIG. 23D show viewing angle dependence of
chromaticity in Example 3 and Comparative example 3,
respectively.

[0036] FIG. 24A to FIG. 24D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 20A to FIG. 20D, FIG. 24A and
FIG. 24B show viewing angle dependence of brightness in
Example 3 and Comparative example 3, respectively, and
FIG. 24C and FIG. 24D show viewing angle dependence of
chromaticity in Example 3 and Comparative example 3,
respectively.

[0037] FIG. 25 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 20 nm, setting the film thickness of the
hole injection layer to 5 nm, and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the
conditions in the fourth simulation.
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[0038] FIG. 26 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 25.

[0039] FIG.27 shows parameters of Equation 1 in Example
4 and Comparative example 4.

[0040] FIG. 28A to FIG. 28D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 26A to FIG. 26D, FIG. 28A and
FIG. 28B show viewing angle dependence of brightness in
Example 4 and Comparative example 4, respectively, and
FIG. 28C and FIG. 28D show viewing angle dependence of
chromaticity in Example 4 and Comparative example 4,
respectively.

[0041] FIG. 29A to FIG. 29D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 26A to FIG. 26D, FIG. 29A and
FIG. 29B show viewing angle dependence of brightness in
Example 4 and Comparative example 4, respectively, and
FIG. 29C and FIG. 29D show viewing angle dependence of
chromaticity in Example 4 and Comparative example 4,
respectively.

[0042] FIG. 30A to FIG. 30D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 26A to FIG. 26D, FIG. 30A and
FIG. 30B show viewing angle dependence of brightness in
Example 4 and Comparative example 4, respectively, and
FIG. 30C and FIG. 30D show viewing angle dependence of
chromaticity in Example 4 and Comparative example 4,
respectively.

[0043] FIG. 31 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 20 nm, setting the film thickness of the
hole injection layer to 5 nm, and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the
conditions in the fifth simulation.

[0044] FIG. 32 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 31.

[0045] FIG. 33 shows parameters of Equation 1 in Example
5 and Comparative example 5.

[0046] FIG. 34A to FIG. 34D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 32A to FIG. 32D, FIG. 34A and
FIG. 34B show viewing angle dependence of brightness in
Example 5 and Comparative example 5, respectively, and
FIG. 34C and FIG. 34D show viewing angle dependence of
chromaticity in Example 5 and Comparative example 5,
respectively.

[0047] FIG. 35A to FIG. 35D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 32A to FIG. 32D, FIG. 35A and
FIG. 35B show viewing angle dependence of brightness in
Example 5 and Comparative example 5, respectively, and
FIG. 35C and FIG. 35D show viewing angle dependence of
chromaticity in Example 5 and Comparative example 5,
respectively.

[0048] FIG. 36A to FIG. 36D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 32A to FIG. 32D, FIG. 36A and
FIG. 36B show viewing angle dependence of brightness in
Example 5 and Comparative example 5, respectively, and
FIG. 36C and FIG. 36D show viewing angle dependence of
chromaticity in Example 5 and Comparative example 5,
respectively.
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[0049] FIG. 37 is a list of film thickness of the functional
layer of each of the R, G, and B colors obtained in the first to
fifth simulations.

[0050] FIG. 38 is a list of difference in film thickness of the
functional layers of between the R and G colors, between the
G and B colors, and between the R and B colors obtained in
the first to fifth simulations.

[0051] FIG. 39 shows an external view of a display device
according to the embodiment of the present invention.
[0052] FIG. 40 shows a functional block for the display
device according to the embodiment of the present invention.
[0053] FIG. 41A to FIG. 41D show a method of manufac-
turing an organic EL panel according to the embodiment of
the present invention.

[0054] FIG. 42A to FIG. 42C show the method of manu-
facturing the organic EL panel according to the embodiment
of the present invention.

DETAILED EMBODIMENTS

Process by which Aspects of the Present Invention
was Achieved

[0055] Before concretely describing aspects of the present
invention, the following describes the process by which the
aspects of the present invention were achieved.

[0056] The following method for film thickness calculation
has been used in conventional general arts of optical design.
Firstly, a film thickness of each of layers constituting a func-
tional layer is temporarily determined such that stable film
formation is realized. Then, a film thickness, which is at the
neighborhood of the temporarily determined film thickness
and corresponds to a local maximum of light-emitting effi-
ciency, is calculated through simulations. Also, in order to
realize stable film formation, the functional layer is consid-
ered to have a film thickness of more than 100 nm with the
recognition that each of the layers constituting the functional
layer needs to have a certain film thickness. Accordingly,
conventional general technical expertise in the art shows that
the functional layer has an optimal film thickness of more
than 100 nm. In fact, Patent Literature 1 describes that respec-
tive functional layers of the R, G, and B colors have an
optimal film thickness of 245 nm, an optimal film thickness of
563 nm, and an optimal film thickness of 503 nm, respec-
tively.

[0057] The present inventors applied a hole transport layer
having a film thickness of 100 nm or more as a functional
layer, and performed simulations with respect to variation of
light-emitting efficiency when varying the film thickness of
the functional layer.

[0058] Results of the simulations are shown in FIG. 1. FIG.
1 shows variation of light-emitting efficiency in cd/A when
setting the film thickness of the transparent conductive layer
to 20 nm and varying the film thickness of the hole transport
layer from 100 nm to 600 nm. The present inventors proved
based on FIG. 1 that the light-emitting efficiency varies peri-
odically with respect to the variation of the film thickness of
the functional layer, and furthermore proved that as the film
thickness of the functional layer increases, the light-emitting
efficiency for each of the R, G, and B colors decreases and the
difference in film thickness of the respective functional layers
between the R, G, and B colors increases, each which corre-
spond to a local maximum of light-emitting efficiency (indi-
cated by arrows of solid lines in FIG. 1).
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[0059] As shown in FIG. 1, there exists a wave in which
when the local maximum of light-emitting efficiency is
exhibited, the difference in film thickness of the respective
hole transport layers between the R, G, and B colors is the
smallest (the hole transport layers each have a film thickness
of 100 nm to 250 nm). After consideration in light of the
results of the simulations, the present inventors assumed that
there exists an unknown wave shape (indicated by an arrow of
dashed lines in FIG. 1) in which when a further higher light-
emitting efficiency than the local maximum of light-emitting
efficiency is exhibited, the difference in film thickness of the
respective hole transport layers between the R, G, and B
colors is further smaller than the smallest.

[0060] As aresult, the present inventors determined to per-
form further simulations with respect to a range of 100 nm or
less, which is considered to be a range that a person skilled in
the art will hesitate to perform active consideration, without
sticking to the conventional technical expertise.

[0061] As a result of the further simulations, the present
inventors proved, as shown in FIG. 2, that a large local maxi-
mum of light-emitting efficiency appears in the range of the
film thickness of'the functional layer of 60 nm or less, and this
large local maximum of light-emitting efficiency is the actual
highest light-emitting efficiency. Moreover, the present
inventors proved that as long as the functional layers each
have a film thickness within this range, the difference in film
thickness of the respective hole transport layers between the
R, G, and B colors is the actual smallest, and the respective
hole transport layers of the R, G, and B colors have substan-
tially the same film thickness.

[0062] The present inventors achieved the structure of the
organic EL panel that is the one aspect of the present inven-
tion after the expertises and considerations as described
above.

Outline of Aspects of the Present Invention

[0063] The first aspect of the present invention provides an
organic EL panel, comprising: first electrodes that reflect
incident light; a second electrode that faces the first elec-
trodes, and transmits incident light therethrough; an organic
light-emitting layer of each of R (red), G (green), and B (blue)
colors that is disposed between a corresponding one of the
first electrodes and the second electrode, and emits light of a
corresponding color due to voltage application between the
corresponding first electrode and the second electrode; a
functional layer of each of the R, G, and B colors that is
composed of one or more layers, and is disposed between a
corresponding one of the first electrodes and the organic
light-emitting layer of a corresponding color, wherein a first
portion of light of each of the R, G, and B colors emitted from
the organic light-emitting layer of the corresponding color
travels through the second electrode instead of towards the
corresponding first electrode, and is emitted externally after
passing through the second electrode, a second portion of the
light of each of the R, G, and B colors travels through the
functional layer of the corresponding color towards the cor-
responding first electrode, strikes and is reflected by the cor-
responding first electrode, and is emitted externally after
passing through the functional layer of the corresponding
color, the organic light-emitting layer of the corresponding
color, and the second electrode, the respective functional
layers of the R, G, and B colors have substantially a same film
thickness of 60 nm or less and corresponds to a local maxi-
mum of light-emitting efficiency of the corresponding color,
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and respective optical distances between the respective
organic light-emitting layers of the R, G, and B colors and the
respective first electrodes are each 100 nm or less and are
substantially equal to each other.

[0064] With the above structure, the film thickness of the
functional layer provided between the organic light-emitting
layer and the first electrode is adjusted so as to correspond to
a local maximum of light-emitting efficiency. This increases
the light-extraction efficiency for each of the R, G, and B
colors. Furthermore, the respective functional layers of the R,
G, and B colors have substantially the same film thickness,
and accordingly the film thickness is simply performed for
each of the R, G, and B colors compared with conventional
arts.

[0065] Also, the respective functional layers of the R, G,
and B colors may be composed of transparent conductive
layers of the R, G, and B colors formed on the respective first
electrodes, and hole transport layers of the R, G, and B colors
formed on the respective transparent conductive layers,
respectively.

[0066] With the above structure, the functional layer
includes only two layers. Accordingly, under the restrictions
that the film thickness of the functional layer needs to be 60
nm or less, each of the two layers can have a certain degree of
film thickness. This leads to stable formation of each of the
layers.

[0067] Also, therespectiveholetransport layers of the R, G,
and B colors may have substantially a same film thickness,
and the respective transparent conductive layers of the R, G,
and B colors may have a same film thickness.

[0068] With the above structure, it is possible to finely
adjust the film thickness of the functional layer by finely
adjusting the film thickness of the hole transport layer for
eachofthe R, G, and B colors. The above structure is effective
especially in a case where the transparent conductive layers
are formed by vapor deposition or sputtering with which fine
adjustment on the film thickness for each of the R, G, and B
colors is difficult, and the hole transport layers are formed by
the inkjet method with which fine adjustment on the film
thickness for of the R, G, and B colors is simple.

[0069] Also, therespective hole transport layers of the R, G,
and B colors may each have a different film thickness, and the
respective transparent conductive layers of the R, G, and B
colors may have a same film thickness.

[0070] With the above structure, in order to further improve
optical characteristics, it is possible to form the respective
functional layers of the R, G, and B colors so as to each have
adifferent film thickness within substantially the same range.
The respective transparent conductive layers of the R, G, and
B colors have the same film thickness and the respective hole
transport layers of the R, G, and B colors each have a different
thickness based on the assumptions that while the transparent
conductive layers are formed by vapor deposition or sputter-
ing, the hole transport layers are formed by the inkjet method.
According to the inkjet method, only by adjusting the number
of drops of ink to drop, it is possible to adjust the film thick-
ness of the hole transport layer of each of the R, G, and B
colors. This leads to simple adjustment of film thickness for
each of the R, G, and B colors compared with the vapor
deposition and sputtering. For this reason, by forming the
respective hole transport layers of the R, G, and B colors to
each have a different film thickness, it is possible to perform
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fine adjustment of the film thicknesses of the functional layers
with simplicity and accuracy, thereby further improving the
optical characteristics.

[0071] Also, therespective hole transportlayers of the R, G,
and B colors may have a film thickness of 13 nm to 30 nm, a
film thickness of 12 nm to 21 nm, and a film thickness of 10
nm to 15 nm, respectively and the respective transparent
conductive layers of the R, G, and B colors may each have a
film thickness of 15 nm to 20 nm.

[0072] With the above structure, it is possible to realize
simple adjustment of film thickness while increasing the
light-extraction efficiency.

[0073] Also, therespective hole transportlayers of the R, G,
and B colors may each have a function of injecting holes into
the organic light-emitting layer of the corresponding color, in
addition to a function of transporting the holes.

[0074] With the above structure, even in the case where the
functional layer includes only two layers, it is possible to
improve the hole injection properties.

[0075] Also, the respective functional layers of the R, G,
and B colors may be composed of transparent conductive
layers ofthe R, G, and B colors formed on the respective first
electrodes, hole injection layers of the R, G, and B colors
formed on the respective transparent conductive layers of the
R, G, and B colors, and hole transport layers of the R, G, and
B colors formed on the respective hole injection layer of the
R, G, and B colors, respectively.

[0076] With the above structure, it is possible to improve
the hole injection properties compared with the case where
the functional layer includes the transparent conductive layer
and the hole transport layer.

[0077] Also, therespective hole transportlayers of the R, G,
and B colors may have substantially a same film thickness, the
respective transparent conductive layers of the R, G, and B
colors may have a same film thickness, and the respective hole
injection layers of the R, G, and B colors may have a same
film thickness.

[0078] With the above structure, it is possible to finely
adjust the film thickness of the functional layer by finely
adjusting the film thickness of the hole transport layer for
each ofthe R, G, and B colors. The above structure is effective
especially in a case where the transparent conductive layers
and the hole injection layers are formed by vapor deposition
or sputtering with which fine adjustment on the film thickness
for each of the R, G, and B colors is difficult, and the hole
transport layers are formed by the inkjet method with which
fine adjustment on the film thickness for each of the R, G, and
B colors is simple.

[0079] Also, therespective hole transport layers of the R, G,
and B colors may each have a different film thickness, the
respective transparent conductive layers of the R, G, and B
colors may have a same film thickness, and the respective hole
injection layers of the R, G, and B colors may have a same
film thickness.

[0080] With the above structure, in order to further improve
the optical characteristics, it is possible to form the respective
functional layers of the R, G, and B colors so as to each have
a different film thickness within substantially the same range.
The respective transparent conductive layers of R, G, and B
have the same film thickness, the respective hole injection
layers of R, G, and B have the same film thickness, and the
respective hole transport layers of R, G, and B each have a
different thickness based on the assumptions that while the
transparent conductive layers and the hole injection layers are
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formed by vapor deposition or sputtering, the hole transport
layers are formed by the inkjet method. According to the
inkjet method, only by adjusting the number of drops of ink to
drop, it is possible to adjust the film thickness of the hole
transport layer of each of the R, G, and B colors. This leads to
simple adjustment of film thickness for each of the R, G, and
B colors compared with the vapor deposition and sputtering.
For this reason, by forming the respective hole transport
layers of the R, G, and B colors to each have a different film
thickness, it is possible to perform fine adjustment of the film
thicknesses of the functional layers with simplicity and accu-
racy, thereby further improving the optical characteristics.
[0081] Also, the respective hole injection layers of the R, G,
and B colors may each have a film thickness of greater than 0
nm to 5 nm, the respective hole transport layers of the R, G,
and B colors may have a film thickness of 15 nm to 25 nm, a
film thickness of 9 nm to 16 nm, and a film thickness of 5 nm
to 9 nm, respectively, and the respective transparent conduc-
tive layers of the R, G, and B colors may each have a film
thickness of 15 nm to 20 nm.

[0082] With the above structure, it is possible to realize
simple adjustment of film thickness while increasing the
light-extraction efficiency.

[0083] Also, the respective functional layers of the R, G,
and B colors may have a film thickness of 28 nm to 50 nm, a
film thickness of 27 nm to 41 nm, and a film thickness of 26
nm to 35 mm, respectively.

[0084] With the above structure, it is possible to realize
simple adjustment of film thickness while increasing the
light-extraction efficiency.

[0085] The second aspect of the present invention provides
an organic EL panel, comprising: first electrodes that reflect
incident light; a second electrode that faces the first elec-
trodes, and transmits incident light therethrough; an organic
light-emitting layer of each of R (red), G (green), and B (blue)
colors that is disposed between a corresponding one of the
first electrodes and the second electrode, and emits light of a
corresponding color due to voltage application between the
corresponding first electrode and the second electrode; a
functional layer of each of the R, G, and B colors that is
composed of one or more layers, and is disposed between a
corresponding one of the first electrodes and the organic
light-emitting layer of a corresponding color, wherein a first
portion of light of each of the R, G, and B colors emitted from
the organic light-emitting layer of the corresponding color
travels through the second electrode instead of towards the
corresponding first electrode, and is emitted externally after
passing through the second electrode, a second portion of the
light of each of the R, G, and B colors travels through the
functional layer of the corresponding color towards the cor-
responding first electrode, strikes and is reflected by the cor-
responding first electrode, and is emitted externally after
passing through the functional layer of the corresponding
color, the organic light-emitting layer of the corresponding
color and the second electrode, the respective functional lay-
ers of the R, G, and B colors each have a different film
thickness of 26 nm to 50 nm that corresponds to a local
maximum of light-emitting efficiency and predetermined
chromaticity of the corresponding color, the respective func-
tional layers of the R, G, and B colors differ in film thickness
by 1 nm to 16 nm between the R and G colors, between the G
and B colors, and between the R and B colors, the respective
organic light-emitting layers of the R, G, and B colors each
have an optical distance of 49 nm to 90 nm from the corre-
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sponding first electrode, and, the respective functional layers
of the R, G, and B colors differ in optical distance from the
respective first electrodes by O nm to 25 nm between the R and
G colors, between the G and B colors, and between the R and
B colors.

[0086] With the above structure, the film thickness of the
functional layer provided between the organic light-emitting
layer and the first electrode is adjusted so as to correspond to
a local maximum of light-emitting efficiency. This increases
the light-extraction efficiency with respect to each ofthe R, G,
and B colors. Furthermore, the respective functional layers of
the R, G, and B colors have substantially the same film thick-
ness, and accordingly the film thickness is simply performed
foreach of the R, G, and B colors compared with conventional
arts.

[0087] The third aspect of the present invention provides a
display device comprising the organic EL panel and a drive
circuit that applies voltage between each of the first electrodes
and the second electrode.

[0088] The fourth aspect of the present invention provides
a method of manufacturing an organic EL panel, comprising:
a first step of preparing first electrodes that reflect incident
light; a second step of disposing a functional layer of each of
R (red), G (green), and B (blue) colors, which is composed of
one or more layers, on a corresponding one of the first elec-
trodes; a third step of an organic light-emitting layer of each
ofthe R, G, and B colors, which emits light of'a corresponding
color, on the functional layer of a corresponding color; and a
fourth step of disposing a second electrode, which transmits
incident light therethrough, above the respective first elec-
trodes with the organic light-emitting layers of the R, G, and
B colors being interposed therebetween, wherein in the sec-
ond step, the respective functional layers of the R, G, and B
colors are formed so as to have substantially a same film
thickness of 60 nm or less that corresponds to a local maxi-
mum of light-emitting efficiency of the corresponding color,
and respective optical distances between the respective
organic light-emitting layers of the R, G, and B colors and the
respective first electrodes are each 100 nm or less and are
substantially equal to each other.

[0089] With the above structure, it is possible to manufac-
ture the organic EL panel according to the above first aspect.

[0090] The fifth aspect of the present invention provides a
method of manufacturing an organic EL panel, comprising: a
first step of preparing first electrodes that reflect incident
light; a second step of disposing a functional layer of each of
R (red), G (green), and B (blue) colors, which is composed of
one or more layers, on a corresponding one of the first elec-
trodes; a third step of an organic light-emitting layer of each
ofthe R, G, and B colors, which emits light of'a corresponding
color, on the functional layer of a corresponding color; and a
fourth step of disposing a second electrode, which transmits
incident light therethrough, above the respective first elec-
trodes with the organic light-emitting layers of the R, G, and
B colors being interposed therebetween, wherein in the sec-
ond step, the respective functional layers of the R, G, and B
colors are formed so as to differ in film thickness by 1 nm to
16 nm between the R and G colors, between the G and B
colors, and between the R and B colors, the respective organic
light-emitting layers of the R, G, and B colors each have an
optical distance of 49 nm to 90 nm from the corresponding
first electrode, and the respective functional layers of the R,
G, and B colors differ in optical distance from the respective
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first electrodes by 0 nm to 25 nm between the R and G colors,
between the G and B colors, and between the R and B colors.

[0091] With the above structure, it is possible to manufac-
ture the organic EL panel according to the above second
aspect.

[0092] Inthe present specification, the “film thickness cor-

responding to a local maximum of light-emitting efficiency”
indicates a film thickness within a range of £10% of a film
thickness corresponding to a local maximum of light-emit-
ting efficiency. Also, the “substantially the same for the R, G,
and B colors” indicates that the following conditions (1) to (3)
are satisfied, and the “same for the R, G, and B colors”
indicates that the following conditions (1) and (2) are satis-
fied:

[0093] (1) the respective functional layers of the R, G, and
B colors have the same designed value of film thickness and
have the same measured value of film thickness;

[0094] (2) the respective functional layers of the R, G, and
B colors have the same designed value of film thickness, and
each have a different measured value of film thickness within
a manufacturing error range (+5 nm per layer); and

[0095] (3) the respective functional layers of the R, G, and
B colors each have a different designed value of film thick-
ness under the conditions that the allowable ranges of differ-
ence in brightness and chromaticity are satisfied.

[0096] Furthermore, in the present specification, specific
numerical values of film thickness are each a designed value.
Accordingly, there is a case where the respective functional
layers of the R, G, and B colors each have a different mea-
sured value of film thickness within a manufacturing error
range (x5 nm per layer).

[Pixel Structure of Organic EL Panel]

[0097] FIG. 3 is a cross-sectional diagram schematically
showing the pixel structure of an organic EL panel according
to an embodiment of the present invention. The organic EL
panel has R (red), G (green), and B (blue) pixels arranged
regularly in a matrix of rows and columns. Each pixel is
formed by an organic EL element with use of an organic
material.

[0098] The blue organic EL element includes a substrate 1,
a reflective electrode 3, a transparent conductive layer 4, a
hole transport layer 6, an organic light-emitting layer 75, an
electron transport layer 8, a transparent electrode 9, a thin-
film passivation layer 10, a resin passivation layer 11, and a
color filter (CF) 125. The organic light-emitting layer 75 is
provided between the reflective electrode 3 and the transpar-
ent electrode 9. Also in this example, the transparent conduc-
tive layer 4 and the hole transport layer 6 are provided
between the reflective electrode 3 and the organic light-emit-
ting layer 75 (hereinafter, at least one layer provided between
the reflective electrode and the organic light-emitting layer is
referred to as a “functional layer”).

[0099] The green organic EL element has the same struc-
ture as the blue organic EL element, except for an organic
light-emitting layer 7g and a color filter 12g. The red organic
EL element also has the same structure as the blue organic EL
element, except for an organic light-emitting layer 7» and a
color filter 127 In this example, the substrate 1, the electron
transport layer 8, the transparent electrode 9, the thin-film
passivation layer 10, and the resin passivation layer 11 are
shared by the respective organic light-emitting elements of
the R, G, and B colors, whereas other layers are partitioned by
banks 2.
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[0100] Also, in the organic EL element of each of the R, G,
and B colors, a cavity structure is realized by providing the
corresponding reflective electrode 3. Two optical paths are
formed in the organic EL element. One is a first optical path,
in which a portion of light emitted from the organic light-
emitting layer 7 travels through the transparent electrode 9
instead of towards the reflective electrode 3, and then is emit-
ted externally after passing through the transparent electrode
9. The other is a second optical path, in which a remaining
portion of the light emitted from the organic light-emitting
layer 7 travels through the functional layer towards the reflec-
tive electrode 3, strikes and is reflected by the reflective elec-
trode 3, and then is emitted externally after passing through
the functional layer, the organic light-emitting layer 7, and the
transparent electrode 9. Light-extraction efficiency of the
organic EL element is increased by adjusting the distance
between each of the organic light-emitting layers 75, 7g, and
7r and the reflective electrode 3 such that direct light traveling
the first optical path and reflective light traveling the second
optical path strengthen each other through the interference
effect. The distance can be adjusted by adjusting the thickness
of the functional layer.

[0101] Specifically, the film thicknesses of the respective
functional layers of the R, G, and B colors are each set to be
60 nm or less such that a local maximum of light-emitting
efficiency for a corresponding color is exhibited, and are also
adjusted so as to be substantially equal to each other. Also, the
optical distances between the respective organic light-emit-
ting layers 7 of the R, G, and B colors and the respective
reflective electrodes 3 are each 100 nm or less, and are also
adjusted so as to be substantially equal to each other. Note that
for a single layer structure, the optical distance is the product
ofa film thickness and a refractive index, and for a multilayer
structure with two or more layers, the optical distance is the
sum of the product of the film thickness and the refractive
index for each layer.

[0102] As shown in FIG. 4, the organic EL element of each
of'the R, G, and B colors may have the structure in which the
hole injection layer 5 is inserted between the transparent
conductive layer 4 and the hole transport layer 6. In this
example, the functional layer has a three-layer structure of the
transparent conductive layer 4, the hole injection layer 5, and
the hole transport layer 6. Alternatively, the organic EL ele-
ment of each of the R, G, and B colors having the structure
shown in FIG. 3 may include the hole transport layer 6 having
a hole injection function.

[0103] The following describes five types of simulations on
the film thickness of the functional layer of each of the R, G,
and B colors, and then describes the optimal range of film
thickness of the functional layer resulting from these simula-
tions.

[First Simulation]
<Conditions>

[0104] In the first simulation, a functional layer has a two-
layer structure of a transparent conductive layer and a hole
transport layer. Also, the transparent conductive layer is
formed from ITO (Indium Tin Oxide), the hole transport layer
is formed from an organic material, a reflective electrode is
formed from silver, and respective organic light emitting lay-
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ers of the R, G, and B colors are formed from RP158,
GP1200, and BP105 manufactured by Sumation Co., Ltd.
respectively.

<Light-Emitting Efficiency and Simplicity of Film Thickness
Adjustment>

[0105] FIG. 5 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 20 nm and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the above
conditions. As shown in FIG. 5, by varying the film thickness
of'the hole transport layer, the light-emitting efficiency varies
periodically due to light interference phenomenon. FIG. 5
also shows that the light-emitting efficiency for each of the R,
G, and B colors reaches four local maximum values when the
hole transport layer has a film thickness within a range of 0
nm to 600 nm.

[0106] FIG. 6 shows variation of chromaticity for each of
the R, G, and B colors when varying the film thickness of the
hole transport layer from 0 nm to 600 nm under the same
conditions as those in FIG. 5. In an organic EL element, a film
thickness corresponding to a local maximum of light-emit-
ting efficiency is not necessarily equal to a film thickness
corresponding to an optimal chromaticity (x,y) for each of the
R, G, and B colors. Accordingly, in consideration of the
chromaticity, the functional layer is adjusted so as to have a
film thickness at the neighborhood of the film thickness cor-
responding to a local maximum of light-emitting efficiency (a
range of +10% of the local maximum value).

[0107] Inthis way, by adjusting the functional layer so as to
have a film thickness at the neighborhood of a film thickness
corresponding to a local maximum of light-emitting effi-
ciency, it is possible to realize the cavity structure. In the
present description, cavity structures are referred to as the 1st
cavity, the 2nd cavity, the 3rd cavity, and the 4th cavity in
order of increasing the film thickness of the functional layer.
[0108] As shown in FIG. 5, the 1st cavity exhibits a higher
light-emitting efficiency than the 2nd cavity. Accordingly,
adoption of the 1st cavity leads to a higher light-emitting
efficiency of organic EL elements compared with adoption of
the 2nd cavity.

[0109] FIG. 5 also shows that the 1st cavity exhibits a local
maximum of light-emitting efficiency for each of the R, G,
and B colors when the hole transport layer of each of the R, G,
and B colors has a film thickness within a narrow range of 0
nm to 40 nm (the functional layer has a film thickness within
arange of 0 nm to 60 nm). Compared with this, the 2nd cavity
exhibits a local maximum of light-emitting efficiency for
each of the R, G, and B colors when the hole transport layer of
each of the R, G, and B colors has a film thickness within a
wide range of 100 nm to 250 nm. Accordingly, with adoption
of'the 1st cavity for the respective organic EL elements of the
R, G, and B colors, it is much less necessary to separately
manufacture respective hole transport layers of the R, G, and
B colors, compared with adoption of the 2nd cavity. This
simplifies the film thickness adjustment during the manufac-
turing process.

[0110] FIG. 7 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 5.

[0111] InExample 1 (the 1stcavity), respective transparent
conductive layers of the R, G, and B colors each have a film
thickness of 20 nm in common, respective hole transport
layers ofthe R, G, and B colors have a film thickness 0f 25 nm,
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a film thickness of 15 nm, and a film thickness of 10 nm,
respectively. The chromaticity for each of the R, G, and B
colors is adjusted so as to fall within an appropriate range with
use of the CF (color filter).

[0112] Here, the respective light-emitting efficiencies for
the R, G, and B colors are 2.1 cd/A, 4.9 cd/A , and 0.49 cd/A,
respectively. Also, respective functional layers of the R, G,
and B colors have tolerable limits of difference in film thick-
ness of =15 to +10 nm, tolerable limits of difference in film
thickness of =15 to +7 nm, and tolerable limits of difference
in film thickness of =20 to +8 nm, respectively. Furthermore,
the respective functional layers of the R, G, and B colors have
atolerable margin width of 25 nm, a tolerable margin width of
22 nm, and a tolerable margin width of 28 nm, respectively.
The “tolerable limits of difference in film thickness” indicate
the tolerable limits of difference in film thickness of the
functional layer from the optimal value under the conditions
that allowable ranges shown in FIG. 8 are satisfied. FIG. 8
shows the following allowable ranges of;

[0113] (1) 20% or lower variation of light-emitting effi-
ciency at a surface of the organic EL panel;

[0114] (2) variation of chromaticity of x 0f 0.04 or less and
y 0f 0.04 or less at the surface of the organic EL panel;
[0115] (3) a brightness of 90% or higher at a viewing angle
0f30° withrespect to a brightness at a viewing angle of 0° and
a brightness of 80% or higher at a viewing angle of 45° with
respect to a brightness at a viewing angle of 0°; and

[0116] (4)difference in chromaticity ofx 0f0.04 orless and
y 0f0.04 or less between a viewing angle of 50° and a viewing
angle of 0°.

[0117] Asthetolerable limits of difference in film thickness
increases, an allowable range of manufacturing error
increases with respect to the film thickness of the functional
layer. This simplifies the adjustment of the film thickness of
the functional layer during the manufacturing process. The
“tolerable margin width” indicates a difference between the
upper limit and the lower limit in the tolerable limits of
difference in film thickness (for example, the R functional
layer in Example 1 has a tolerable margin width of 25, which
is the difference between the upper limit of +10 and the lower
limit of -15).

[0118] In Comparative example 1 (the 2nd cavity), respec-
tive transparent conductive layers of the R, G, and B colors
each have a film thickness of 20 nm in common, respective
hole transport layers of the R, G, and B colors have a film
thickness of 220 nm, a film thickness of 172 nm, and a film
thickness of 155 nm, respectively. The chromaticity for each
of the R, G, and B colors is adjusted so as to fall within an
appropriate range with use of the color filter.

[0119] Here, respective light-emitting efficiencies for the
R, G, and B colors are 1.4 cd/A, 4.2 ¢d/A, and 0.23 cd/A,
respectively. Also, respective functional layers of the R, G,
and B colors have tolerable limits of difference in film thick-
ness of -8 to +6 nm, tolerable limits of difference in film
thickness of —(below the standard) nm, and tolerable limits of
difference in film thickness of =10 to +7 nm, respectively.
Furthermore, the respective functional layers of the R, G, and
B colors have a tolerable margin width of 14 nm, a tolerable
margin width of 0 nm, and a tolerable margin width of 17 nm,
respectively.

[0120] The comparison of Example 1 and Comparative
example 1 demonstrates that Example 1 is more excellent in
both light-emitting efficiency and simplicity of film thickness
adjustment than Comparative example 1.
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[0121] Also, the following is derived with use of a general
method of analyzing the cavity structure. In the cavity struc-
ture, the following Equation 1 is satisfied by an optical dis-
tance L in nm between the reflective electrode 3 and each of
the organic light-emitting layers 75, 7g, and 77, a cavity wave-
length A in nm, and a phase shift ® in radians.

[Equation 1]

[0122] The phase shift @ in the reflective electrode 3 is
calculated from the following Equation 2.

2n1k, [Equation 2]
@ =tan! ( 7]
ni —n§ -k

[0123] Here, n, represents a refractive index of the trans-
parent conductive layer 4, n, represents a refractive index of
the reflective electrode 3, and k, represents an extinction
coeflicient of the reflective electrode 3.

[0124] As shown in FIG. 9, a right member m in Equation
1 is an integer in Example 1 and Comparative example 1.
Here, resonance wavelengths A of the respective organic EL
elements of the R, G, and B colors are 638 nm, 535 nm, and
468 nm, respectively. Also, in consideration that the func-
tional layer has a tolerable margin width of the film thickness
of 20 nm or more in Example 1, the right member m in
Equation 1 does not need to be an integer, like Example 1'
shown in FIG. 9.

<Viewing Angle Characteristics>
(Green)

[0125] FIG. 10A to FIG. 10D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 7A to FIG. 7D.FIG. 10A and FIG.
10B show viewing angle dependence of brightness in
Example 1 and Comparative example 1, respectively. Accord-
ing to these figures, in Example 1, a viewing angle of 30°
corresponds to a brightness of around 100%, and a viewing
angle of 45° corresponds to a brightness of around 95% (with
the CF). Compared with this, in Comparative example 1, a
viewing angle of 30° corresponds to a brightness of around
95%, and a viewing angle of 45° corresponds to a brightness
of around 80% (with the CF). This demonstrates that both
Example 1 and Comparative example 1 satisfy the allowable
ranges shown in FIG. 8. Note that Example 1 exhibits a lower
viewing angle dependence of brightness than Comparative
example 1, and is accordingly more excellent in viewing
angle characteristics than Comparative example 1.

[0126] FIG.10C and FIG. 10D show viewing angle depen-
dence of chromaticity in Example 1 and Comparative
example 1, respectively. According to these figures, in
Example 1, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.005 and Ay of
approximately 0.005 (with the CF). Here, Ax is the absolute
value of ACIE with respect to x, and Ay is the absolute value
of ACIE with respect to y. Compared with this, in Compara-
tive example 1, a viewing angle of 50° corresponds to a
chromaticity variation of Ax of approximately 0.038 and Ay
of approximately 0.025 (with the CF). This demonstrates that
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both Example 1 and Comparative example 1 satisfy the allow-
able ranges shown in FIG. 8. Note that Example 1 exhibits a
lower viewing angle dependence of chromaticity than Com-
parative example 1, and is accordingly more excellent in
viewing angle characteristics than Comparative example 1.

(Red)

[0127] FIG. 11A to FIG. 11D explain viewing angle char-
acteristics of an R organic EL element under the same con-
ditions as those in FIG. 7A to FIG. 7D. FIG. 11A and FIG.
11B show viewing angle dependence of brightness in
Example 1 and Comparative example 1, respectively. Accord-
ing to these figures, in Example 1, a viewing angle of 30°
corresponds to a brightness of around 100%, and a viewing
angle of 45° corresponds to a brightness of around 95% (with
the CF). Compared with this, in Comparative example 1, a
viewing angle of 30° corresponds to a brightness of around
110%, and a viewing angle of 45° corresponds to a brightness
of around 102% (with the CF). This demonstrates that both
Example 1 and Comparative example 1 satisfy the allowable
ranges shown in FIG. 8. Note that Example 1 exhibits a lower
viewing angle dependence of brightness than Comparative
example 1, and is accordingly more excellent in viewing
angle characteristics than Comparative example 1.

[0128] FIG.11C and FIG. 11D show viewing angle depen-
dence of chromaticity in Example 1 and Comparative
example 1, respectively. According to these figures, in
Example 1, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.012 and Ay of
approximately 0.013 (with the CF). Compared with this, in
Comparative example 1, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.023 and
Ay of approximately 0.025 (with the CF). This demonstrates
that both Example 1 and Comparative example 1 satisfy the
allowable ranges shown in FIG. 8. However, Example 1
exhibits a lower viewing angle dependence of chromaticity
than Comparative example 1, and is accordingly more excel-
lent in viewing angle characteristics than Comparative
example 1.

(Blue)

[0129] FIG. 12A to FIG. 12D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 7A to FIG. 7D. FIG. 12A and FIG.
12B show viewing angle dependence of brightness in
Example 1 and Comparative example 1, respectively. Accord-
ing to these figures, in Example 1, a viewing angle of 30°
corresponds to a brightness of around 100%, and a viewing
angle of 45° corresponds to a brightness of around 95% (with
the CF). Compared with this, in Comparative example 1, a
viewing angle of 30° corresponds to a brightness of around
110%, and a viewing angle of 45° corresponds to a brightness
of around 117% (with the CF). This demonstrates that both
Example 1 and Comparative example 1 satisfy the allowable
ranges shown in FIG. 8. Note that Example 1 exhibits a lower
viewing angle dependence of brightness than Comparative
example 1, and is accordingly more excellent in viewing
angle characteristics than Comparative example 1.

[0130] FIG.12C and FIG. 12D show viewing angle depen-
dence of chromaticity in Example 1 and Comparative
example 1, respectively. According to these figures, in
Example 1, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of substantially 0 and Ay of substantially
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0 (with the CF). Compared with this, in Comparative example
1, aviewing angle of 50° corresponds to a chromaticity varia-
tion of Ax of approximately 0.005 and Ay of approximately
0.01 (with the CF). This demonstrates that both Example 1
and Comparative example 1 satisfy the allowable ranges
shown in FIG. 8. Note that Example 1 exhibits a lower view-
ing angle dependence of chromaticity than Comparative
example 1, and is accordingly more excellent in viewing
angle characteristics than Comparative example 1.

[0131] Therefore, Example 1 is more excellent in viewing
angle characteristics than Comparative example 1 with
respect to the respective organic EL elements of the R, G, and
B colors. Especially, with respect to the G (green) organic EL
element, Example 1 is more excellent in viewing angle char-
acteristics than Comparative example 1 for the following
reasons. Comparative example 1 barely satisfies the allow-
able ranges shown in FIG. 8, and accordingly the film thick-
ness margin of the functional layer cannot be reserved. On the
other hand, Example 1 easily satisfies the allowable range
shown in FIG. 8, and accordingly the film thickness margin of
the functional layer can be reserved.

[Second Simulation]
<Conditions>

[0132] In the second simulation, a functional layer and
materials for layers constituting the functional layer are the
same as those in the first simulation.

<Light-Emitting Efficiency and Simplicity of Film Thickness
Adjustment>

[0133] FIG. 13 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 15 nm and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the above
conditions. As shown in FIG. 13, the 1st cavity exhibits a
higher light-emitting efficiency than the 2nd cavity. Accord-
ingly, adoption of the 1st cavity leads to a higher light-emit-
ting efficiency of organic EL elements compared with adop-
tion of the 2nd cavity. FIG. 13 also shows that the 1st cavity
exhibits a local maximum of light-emitting efficiency for
each ofthe R, G, and B colors when the hole transport layer of
each of the R, G, and B colors has a film thickness within a
narrow range of 0 nm to 45 nm (the functional layer has a film
thickness within a range of 0 nm to 60 nm). Compared with
this, the 2nd cavity exhibits a local maximum of light-emit-
ting efficiency for each of the R, G, and B colors when the
hole transport layer of each ofthe R, G, and B colors has a film
thickness within a wide range of 100 nm to 250 nm. Accord-
ingly, with adoption of the 1st cavity for the respective
organic EL elements of the R, G, and B colors, it is much less
necessary to separately manufacture respective hole transport
layers of the R, G, and B colors, compared with adoption of
the 2nd cavity. This simplifies the film thickness adjustment
during the manufacturing process.

[0134] FIG. 14 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 13.

[0135] InExample 2 (the 1st cavity), respective transparent
conductive layers of the R, G, and B colors each have a film
thickness of 15 nm in common, respective hole transport
layers ofthe R, G, and B colors have a film thickness of 13 nm,
a film thickness of 12 nm, and a film thickness of 11 nm,
respectively. The chromaticity for each of the R, G, and B
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colors is adjusted so as to fall within an appropriate range with
use of the color filter. In Comparative example 2 (the 2nd
cavity), respective transparent conductive layers of the R, G,
and B colors each have a film thickness of 15 nm in common,
respective hole transport layers of the R, G, and B colors have
a film thickness of 195 nm, a film thickness of 170 nm, and a
film thickness of 148 nm, respectively. The chromaticity for
each of the R, G, and B colors is adjusted so as to fall within
an appropriate range with use of the color filter. The compari-
son of Example 2 and Comparative example 2 demonstrates
that Example 2 is more excellent in both light-emitting effi-
ciency and simplicity of film thickness adjustment than Com-
parative example 2.

[0136] Also, as shown in FIG. 15, a right member m in
Equation 1 is an integer in Example 2 and Comparative
example 2. Also, in consideration that the functional layer has
a margin width of the film thickness of approximately 20 nm
in Example 2, the right member m in Equation 1 does not need
to be an integer, like Example 2' shown in FIG. 15.

<Viewing Angle Characteristics>
(Green)

[0137] FIG. 16A to FIG. 16D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 14A to FIG. 14D. FIG. 16A and
FIG. 16B show viewing angle dependence of brightness in
Example 2 and Comparative example 2, respectively. Accord-
ing to these figures, in Example 2, a viewing angle of 30°
corresponds to a brightness of around 95%, and a viewing
angle of 45° corresponds to a brightness of around 90% (with
the CF). Compared with this, in Comparative example 2, a
viewing angle of 30° corresponds to a brightness of around
90%, and a viewing angle of 45° corresponds to a brightness
of around 78% (with the CF). This demonstrates that while
Example 2 satisfies the allowable ranges shown in FIG. 8,
Comparative example 2 does not satisfy the allowable ranges
shown in FIG. 8.

[0138] FIG.16C and FIG. 16D show viewing angle depen-
dence of chromaticity in Example 2 and Comparative
example 2, respectively. According to these figures, in
Example 2, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.007 and Ay of
approximately 0.007 (with the CF). Compared with this, in
Comparative example 2, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of greater than 0.04 and Ay
of approximately 0.023 (with the CF). This demonstrates that
while Example 2 satisfies the allowable ranges shown in FIG.
8, Comparative example 2 does not satisfy the allowable
ranges shown in FIG. 8.

(Red)

[0139] FIG. 17A to FIG. 17D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 14A to FIG. 14D. FIG. 17A and
FIG. 17B show viewing angle dependence of brightness in
Example 2 and Comparative example 2, respectively. Accord-
ing to these figures, in Example 2, a viewing angle of 30°
corresponds to a brightness of around 93%, and a viewing
angle 0f'45° corresponds to a brightness of around 87% (with
the CF). Compared with this, in Comparative example 2, a
viewing angle of 30° corresponds to a brightness of around
100%, and a viewing angle of 45° corresponds to a brightness
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of around 90% (with the CF). This demonstrates that both
Example 2 and Comparative example 2 satisfy the allowable
ranges shown in FIG. 8.

[0140] FIG.17C and FIG. 17D show viewing angle depen-
dence of chromaticity in Example 2 and Comparative
example 2, respectively. According to these figures, in
Example 2, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.002 and Ay of
approximately 0.002 (with the CF). Compared with this, in
Comparative example 2, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.007 and
Ay of approximately 0.007 (with the CF). This demonstrates
that both Example 2 and Comparative example 2 satisfy the
allowable ranges shown in FIG. 8. Note that Example 2 exhib-
its a lower viewing angle dependence of chromaticity than
Comparative example 2, and is accordingly more excellent in
viewing angle characteristics than Comparative example 2.

(Blue)

[0141] FIG. 18A to FIG. 18D explain viewing angle char-
acteristics of a B organic ELL element under the same condi-
tions as those in FIG. 14A to FIG. 14D. FIG. 18A and FIG.
18B show viewing angle dependence of brightness in
Example 2 and Comparative example 2, respectively. Accord-
ing to these figures, in Example 2, a viewing angle of 30°
corresponds to a brightness of around 98%, and a viewing
angle of 45° corresponds to a brightness of around 95% (with
the CF). Compared with this, in Comparative example 2, a
viewing angle of 30° corresponds to a brightness of around
100%, and a viewing angle of 45° corresponds to a brightness
of around 98% (with the CF). This demonstrates that both
Example 2 and Comparative example 2 satisfy the allowable
ranges shown in FIG. 8.

[0142] FIG. 18C and FIG. 18D show viewing angle depen-
dence of chromaticity in Example 2 and Comparative
example 2, respectively. According to these figures, in
Example 2, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of substantially O and Ay of approxi-
mately 0.004 (with the CF). Compared with this, in Compara-
tive example 2, a viewing angle of 50° corresponds to a
chromaticity variation of Ax of approximately 0.005 and Ay
of approximately 0.008 (with the CF). This demonstrates that
both Example 2 and Comparative example 2 satisfy the allow-
able ranges shown in FIG. 8. Note that Example 2 exhibits a
lower viewing angle dependence of chromaticity than Com-
parative example 2, and is accordingly more excellent in
viewing angle characteristics than Comparative example 2.
[0143] Therefore, Example 2 is more excellent in viewing
angle characteristics than Comparative example 2 with
respect to the respective organic EL elements of the R, G, and
B colors. Especially, with respect to the G (green) organic EL
element, Example 2 is more excellent in viewing angle char-
acteristics than Comparative example 2 because while
Example 2 satisfies the allowable ranges shown in FIG. 8,
Comparative example 2 does not satisfy the allowable ranges
shown in FIG. 8.

[Third Simulation]
<Conditions>

[0144] In the third simulation, a transparent conductive
layer is formed from IZO (Indium Zinc Oxide), and a reflec-
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tive electrode is formed from aluminum, and the structural
elements other than these are the same as those in the first
simulation.

<Light-Emitting Efficiency and Simplicity of Film Thickness
Adjustment>

[0145] FIG. 19 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 20 nm and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the above
conditions. As shown in FIG. 19, the 1st cavity exhibits a
higher light-emitting efficiency than the 2nd cavity. Accord-
ingly, adoption of the 1st cavity leads to a higher light-emit-
ting efficiency of organic EL elements compared with adop-
tion of the 2nd cavity. FIG. 19 also shows that the 1st cavity
exhibits a local maximum of light-emitting efficiency for
each ofthe R, G, and B colors when the hole transport layer of
each of the R, G, and B colors has a film thickness within a
narrow range of 0 nm to 40 nm (the functional layer has a film
thickness within a range of 0 nm to 60 nm). Compared with
this, the 2nd cavity exhibits a local maximum of light-emit-
ting efficiency for each of the R, G, and B colors when the
hole transport layer of each of the R, G, and B colors has a film
thickness within a wide range of 100 nm to 250 nm. Accord-
ingly, with adoption of the 1st cavity for the respective
organic EL elements of the R, G, and B colors, it is much less
necessary to separately manufacture respective hole transport
layers of the R, G, and B colors, compared with adoption of
the 2nd cavity. This simplifies the film thickness adjustment
during the manufacturing process.

[0146] FIG. 20 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 19.

[0147] InExample3 (the 1stcavity), respective transparent
conductive layers of the R, G, and B colors each have a film
thickness of 20 nm in common, respective hole transport
layers ofthe R, G, and B colors have a film thickness o 30 nm,
a film thickness of 21 nm, and a film thickness of 15 nm,
respectively. The chromaticity for each of the R, G, and B
colors is adjusted so as to fall within an appropriate range with
use of the color filter. In Comparative example 3 (the 2nd
cavity), respective transparent conductive layers of the R, G,
and B colors each have a film thickness of 20 nm in common,
respective hole transport layers of the R, G, and B colors have
a film thickness of 217 nm, a film thickness of 185 nm, and a
film thickness of 152 nm, respectively. The chromaticity for
each of the R, G, and B colors is adjusted so as to fall within
an appropriate range with use of the color filter. The compari-
son of Example 3 and Comparative example 3 demonstrates
that Example 3 is more excellent in both light-emitting effi-
ciency and simplicity of film thickness adjustment than Com-
parative example 3.

[0148] Also, as shown in FIG. 21, a right member m in
Equation 1 is an integer in Example 3 and Comparative
example 3. Also, in consideration that the functional layer has
a margin width of the film thickness of 20 nm or more in
Example 3, the right member m in Equation 1 does not need
to be an integer, as shown in Example 3' in FIG. 21.

<Viewing Angle Characteristics>
(Green)

[0149] FIG. 22A to FIG. 22D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
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conditions as those in FIG. 20A to FIG. 20D. FIG. 22A and
FIG. 22B show viewing angle dependence of brightness in
Example 3 and Comparative example 3, respectively. Accord-
ing to these figures, in Example 3, a viewing angle of 30°
corresponds to a brightness of around 100%, and a viewing
angle of 45° corresponds to a brightness of around 90% (with
the CF). Compared with this, in Comparative example 3, a
viewing angle of 30° corresponds to a brightness of around
97%, and a viewing angle of 45° corresponds to a brightness
of around 79% (with the CF). This demonstrates that while
Example 3 satisfies the allowable ranges shown in FIG. 8,
Comparative example 3 does not satisfy the allowable ranges
shown in FIG. 8.

[0150] FIG.22C and FIG. 22D show viewing angle depen-
dence of chromaticity in Example 3 and Comparative
example 3, respectively. According to these figures, in
Example 3, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.005 and Ay of
approximately 0.005 (with the CF). Compared with this, in
Comparative example 3, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.04 and
Ay of approximately 0.025 (with the CF). This demonstrates
that both Example 3 and Comparative example 3 satisfy the
allowable ranges shown in FIG. 8. Note that Example 3 exhib-
its a lower viewing angle dependence of chromaticity than
Comparative example 3, and is accordingly more excellent in
viewing angle characteristics than Comparative example 3.

(Red)

[0151] FIG. 23A to FIG. 23D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 20A to FIG. 20D. FIG. 23A and
FIG. 23B show viewing angle dependence of brightness in
Example 3 and Comparative example 3, respectively. Accord-
ing to these figures, in Example 3, a viewing angle of 30°
corresponds to a brightness of around 98%, and a viewing
angle of 45° corresponds to a brightness of around 90% (with
the CF). Compared with this, in Comparative example 3, a
viewing angle of 30° corresponds to a brightness of around
98%, and a viewing angle of 45° corresponds to a brightness
of around 80% (with the CF). This demonstrates that both
Example 3 and Comparative example 3 satisfy the allowable
ranges shown in FIG. 8. Note that Example 3 exhibits a lower
viewing angle dependence of brightness than Comparative
example 3, and is accordingly more excellent in viewing
angle characteristics than Comparative example 3.

[0152] FIG. 23C and FIG. 23D show viewing angle depen-
dence of chromaticity in Example 3 and Comparative
example 3, respectively. According to these figures, in
Example 3, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.012 and Ay of
approximately 0.012 (with the CF). Compared with this, in
Comparative example 3, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.023 and
Ay of approximately 0.023 (with the CF). This demonstrates
that both Example 3 and Comparative example 3 satisfy the
allowable ranges shown in FIG. 8. Note that Example 3 exhib-
its a lower viewing angle dependence of chromaticity than
Comparative example 3, and is accordingly more excellent in
viewing angle characteristics than Comparative example 3.

(Blue)

[0153] FIG. 24A to FIG. 24D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
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conditions as those in FIG. 20A to FIG. 20D. FIG. 24A and
FIG. 24B show viewing angle dependence of brightness in
Example 3 and Comparative example 3, respectively. Accord-
ing to these figures, in Example 3, a viewing angle of 30°
corresponds to a brightness of around 98%, and a viewing
angle of 45° corresponds to a brightness of around 95% (with
the CF). Compared with this, in Comparative example 3, a
viewing angle of 30° corresponds to a brightness of around
97%, and a viewing angle of 45° corresponds to a brightness
of around 87% (with the CF). This demonstrates that both
Example 3 and Comparative example 3 satisfy the allowable
ranges shown in FIG. 8. Note that Example 3 exhibits a lower
viewing angle dependence of brightness than Comparative
example 3, and is accordingly more excellent in viewing
angle characteristics than Comparative example 3.

[0154] FIG. 24C and FIG. 24D show viewing angle depen-
dence of chromaticity in Example 3 and Comparative
example 3, respectively. According to these figures, in
Example 3, a viewing angle of 50° corresponds a chromatic-
ity variation of Ax of substantially 0 and Ay of substantially O
(with the CF). Compared with this, in Comparative example
3, aviewing angle of 50° corresponds to a chromaticity varia-
tion of Ax of approximately 0.005 and Ay of approximately
0.01 (with the CF). This demonstrates that both Example 3
and Comparative example 3 satisfy the allowable ranges
shown in FIG. 8. Note that Example 3 exhibits a lower view-
ing angle dependence of chromaticity than Comparative
example 3, and is accordingly more excellent in viewing
angle characteristics than Comparative example 3.

[0155] Therefore, Example 3 is more excellent in viewing
angle characteristics than Comparative example 3 with
respect to the respective organic EL elements of the R, G, and
B colors. Especially, with respect to the G (green) organic EL
element, Example 3 is more excellent in viewing angle char-
acteristics than Comparative example 3 because while
Example 3 satisfies the allowable ranges shown in FIG. 8,
Comparative example 3 does not satisfy the allowable ranges
shown in FIG. 8.

[Fourth Simulation]
<Conditions>

[0156] In the fourth simulation, a functional layer has a
three-layer structure of a transparent conductive layer, a hole
injection layer, and a hole transport layer. Also, the transpar-
ent conductive layer is formed from 1ZO, the hole injection
layer is formed from an inorganic material, the hole transport
layer is formed from an organic material, a reflective elec-
trode is formed from aluminum, and respective organic light
emitting layers of the R, G, and B colors are formed from RP
158, GP1200, and BP105 manufactured by Sumation Co.,
Ltd. respectively.

<Light-Emitting Efficiency and Simplicity of Film Thickness
Adjustment>

[0157] FIG. 25 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 20 nm, setting the film thickness of the
hole injection layer to 5 nm, and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the above
conditions. As shown in FIG. 25, the 1st cavity exhibits a
higher light-emitting efficiency than the 2nd cavity. Accord-
ingly, adoption of the 1st cavity leads to a higher light-emit-
ting efficiency of organic EL elements compared with adop-
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tion of the 2nd cavity. FIG. 25 also shows that the 1st cavity
exhibits a local maximum of light-emitting efficiency for
each of the R, G, and B colors when the hole transport layer of
each of the R, G, and B colors has a film thickness within a
narrow range of 0 nm to 35 nm (the functional layer has a film
thickness within a range of 0 nm to 60 nm). Compared with
this, the 2nd cavity exhibits a local maximum of light-emit-
ting efficiency for each of the R, G, and B colors when the
hole transport layer of each of the R, G, and B colors has a film
thickness within a wide range of 100 nm to 250 nm Accord-
ingly, with adoption of the 1st cavity for the respective
organic EL elements of the R, G, and B colors, it is much less
necessary to separately manufacture respective hole transport
layers of the R, G, and B colors, compared with adoption of
the 2nd cavity. This simplifies the film thickness adjustment
during the manufacturing process.

[0158] FIG. 26 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 25.

[0159] In Example 4 (Ist cavity), respective transparent
conductive layers of the R, G, and B colors each have a film
thickness of 20 nm in common, respective hole injection
layers of the R, G, and B colors each have a film thickness of
5 nm in common, and respective hole transport layers of the
R, G, and B colors have a film thickness of 25 nm, a film
thickness of 16 nm, and a film thickness of 9 nm, respectively.
The chromaticity for each ofthe R, G, and B colors is adjusted
so as to fall within an appropriate range with use of CF (color
filter). In Comparative example 4 (the 2nd cavity), respective
transparent conductive layers of the R, G, and B colors each
have a film thickness of 20 nm in common, respective hole
injection layers of the R, G, and B colors each have a film
thickness of 5 nm in common, and respective hole transport
layers of the R, G, and B colors have a film thickness of 212
nm, a film thickness of 180 nm, and a film thickness of 146
nm, respectively. The chromaticity for each ofthe R, G, and B
colors is adjusted so as to fall within an appropriate range with
use of the color filter. The comparison of Example 4 and
Comparative example 4 demonstrates that Example 4 is more
excellent in both light-emitting efficiency and simplicity of
film thickness adjustment than Comparative example 4.
[0160] Also, as shown in FIG. 27, a right member m in
Equation 1 is an integer in Example 4 and Comparative
example 4. Also, in consideration that the functional layer has
a margin width of the film thickness of 20 nm or more in
Example 4, the right member m in Equation 1 does not need
to be an integer, like Example 4' shown in FIG. 27.

<Viewing Angle Characteristics>
(Green)

[0161] FIG. 28A to FIG. 28D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 26A to FIG. 26D. FIG. 28A and
FIG. 28B show viewing angle dependence of brightness in
Example 4 and Comparative example 4, respectively. Accord-
ing to these figures, in Example 4, a viewing angle of 30°
corresponds to a brightness of around 98%, and a viewing
angle of 45° corresponds to a brightness of around 92% (with
the CF). Compared with this, in Comparative example 4, a
viewing angle of 30° corresponds to a brightness of around
97%, and a viewing angle of 45° corresponds to a brightness
of around 80% (with the CF). This demonstrates that both
Example 4 and Comparative example 4 satisfy the allowable
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ranges shown in FIG. 8. Note that Example 4 exhibits a lower
viewing angle dependence of brightness than Comparative
example 4, and is accordingly more excellent in viewing
angle characteristics than Comparative example 4.

[0162] FIG. 28C and FIG. 28D show viewing angle depen-
dence of chromaticity in Example 4 and Comparative
example 4, respectively. According to these figures, in
Example 4, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.006 and Ay of
approximately 0.004 (with the CF). Compared with this, in
Comparative example 4, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.04 and
Ay of approximately 0.026 (with the CF). This demonstrates
that both Example 4 and Comparative example 4 satisfy the
allowable ranges shown in FIG. 8. Note that Example 4 exhib-
its a lower viewing angle dependence of chromaticity than
Comparative example 4, and is accordingly more excellent in
viewing angle characteristics than Comparative example 4.

(Red)

[0163] FIG. 29A to FIG. 29D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 26A to FIG. 26D. FIG. 29A and
FIG. 29B show viewing angle dependence of brightness in
Example 4 and Comparative example 4, respectively. Accord-
ing to these figures, in Example 4, a viewing angle of 30°
corresponds to a brightness of around 98%, and a viewing
angle 0f45° corresponds to a brightness of around 90% (with
the CF). Compared with this, in Comparative example 4, a
viewing angle of 30° corresponds to a brightness of around
98%, and a viewing angle of 45° corresponds to a brightness
of around 80% (with the CF). This demonstrates that both
Example 4 and Comparative example 4 satisfy the allowable
ranges shown in FIG. 8. Note that Example 4 exhibits a lower
viewing angle dependence of brightness than Comparative
example 4, and is accordingly more excellent in viewing
angle characteristics than Comparative example 4.

[0164] FIG.29C and FIG. 29D show viewing angle depen-
dence of chromaticity in Example 4 and Comparative
example 4, respectively. According to these figures, in
Example 4, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.011 and Ay of
approximately 0.013 (with the CF). Compared with this, in
Comparative example 4, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.022 and
Ay of approximately 0.023 (with the CF). This demonstrates
that both Example 4 and Comparative example 4 satisfy the
allowable ranges shown in FIG. 8. Note that Example 4 exhib-
its a lower viewing angle dependence of chromaticity than
Comparative example 4, and is accordingly more excellent in
viewing angle characteristics than Comparative example 4.

(Blue)

[0165] FIG. 30A to FIG. 30D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 26A to FIG. 26D. FIG. 30A and
FIG. 30B show viewing angle dependence of brightness in
Example 4 and Comparative example 4, respectively. Accord-
ing to these figures, in Example 4, a viewing angle of 30°
corresponds to a brightness of around 98%, and a viewing
angle of 45° corresponds to a brightness of around 92% (with
the CF). Compared with this, in Comparative example 4, a
viewing angle of 30° corresponds to a brightness of around
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97%, and a viewing angle of 45° corresponds to a brightness
of around 85% (with the CF). This demonstrates that both
Example 4 and Comparative example 4 satisfy the allowable
ranges shown in FIG. 8. Note that Example 4 exhibits a lower
viewing angle dependence of brightness than Comparative
example 4, and is accordingly more excellent in viewing
angle characteristics than Comparative example 4.

[0166] FIG.30C and FIG. 30D show viewing angle depen-
dence of chromaticity in Example 4 and Comparative
example 4, respectively. According to these figures, in
Example 4, a viewing angle of 50° corresponds a chromatic-
ity variation of Ax of substantially 0 and Ay of substantially 0
(with the CF). Compared with this, in Comparative example
4, aviewing angle of 50° corresponds to a chromaticity varia-
tion of Ax of approximately 0.005 and Ay of approximately
0.011 (with the CF). This demonstrates that both Example 4
and Comparative example 4 satisfy the allowable ranges
shown in FIG. 8. Note that Example 4 exhibits a lower view-
ing angle dependence of chromaticity than Comparative
example 4, and is accordingly more excellent in viewing
angle characteristics than Comparative example 4.

[0167] Therefore, Example 4 is more excellent in viewing
angle characteristics than Comparative example 4 with
respect to the respective organic EL elements of the R, G, and
B colors. Especially, with respect to the G (green) organic EL
element, Example 4 is more excellent in viewing angle char-
acteristics than Comparative example 4 for the following
reasons. Comparative example 4 barely satisfies the allow-
able ranges shown in FIG. 8, and accordingly the film thick-
ness margin of the functional layer cannot be reserved. On the
other hand, Example 4 easily satisfies the allowable range
shown in FIG. 8, and accordingly the film thickness margin of
the functional layer can be reserved.

[Fifth Simulation]
<Conditions>

[0168] In the fifth simulation, a transparent conductive
layer is formed from 17O, and a reflective electrode is formed
from aluminum, and the structural elements other than these
are the same as those in the fourth simulation.

<Light-Emitting Efficiency and Simplicity of Film Thickness
Adjustment>

[0169] FIG. 31 shows variation of light-emitting efficiency
in cd/A when setting the film thickness of the transparent
conductive layer to 20 nm, setting the film thickness of the
hole injection layer to 5 nm, and varying the film thickness of
the hole transport layer from 0 nm to 600 nm under the above
conditions. As shown in FIG. 31, the 1st cavity exhibits a
higher light-emitting efficiency than the 2nd cavity. Accord-
ingly, adoption of the 1st cavity leads to a higher light-emit-
ting efficiency of organic EL elements compared with adop-
tion of the 2nd cavity. FIG. 31 also shows that the 1st cavity
exhibits a local maximum of light-emitting efficiency for
each of the R, G, and B colors when the hole transport layer of
each of the R, G, and B colors has a film thickness within a
narrow range of 0 nm to 35 nm (the functional layer has a film
thickness within a range of 0 nm to 60 nm). Compared with
this, the 2nd cavity exhibits a local maximum of light-emit-
ting efficiency for each of the R, G, and B colors when the
hole transport layer of each ofthe R, G, and B colors has a film
thickness within a wide range of 100 nm to 250 nm. Accord-
ingly, with adoption of the 1st cavity for the respective
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organic EL elements of the R, G, and B colors, it is much less
necessary to separately manufacture respective hole transport
layers of the R, G, and B colors, compared with adoption of
the 2nd cavity. This simplifies the film thickness adjustment
during the manufacturing process.

[0170] FIG. 32 shows comparison of adoption of the 1st
cavity with adoption of the 2nd cavity for organic EL ele-
ments under the same conditions as those in FIG. 31.

[0171] InExampleS5 (the 1st cavity), respective transparent
conductive layers of the R, G, and B colors each have a film
thickness of 20 nm in common, respective hole injection
layers of the R, G, and B colors each have a film thickness of
5 nm in common, and respective hole transport layers of the
R, G, and B colors have a film thickness of 15 rim, a film
thickness of 9 nm, and a film thickness of 5 nm, respectively.
The chromaticity for each ofthe R, G, and B colors is adjusted
so as to fall within an appropriate range with use of the color
filter. In Comparative example 5 (the 2nd cavity), respective
transparent conductive layers of the R, G, and B colors each
have a film thickness of 20 nm in common, respective hole
injection layers of the R, G, and B colors each have a film
thickness of 5 nm in common, and respective hole transport
layers of the R, G, and B colors have a film thickness of 213
nm, a film thickness of 166 nm, and a film thickness of 143
nm, respectively. The chromaticity for each ofthe R, G, and B
colors is adjusted so as to fall within an appropriate range with
use of the color filter. The comparison of Example 5 and
Comparative example 5 demonstrates that Example 5 is more
excellent in both light-emitting efficiency and simplicity of
film thickness adjustment than Comparative example 5.
[0172] Also, as shown in FIG. 33, a right member m in
Equation 1 is an integer in Example 5 and Comparative
example 5. Also, in consideration that the functional layer has
a margin width of the film thickness of 20 nm or more in
Example 5, the right member m in Equation 1 does not need
to be an integer, like Example 5' in FIG. 33.

<Viewing Angle Characteristics>
(Green)

[0173] FIG. 34A to FIG. 34D explain viewing angle char-
acteristics of a G (green) organic EL element under the same
conditions as those in FIG. 32A to FIG. 32D. FIG. 34A and
FIG. 34B show viewing angle dependence of brightness in
Example 5 and Comparative example 5, respectively. Accord-
ing to these figures, in Example 5, a viewing angle of 30°
corresponds to a brightness of around 100%, and a viewing
angle of45° corresponds to a brightness of around 98% (with
the CF). Compared with this, in Comparative example 5, a
viewing angle of 30° corresponds to a brightness of around
95%, and a viewing angle of 45° corresponds to a brightness
of around 78% (with the CF). This demonstrates that while
Example 5 satisfies the allowable ranges shown in FIG. 8,
Comparative example 5 does not satisfy the allowable ranges
shown in FIG. 8.

[0174] FIG. 34C and FIG. 34D show viewing angle depen-
dence of chromaticity in Example 5 and Comparative
example 5, respectively. According to these figures, in
Example 5, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.007 and Ay of
approximately 0.005 (with the CF). Compared with this, in
Comparative example 5, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.038 and
Ay of approximately 0.025 (with the CF). This demonstrates
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that both Example 5 and Comparative example 5 satisfy the
allowable ranges shown in FIG. 8. Note that Example 5 exhib-
its a lower viewing angle dependence of chromaticity than
Comparative example 5, and is accordingly more excellent in
viewing angle characteristics than Comparative example 5.

(Red)

[0175] FIG. 35A to FIG. 35D explain viewing angle char-
acteristics of an R (red) organic EL element under the same
conditions as those in FIG. 32A to FIG. 32D. FIG. 35A and
FIG. 35B show viewing angle dependence of brightness in
Example 5 and Comparative example 5, respectively. Accord-
ing to these figures, in Example 5, a viewing angle of 30°
corresponds to a brightness of around 100%, and a viewing
angle of 45° corresponds to a brightness of around 90% (with
the CF). Compared with this, in Comparative example 5, a
viewing angle of 30° corresponds to a brightness of around
110%, and a viewing angle of 45° corresponds to a brightness
of around 100% (with the CF). This demonstrates that both
Example 5 and Comparative example 5 satisfy the allowable
ranges shown in FIG. 8.

[0176] FIG.35C and FIG. 35D show viewing angle depen-
dence of chromaticity in Example 5 and Comparative
example 5, respectively. According to these figures, in
Example 5, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of approximately 0.012 and Ay of
approximately 0.013 (with the CF). Compared with this, in
Comparative example 5, a viewing angle of 50° corresponds
to a chromaticity variation of Ax of approximately 0.023 and
Ay of approximately 0.023 (with the CF). This demonstrates
that both Example 5 and Comparative example 5 satisfy the
allowable ranges shown in FIG. 8. Note that Example 5 exhib-
its a lower viewing angle dependence of chromaticity than
Comparative example 5, and is accordingly more excellent in
viewing angle characteristics than Comparative example 5.

(Blue)

[0177] FIG. 36A to FIG. 36D explain viewing angle char-
acteristics of a B (blue) organic EL element under the same
conditions as those in FIG. 32A to FIG. 32D. FIG. 36A and
FIG. 36B show viewing angle dependence of brightness in
Example 5 and Comparative example 5, respectively. Accord-
ing to these figures, in Example 5, a viewing angle of 30°
corresponds to a brightness of around 100%, and a viewing
angle of 45° corresponds to a brightness of around 98% (with
the CF). Compared with this, in Comparative example 5, a
viewing angle of 30° corresponds to a brightness of around
104%, and a viewing angle of 45° corresponds to a brightness
of around 100% (with the CF). This demonstrates that both
Example 5 and Comparative example 5 satisfy the allowable
ranges shown in FIG. 8. Note that Example 5 exhibits a lower
viewing angle dependence of brightness than Comparative
example 5, and is accordingly more excellent in viewing
angle characteristics than Comparative example 5.

[0178] FIG.36C and FIG. 36D show viewing angle depen-
dence of chromaticity in Example 5 and Comparative
example 5, respectively. According to these figures, in
Example 5, a viewing angle of 50° corresponds to a chroma-
ticity variation of Ax of substantially 0 and Ay of substantially
0 (with the CF). Compared with this, in Comparative example
5, aviewing angle of 50° corresponds to a chromaticity varia-
tion of Ax of approximately 0.006 and Ay of approximately
0.014 (with the CF). This demonstrates that both Example 5
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and Comparative example 5 satisfy the allowable ranges
shown in FIG. 8. Note that Example 5 exhibits a lower view-
ing angle dependence of chromaticity than Comparative
example 5, and is accordingly more excellent in viewing
angle characteristics than Comparative example 5.

[0179] Therefore, Example 5 is more excellent in viewing
angle characteristics than Comparative example 5 with
respect to the respective organic EL elements of the R, G, and
B colors. Especially, with respect to the G (green) organic EL
element, Example 5 is more excellent in viewing angle char-
acteristics than Comparative example 5 because while
Example 5 satisfies the allowable ranges shown in FIG. 8,
Comparative example 5 does not satisfy the allowable ranges
shown in FIG. 8.

[Summary of Simulations]

[0180] FIG. 37 is a list of film thickness of the functional
layer of each of the R, G, and B colors obtained in the simu-
lations. FIG. 38 is a list of difference in film thickness of the
functional layers between the R and G colors, between the G
and B colors, and between the R and B colors obtained in the
simulations. The results of the simulations demonstrates that
Examples 1 to 5 are desirable. The following summary is
drawn from Examples 1 to 5.

[0181] (1) The respective functional layers of the R, G, and
B colors each should have a film thickness of 26 nm to 50 nm.
Each difference in film thickness of the functional layers
between the R and G colors, between the G and B colors, and
between the R and B colors should be 1 nm to 16 nm. Fur-
thermore, the respective organic light-emitting layers of the
R, G, and B colors each should have an optical distance of 49
nm to 90 nm from the corresponding reflective electrode. The
respective organic light-emitting layers of the R, G, and B
colors differ in optical distance from the respective reflective
electrodes by 0 nm to 25 nm between the R and G colors,
between the G and B colors, and between the R and B colors.
Note that the value of the optical distance is rounded off'to a
whole number.

[0182] (2) In the case where the functional layer has a
two-layer structure of a transparent conductive layer and a
hole transport layer, the respective hole transport layers of the
R, G, and B colors should have a film thickness of 13 nm to 30
nm, a film thickness of 12 nm to 21 nm, and a film thickness
of 10 nm to 15 nm, respectively, and the respective transpar-
ent conductive layers of the R, G, and B colors each should
have a film thickness of 15 nm to 20 nm.

[0183] (3) In the case where the functional layer has a
three-layer structure of a transparent conductive layer, a hole
injection layer, and a hole transport layer, the respective hole
injection layers of the R, G, and B colors each should have a
film thickness of more than 0 nm to 5 nm, the respective hole
transport layers of the R, G, and B colors have a film thickness
of 15 nm to 25 nm, a film thickness of 9 nm to 16 nm, and a
film thickness of 5 nm to 9 nm, respectively, and the respec-
tive transparent conductive layers of the R, G, and B colors
each should have a film thickness of 15 nm 20 nm.

[0184] (4) The respective functional layers of the R, G, and
B colors should have a film thickness 0of 28 nm to 50 nm, a film
thickness of 27 nm to 41 nm, and a film thickness of 26 nm to
35 nm, respectively.

[0185] (5) In order to further improve the optical character-
istics, it is sometimes desirable that the respective functional
layers of the R, G, and B colors each have a different film
thickness within substantially the same range. Here, in the
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case where the functional layer has the two-layer structure of
the transparent conductive layer and the hole transport layer,
the respective transparent conductive layers of the R, G, and
B colors, for example, have the same film thickness, and the
respective hole transport layers of the R, G, and B colors each,
for example, have a different film thickness. In the case where
the functional layers has the three-layer structure of the trans-
parent conductive layer, the hole injection layer, and the hole
transport layer, the respective transparent conductive layers
of the R, G, and B colors, for example, have the same film
thickness, the respective hole injection layers of the R, G, and
B colors, for example, preferably have the same film thick-
ness, and the respective hole transport layers of the R, G, and
B colors each preferably have a different film thickness. This
is because it is assumed that while the transparent conductive
layer and the hole injection layer are formed by vapor depo-
sition or sputtering, the hole transport layer is formed by the
inkjet method. According to the inkjet method, by only
adjusting the number of drops of ink to drop, it is possible to
adjust the film thickness of the hole transport layer of each of
the R, G, and B colors. This leads to easy adjustment of film
thickness for each of the R, G, and B colors compared with the
vapor deposition and sputtering. For this reason, by forming
the respective hole transport layers of the R, G, and B colors
to each have a different film thickness, it is possible to per-
form fine adjustment of the film thicknesses of the functional
layers with simplicity and accuracy, thereby further improv-
ing the optical characteristics.

[Specific Examples of Each Layer]
<Substrate>

[0186] The substrate 1 is a Thin Film Transistor (TFT)
substrate, for example. The substrate 1 is a glass plate or
quartz plate of soda glass, nonfluorescent glass, phosphate
glass, borate glass, or the like; a plastic plate or plastic film of
acrylic resin, styrenic resin, polycarbonate resin, epoxy resin,
polyethylene, polyester, silicone resin, or the like; or a metal
plate or metal foil of alumina or the like.

<Banks>

[0187] The banks 2 should be formed from an insulating
material, and it is desirable that the banks 2 have organic
solvent resistance. Furthermore, since the banks 2 undergo
etching, baking, and the like, it is desirable that the banks 12
be formed from a material that is highly resistant to such
processes. The material for the banks 2 may be an organic
material such as resin, or an inorganic material such as glass.
As an organic material, acrylic resin, polyimide resin,
novolac-type phenolic resin, and the like can be used, and as
an inorganic material, silicon dioxide (Si02), silicon nitride
(Si3N4), and the like can be used.

<Reflective Electrode>

[0188] The reflective electrode 3 is electrically connected
to the TFT provided on the substrate 1. In addition to func-
tioning as a positive terminal of the organic EL element, the
reflective electrode 3 has the function of reflecting light emit-
ted from the organic light-emitting layers 7b, 7g, and 7r
towards the reflective electrode 3. The reflecting function
may be achieved by the structural material of the reflective
electrode 3 or by applying a reflective coating to the surface
portion of the reflective electrode 3. For example, the reflec-
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tive electrode 3 is formed from Ag (silver), APC (alloy of
silver, palladium, and copper), ARA (alloy of silver,
rubidium, and gold), MoCr (alloy of molybdenum and chro-
mium), NiCr (alloy of nickel and chromium), or the like.

<Transparent Conductive Layer>

[0189] The transparent conductive layer 4 functions as a
protective layer to prevent the reflective electrode 3 from
naturally oxidizing during the manufacturing process. The
material for the transparent conductive layer 4 should be
formed from a conductive material sufficiently translucent
with respect to light emitted by the organic light-emitting
layers 7b, 7g, and 7r. For example, the transparent conductive
layer 4 is preferably formed from ITO or IZO, which achieve
good conductivity even when a film thereof is formed at room
temperature.

<Hole Injection Layer>

[0190] The hole injection layer 5 has the function of inject-
ing holes into the organic light-emitting layers 75, 7g, and 7r.
The hole injection layer 5 is formed from an oxide of a
transition metal, such as tungsten oxide (WOx), molybdenum
oxide (MoOx), molybdenum tungsten oxide (MoxWyOz), or
the like. Forming the hole injection layer 5 from an oxide of
a transition metal allows for improvement of voltage-current
density characteristics, and for an increase in emission inten-
sity by increasing current density. Note that other metal com-
pounds, such as a transition metal nitride, may also be used.

<Hole Transport Layer>

[0191] Examples of the material for the hole transport layer
6 include a triazole derivative, an oxadiazole derivative, an
imidazole derivative, a polyarylalkane derivative, a pyrazo-
line derivative and pyrazolone derivative, a phenylenedi-
amine derivative, an arylamine derivative, an amino-substi-
tuted chalcone derivative, an oxazole derivative, a
styrylanthracene derivative, a fluorenone derivative, a hydra-
zone derivative, a stilbene derivative, a porphyrin compound,
an aromatic tertiary amine compound and styrylamine com-
pound, a butadiene compound, a polystyrene derivative, a
hydrazone derivative, a triphenylmethane derivative, or a tet-
raphenylbenzene derivative, as disclosed in Japanese Patent
Application Publication No. 5-163488. In particular, a por-
phyrin compound, as well as an aromatic tertiary amine com-
pound and styrylamine compound, are desirable.

<Organic Light-Emitting Layer>

[0192] The organic light-emitting layers 75, 7g, and 7r are
formed from a fluorescent material such as, for example, an
oxinoid compound, perylene compound, coumarin com-
pound, azacoumarin compound, oxazole compound, oxadia-
zole compound, perinone compound, pyrrolo-pyrrole com-
pound, naphthalene compound, anthracene compound,
fluorene compound, fluoranthene compound, tetracene com-
pound, pyrene compound, coronene compound, quinolone
compound and azaquinolone compound, pyrazoline deriva-
tive and pyrazolone derivative, rhodamine compound, chry-
sene compound, phenanthrene compound, cyclopentadiene
compound, stilbene compound, diphenylquinone compound,
styryl compound, butadiene compound, dicyanomethylene
pyran compound, dicyanomethylene thiopyran compound,
fluorescein compound, pyrylium compound, thiapyrylium
compound, selenapyrylium compound, telluropyrylium
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compound, aromatic aldadiene compound, oligophenylene
compound, thioxanthene compound, anthracene compound,
cyanine compound, acridine compound, metal complex of a
8-hydroxyquinoline compound, metal complex of a 2-bipy-
ridine compound, complex of a Schiff base and a group three
metal, metal complex of oxine, rare earth metal complex, and
the like, as recited in Japanese Patent Application Publication
No. H5-163488.

<Electron Transport Layer>

[0193] Examples of the material for the electron transport
layer 8 include a nitro-substituted fluorenone derivative, a
thiopyran dioxide derivative, a diphenylquinone derivative, a
perylene tetracarboxyl derivative, an anthraquinodimethane
derivative, a fluoronylidene methane derivative, an anthrone
derivative, an oxadiazole derivative, a perinone derivative,
and a quinolone complex derivative, as recited in Japanese
Patent Application Publication No. H5-163488.

[0194] Note that from the perspective of further improving
electron injection characteristics, the above materials for
forming the electron transport layer may be doped with an
alkali metal or an alkaline-earth metal, such as Na, Ba, or Ca.

<Transparent Electrode>

[0195] The transparent electrode 9 functions as a negative
electrode for the organic light-emitting element. The material
for the transparent electrode 9 should be formed from a con-
ductive material sufficiently translucent with respect to light
emitted by the organic light-emitting layers 75, 7g, and 7r. For
example, the transparent electrode 9 is preferably formed
from ITO or IZO.

<Thin-Film Passivation Layer>

[0196] The thin-film passivation layer 10 has the function
of preventing the layers interposed between the substrate 1
and the thin-film passivation layer 10 from being exposed to
moisture or air. The material for the thin-film passivation
layer 10 is, for example, silicon nitride (SiN), silicon oxyni-
tride (SiON), resin, or the like.

<Resin Passivation Layer>

[0197] The resin passivation layer 11 has the functions of
adhering the back panel, which is composed of the layers
from the substrate 1 to the thin-film passivation layer 10, to
the front panel, on which are formed the color filters 125, 12g,
and 127 and of preventing the layers from being exposed to
moisture or air. The material for the resin passivation layer 11
is, for example, a resin adhesive or the like.

<Color Filters>

[0198] Thecolor filters 125, 12g, and 12+ have the function
of correcting the chromaticity of light emitted by the organic
light-emitting elements.

[Display Device]

[0199] FIG. 39 shows an external view of a display device
according to the embodiment of the present invention. FIG.
40 shows a functional block for the display device according
to the embodiment of the present invention. The display
device 15 includes an organic EL panel 16 and a drive control
unit 17 that are electrically connected to each other. The
organic EL panel 16 has the pixel structure shown in FIG. 3.
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The drive control unit 17 includes drive circuits 18 to 21 that
apply voltage between the reflective electrode 3 correspond-
ing to each organic EL element and a transparent electrode 9,
and a control circuit 22 that controls operations of drive
circuits 18 to 21.

[Method of Manufacturing Organic EL Panel]

[0200] Next, the method of manufacturing an organic EL
panel is described. FIG. 41A to FIG. 41D and FIG. 42A to
FIG. 42C show a method of manufacturing an organic EL
panel according to the embodiment of the present invention.
[0201] First, reflective electrodes 3 are formed on a sub-
strate 1 by vapor deposition, sputtering, or the like (FIG.
41A). Next, transparent conductive layers 4 are formed on the
respective reflective electrodes 3 by vapor deposition, sput-
tering, or the like (FIG. 41B). Banks 2 are formed (FIG. 41C).
Then, hole transport layers 6 are formed on the respective
transparent conductive layers 4 by the inkjet method or the
like (FIG. 41D). Organic light-emitting layers 75, 7g, and 7r
are formed on the respective hole transport layers 6 (FIG.
42A). An electron transport layer 8, a transparent electrode 9,
and a thin-film passivation layer 10 are layered (FIG. 42B).
Next, a front panel in which color filters 125, 12g, and 127 are
formed is adhered to the thin-film passivation layer 10 using
aresin passivation layer 11 (FIG. 42C). The film thickness of
each of the transparent conductive layers 4 and the film thick-
ness of each of the hole transport layers 6 are adjusted so as to
fall within the above ranges described above as a desirable
example of the thickness of the functional layer. Fine adjust-
ment of the film thickness of the functional layer of each of
the R, G, and B colors is performed by the inkjet method more
simply than by vapor deposition and sputtering. For this rea-
son, it is preferable that the respective transparent conductive
layers 4 of the R, G, and B colors have the same film thickness
and fine adjustment of film thickness is performed on the hole
transport layers 6 separately for each of the R, G, and B
colors.

[0202] In order to achieve the structure shown in FIG. 4, it
is necessary to form the hole injection layers 5 on the respec-
tive transparent conductive layers 4, and then form the hole
transport layers 6 on the respective hole injection layers 5.
The hole injection layers 5 are formed from a metal oxide by
vapor deposition, sputtering, or the like. Again in this case, for
the above same reason, it is desirable that the respective
transparent conductive layers 4 of the R, G, and B colors have
the same film thickness, the respective hole injection layers 5
of the R, G, and B colors have the same film thickness, and
fine adjustment of film thickness is performed on the hole
transport layers 6 separately for each of the R, G, and B
colors.

INDUSTRIAL APPLICABILITY

[0203] The present invention is applicable to organic EL
displays and the like.
REFERENCE SIGNS LIST
[0204] 1: substrate
[0205] 2: bank
[0206] 3: reflective electrode
[0207] 4: transparent conductive layer
[0208] 5: hole injection layer
[0209] 6: hole transport layer
[0210] 75, 7g, and 7r: organic light-emitting layer
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[0211] 8: electron transport layer
[0212] 9: reflective electrode

[0213] 10: thin-film passivation layer
[0214] 11: resin passivation layer
[0215] 124, 12g, and 12~ color filter
[0216] 15: display device

[0217] 16: organic EL panel

[0218] 17: drive control unit

[0219] 18,19, 20, and 21: drive circuit
[0220] 22: control circuit

1. An organic EL panel, comprising:

first electrodes that reflect incident light;

a second electrode that faces the first electrodes, and trans-
mits incident light therethrough;

an organic light-emitting layer of each of R (red), G
(green), and B (blue) colors that is disposed between a
corresponding one of the first electrodes and the second
electrode, and emits light of a corresponding color due to
voltage application between the corresponding first
electrode and the second electrode;

a functional layer of each of the R, G, and B colors that is
composed of one or more layers, and is disposed
between a corresponding one of the first electrodes and
the organic light-emitting layer of a corresponding
color; and

a color filter of each of the R, G, and B colors that is
disposed above the organic light-emitting layer of a cor-
responding color, with the second electrode being inter-
posed therebetween, wherein

a first portion of light of each of the R, G, and B colors
emitted from the organic light-emitting layer of the cor-
responding color travels through the second electrode
instead of towards the corresponding first electrode, and
is emitted externally after passing through the second
electrode and the color filter of the corresponding color,

a second portion of the light of each of the R, G, and B
colors travels through the functional layer of the corre-
sponding color towards the corresponding first elec-
trode, strikes and is reflected by the corresponding first
electrode, and is emitted externally after passing through
the functional layer of the corresponding color, the
organic light-emitting layer of the corresponding color,
the second electrode, and the color filter of the corre-
sponding color,

the respective functional layers of the R, G, and B colors
each have a different film thickness of 60 nm or less that
falls within substantially a same range and corresponds
to a local maximum of light-emitting efficiency with
respect to the light of the corresponding color emitted
externally through the color filter of the corresponding
color, and

respective optical distances between the respective organic
light-emitting layers of the R, G, and B colors and the
respective first electrodes are each 100 nm or less and are
different within substantially a same range.

2. The organic EL panel of claim 1, wherein

the respective functional layers of the R, G, and B colors
are composed of transparent conductive layers of the R,
G, and B colors formed on the respective first electrodes,
and hole transport layers of the R, G, and B colors
formed on the respective transparent conductive layers,
respectively.
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3. The organic EL panel of claim 2, wherein

the respective hole transport layers of the R, G, and B
colors each have a different film thickness, and

the respective transparent conductive layers of the R, G,
and B colors have a same film thickness.

4. The organic EL panel of claim 3, wherein

the respective hole transport layers of the R, G, and B
colors have a film thickness of 13 nm to 30 nm, a film
thickness of 12 nm to 21 nm, and a film thickness of 10
nm to 15 nm, respectively and

the respective transparent conductive layers of the R, G,
and B colors each have a film thickness of 15 nm to 20
nm.

5. The organic EL panel of claim 2, wherein

the respective hole transport layers of the R, G, and B
colors each have a function of injecting holes into the
organic light-emitting layer of the corresponding color,
in addition to a function of transporting the holes.

6. The organic EL panel of claim 1, wherein

the respective functional layers of the R, G, and B colors
are composed of transparent conductive layers of the R,
G, and B colors formed on the respective first electrodes,
hole injection layers of the R, G, and B colors formed on
the respective transparent conductive layers of the R, G,
and B colors, and hole transport layers of the R, G, and
B colors formed on the respective hole injection layer of
the R, G, and B colors, respectively.

7. The organic EL panel of claim 6, wherein

the respective hole transport layers of the R, G, and B
colors each have a different film thickness,

the respective transparent conductive layers of the R, G,
and B colors have a same film thickness, and

the respective hole injection layers of the R, G, and B colors
have a same film thickness.

8. The organic EL panel of claim 7, wherein

the respective hole injection layers of the R, G, and B colors
each have a film thickness of greater than O nm to 5 nm,

the respective hole transport layers of the R, G, and B
colors have a film thickness of 15 nm to 25 nm, a film
thickness of 9 nm to 16 nm, and a film thickness of 5 nm
to 9 nm, respectively, and

the respective transparent conductive layers of the R, G,
and B colors each have a film thickness of 15 nm to 20
nm.

9. The organic EL panel of claim 1, wherein

the respective functional layers of the R, G, and B colors
have a film thickness of 28 nm to 50 nm, a film thickness
of 27 nm to 41 nm, and a film thickness of 26 nm to 35
nm, respectively.

10. The organic EL panel of claim 1, wherein

the optical distance is a sum of a product of the film thick-
ness and a refractive index for each of the layers consti-
tuting the functional layer.

11. A display device comprising the organic EL panel of

claim 1 and a drive circuit that applies voltage between each
of the first electrodes and the second electrode.

12. An organic EL panel, comprising:

first electrodes that reflect incident light;

a second electrode that faces the first electrodes, and trans-
mits incident light therethrough;

an organic light-emitting layer of each of R (red), G
(green), and B (blue) colors that is disposed between a
corresponding one of the first electrodes and the second
electrode, and emits light ofa corresponding color due to
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voltage application between the corresponding first
electrode and the second electrode;

a functional layer of each of the R, G, and B colors that is
composed of one or more layers, and is disposed
between a corresponding one of the first electrodes and
the organic light-emitting layer of a corresponding
color; and

a color filter of each of the R, G, and B colors that is
disposed above the organic light-emitting layer of a cor-
responding color, with the second electrode being inter-
posed therebetween, wherein

a first portion of light of each of the R, G, and B colors
emitted from the organic light-emitting layer of the cor-
responding color travels through the second electrode
instead of towards the corresponding first electrode, and
is emitted externally after passing through the second
electrode and the color filter of the corresponding color,

a second portion of the light of each of the R, G, and B
colors travels through the functional layer of the corre-
sponding color towards the corresponding first elec-
trode, strikes and is reflected by the corresponding first
electrode, and is emitted externally after passing through
the functional layer of the corresponding color, the
organic light-emitting layer of the corresponding color,
the second electrode, and the color filter of the corre-
sponding color,

the respective functional layers of the R, G, and B colors
each have a different film thickness of 26 nm to 50 nm
that corresponds to a local maximum of light-emitting
efficiency and predetermined chromaticity with respect
to the light of the corresponding color emitted externally
through the color filter of the corresponding color,

the respective functional layers of the R, G, and B colors
differ in film thickness by 1 nm to 16 nm between the R
and G colors, between the G and B colors, and between
the R and B colors,

the respective organic light-emitting layers of the R, G, and
B colors each have an optical distance of 49 nm to 90 nm
from the corresponding first electrode, and

the respective functional layers of the R, G, and B colors
differ in optical distance from the respective first elec-
trodes by 0 nm to 25 nm between the R and G colors,
between the G and B colors, and between the R and B
colors.

13. The organic EL panel of claim 12, wherein

the respective functional layers of the R, G, and B colors
are composed of transparent conductive layers of the R,
G, and B colors formed on the respective first electrodes,
and hole transport layers of the R, G, and B colors
formed on the respective transparent conductive layers,
respectively.

14. The organic EL panel of claim 13, wherein

the respective hole transport layers of the R, G, and B
colors have a film thickness of 13 nm to 30 nm, a film
thickness of 12 nm to 21 nm, and a film thickness of 10
nm to 15 nm, respectively and

the respective transparent conductive layers of the R, G,
and B colors each have a film thickness of 15 nm to 20
nm.

15. The organic EL panel of claim 13, wherein

the respective hole transport layers of the R, G, and B
colors each have a function of injecting holes into the
organic light-emitting layer of the corresponding color,
in addition to a function of transporting the holes.
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16. The organic EL panel of claim 12, wherein

the respective functional layers of the R, G, and B colors
are composed of transparent conductive layers of the R,
G, and B colors formed on the respective first electrodes,
hole injection layers of the R, G, and B colors formed on
the respective transparent conductive layers of the R, G,
and B colors, and hole transport layers of the R, G, and
B colors formed on the respective hole injection layer of
the R, G, and B colors, respectively.

17. The organic EL panel of claim 16, wherein

the respective hole injection layers ofthe R, G, and B colors
each have a film thickness of greater than O nm to 5 nm,

the respective hole transport layers of the R, G, and B
colors have a film thickness of 15 nm to 25 nm, a film
thickness of 9 nm to 16 nm, and a film thickness of 5 nm
to 9 nm, respectively, and

the respective transparent conductive layers of the R, G,
and B colors each have a film thickness of 15 nm to 20
nm.

18. The organic EL panel of claim 12, wherein

the respective functional layers of the R, G, and B colors
have a film thickness 0f 28 rim to 50 nm, a film thickness
of 27 nm to 41 nm, and a film thickness of 26 nm to 35
nm, respectively.

19. The organic EL panel of claim 12, wherein

the optical distance is a sum of a product of the film thick-
ness and a refractive index for each of the layers consti-
tuting the functional layer.

20. A display device comprising the organic EL panel of
claim 12 and a drive circuit that applies voltage between each
of the first electrodes and the second electrode.

21. A method of manufacturing an organic EL panel, com-
prising:

a first step of preparing first electrodes that reflect incident

light;

a second step of disposing a functional layer of each of R
(red), G (green), and B (blue) colors, which is composed
of one or more layers, on a corresponding one of the first
electrodes;

athird step of an organic light-emitting layer of each of the
R, G, and B colors, which emits light of a corresponding
color, on the functional layer of a corresponding color;

a fourth step of disposing a second electrode, which trans-
mits incident light therethrough, above the respective
first electrodes with the organic light-emitting layers of
the R, G, and B colors being interposed therebetween;
and

afifth step of disposing a color filter of each ofthe R, G, and
B colors above the second electrode, wherein

in the second step, the respective functional layers of the R,
@G, and B colors are formed so as to have a different film
thickness of 60 nm or less that falls within substantially
a same range and corresponds to a local maximum of
light-emitting efficiency with respect to the light of the
corresponding color emitted externally through the
color filter of the corresponding color, and

respective optical distances between the respective organic
light-emitting layers of the R, G, and B colors and the
respective first electrodes are each 100 nm or less and are
different within substantially a same range.
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22. The method of manufacturing the organic EL panel of

claim 21, wherein

the second step includes:

a substep of forming respective transparent conductive lay-
ers of the R, G, and B colors on the respective first
electrodes; and

a substep of forming respective hole transport layers of the
R, G, and B colors on the respective transparent conduc-
tive layers.

23. The method of manufacturing the organic EL panel of

claim 22, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to have a same film thickness,
and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to each have a different film thickness.

24. The method of manufacturing the organic EL panel of

claim 23, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed by vapor deposition or sputtering,
and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed by an inkjet method.

25. The method of manufacturing the organic EL panel of

claim 23, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to each have a film thickness of
15 nm to 20 nm, and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to have a film thickness of 13 nm to 30 nm,
a film thickness of 12 nm to 21 nm, and a film thickness
of 10 nm to 15 nm, respectively.

26. The method of manufacturing the organic EL panel of

claim 21, wherein

the second step includes:

a substep of forming respective transparent conductive lay-
ers of the R, G, and B colors on respective first elec-
trodes;

a substep of forming respective hole injection layers of the
R, G, and B colors on the respective transparent conduc-
tive layers of the R, G, and B colors, respectively; and

a substep of forming respective hole transport layers of the
R, G, and B colors on the respective hole injection layers
of the R, G, and B colors, respectively.

27. The method of manufacturing the organic EL panel of

claim 26, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to have a same film thickness,

in the step of forming the hole injection layers, the respec-
tive hole injection layers of the R, G, and B colors are
formed so as to have a same film thickness, and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to each have a different film thickness.

28. The method of manufacturing the organic EL panel of

claim 27, wherein
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in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed by vapor deposition or sputtering,

in the step of forming the hole injection layers, the respec-
tive hole injection layers of the R, G, and B colors are
formed by vapor deposition or sputtering, and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed by an inkjet method.

29. The method of manufacturing the organic EL panel of
claim 27, wherein

in the step of forming the hole injection layers, the respec-
tive hole injection layers of the R, G, and B colors are
formed so as to each have a film thickness of greater than
0 nm to 5 nm,

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to have a film thickness of 15 nm to 25 nm,
a film thickness of 9 nm to 16 nm, and a film thickness of
5 nm to 9 nm, respectively, and

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to each have a film thickness of
15 nm to 20 nm.

30. The method of manufacturing the organic EL panel of
claim 21, wherein

in the second step, the respective functional layers of the R,
G, and B colors are formed so as to have a film thickness
of 28 nm to 50 nm, a film thickness of 27 nm to 41 nm,
and a film thickness of 26 nm to 35 nm, respectively.

31. A method of manufacturing an organic EL panel, com-

prising:

a first step of preparing first electrodes that reflect incident
light;

a second step of disposing a functional layer of each of R
(red), G (green), and B (blue) colors, which is composed
of one or more layers, on a corresponding one of the first
electrodes;

a third step of an organic light-emitting layer of each of the
R, G, and B colors, which emits light of a corresponding
color, on the functional layer of a corresponding color;

a fourth step of disposing a second electrode, which trans-
mits incident light therethrough, above the respective
first electrodes with the organic light-emitting layers of
the R, G, and B colors being interposed therebetween;
and

afifth step of disposing a color filter of each of the R, G, and
B colors above the second electrode, wherein

in the second step, the respective functional layers of the R,
G, and B colors are formed so as to differ in film thick-
ness by 1 nm to 16 nm between the R and G colors,
between the G and B colors, and between the R and B
colors,

the respective organic light-emitting layers of the R, G, and
B colors each have an optical distance 0of 49 nm to 90 nm
from the corresponding first electrode, and

the respective functional layers of the R, G, and B colors
differ in optical distance from the respective first elec-
trodes by 0 nm to 25 nm between the R and G colors,
between the G and B colors, and between the R and B
colors.
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32. The method of manufacturing the organic EL panel of

claim 31, wherein

the second step includes:

a substep of forming respective transparent conductive lay-
ers of the R, G, and B colors on the respective first
electrodes; and

a substep of forming respective hole transport layers of the
R, G, and B colors on the respective transparent conduc-
tive layers.

33. The method of manufacturing the organic EL panel of

claim 32, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to have a same film thickness,
and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to each have a different film thickness.

34. The method of manufacturing the organic EL panel of

claim 33, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed by vapor deposition or sputtering,
and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed by an inkjet method.

35. The method of manufacturing the organic EL panel of

claim 33, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to each have a film thickness of
15 nm to 20 nm, and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to have a film thickness of 13 nm to 30 nm,
a film thickness of 12 nm to 21 nm, and a film thickness
of 10 nm to 15 nm, respectively.

36. The method of manufacturing the organic EL panel of

claim 31, wherein

the second step includes:

a substep of forming respective transparent conductive lay-
ers of the R, G, and B colors on respective first elec-
trodes;

a substep of forming respective hole injection layers of the
R, G, and B colors on the respective transparent conduc-
tive layers of the R, G, and B colors, respectively; and

a substep of forming respective hole transport layers of the
R, G, and B colors on the respective hole injection layers
of the R, G, and B colors, respectively.

37. The method of manufacturing the organic EL panel of

claim 36, wherein

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to have a same film thickness,

in the step of forming the hole injection layers, the respec-
tive hole injection layers of the R, G, and B colors are
formed so as to have a same film thickness, and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to each have a different film thickness.

38. The method of manufacturing the organic EL panel of

claim 37, wherein
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in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed by vapor deposition or sputtering,

in the step of forming the hole injection layers, the respec-
tive hole injection layers of the R, G, and B colors are
formed by vapor deposition or sputtering, and

in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed by an inkjet method.

39. The method of manufacturing the organic EL panel of
claim 37, wherein

in the step of forming the hole injection layers, the respec-
tive hole injection layers of the R, G, and B colors are
formed so as to each have a film thickness of greater than
0 nm to 5 nm,
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in the step of forming the hole transport layers, the respec-
tive hole transport layers of the R, G, and B colors are
formed so as to have a film thickness of 15 nm to 25 nm,
a film thickness of 9 nm to 16 nm, and a film thickness of
5 nm to 9 nm, respectively, and

in the step of forming the transparent conductive layers, the
respective transparent conductive layers of the R, G, and
B colors are formed so as to each have a film thickness of
15 nm to 20 nm.

40. The method of manufacturing the organic EL panel of

claim 31, wherein

in the second step, the respective functional layers of the R,
G, and B colors are formed so as to have a film thickness
of 28 nm to 50 nm, a film thickness of 27 nm to 41 nm,
and a film thickness of 26 nm to 35 nm, respectively.
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