US 20120286255A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0286255 A1

Tanaka 43) Pub. Date: Nov. 15, 2012
(54) ORGANIC EL ELEMENT AND ORGANIC EL. Publication Classification
PANEL (51) Int.ClL
(75) Inventor: Shin-ya Tanaka, Tsukuba-shi (JP) Zg;ﬁ ;Zgg 888283
(73) Assignee: SUMITOMO CHEMICAL (52) US.CL ... 257/40; 257/E51.018; 257/E27.119
COMPANY, LIMITED, Chuo-ku,
Tokyo (JP) 7 ABSTRACT
. An organic EL element having a reflective layer, a first elec-
(1) Appl. No: 13/519,185 trode, a light-emitting layer, a second electrode, and a semi-
(22) PCT Filed: Dec. 27. 2010 transparent reflective layer disposed in that order. The semi-
' e transparent reflective layer comprises an optical adjustment
(86) PCT No.: PCT/JP2010/073515 layer formed of an insulating material which is provided so as

(30)

§ 371 (e)(1),

(2), (4) Date: Jun. 26, 2012

Foreign Application Priority Data

Dec. 28,2009  (JP) oo 2009-297240

to contact said second electrode on an opposite side from said
light-emitting layer, and said optical adjustment layer has a
refractive index at a wavelength of 450 nm of not less than
1.915, and has an optical film thickness, calculated as an
arithmetic product of said refractive index and a film thick-
ness, of not less than 70.174 nm and not more than 140.347
nm.
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ORGANIC EL ELEMENT AND ORGANIC EL
PANEL

TECHNICAL FIELD

[0001] The present invention relates to an organic EL ele-
ment and an organic EL panel.

[0002] Priority is claimed on Japanese Patent Application
No. 2009-297240, filed Dec. 28, 2009, the content of which is
incorporated herein by reference.

BACKGROUND ART

[0003] An organic EL element is configured by laminating
a first electrode, a light-emitting layer, and a second electrode
on a substrate in that order, and emits the desired light by
injecting a hole and an electron into the light-emitting layer
from the first electrode and the second electrode. The organic
EL element can adjust light color by changing a light-emit-
ting material used in the light-emitting layer. However, since
luminous efficiencies of organic light-emitting materials vary
greatly depending on materials, it is difficult to obtain a light-
emitting material having desired color characteristics and
luminance characteristics at the same time. To that end, NPL
1 discloses an organic EL element having a so-called
microresonator structure in which a light-emitting layer is
disposed between a reflective layer and a semi-transparent
reflective layer and light of a desired color is extracted by
amplifying light which has a resonance wavelength corre-
sponding to an optical distance between the reflective layer
and the semi-transparent reflective layer.

[0004] However, in the organic EL element having the
microresonator structure, colors are different between a case
where the organic EL element is seen from a front direction
(normal direction of a substrate) and a case where the organic
EL element is seen from a wide-angle direction (direction
inclined obliquely to the normal direction of the substrate)
and thus there is a problem in that it is difficult to obtain
sufficient color reproduction over a wide range of viewing
angles. That is, in the organic EL element having the
microresonator structure, it is known that a wavelength of
light when seen from the wide-angle direction is shifted to a
short wavelength side and a display when seen from the
wide-angle direction appears blue. Such a wavelength shift is
noticeable particularly in blue light and a method of suppress-
ing a wavelength shift of blue light becomes an important
issue. For that reason, in Patent Document 1, by providing a
color filter on a light exit side of an organic EL element, only
light in a specific wavelength region is selectively transmit-
ted, thereby suppressing a color change caused by such a
wavelength shift.
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DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0007] However, in the method disclosed in Patent Docu-
ment 1, since the color filter is additionally provided, the
manufacturing processes of both an organic EL element and
an organic EL panel become complicated and thus there is a
problem in that it is difficult to reduce the entire size of the
panel. In addition, most components of light emitted from an
organic EL element are absorbed by the color filter and there
is aproblem in that brightness when seen from an oblique side
deteriorates to a large degree. That is, in the organic EL
element having the microresonator structure, the spectrum of
emitted light has a sharp peak. Therefore, when the peak is
shifted from a transparent wavelength region of the color
filter, the luminance of light transmitted through the color
filter deteriorates rapidly. With regard to light emitted from
the front direction, the luminance of light after transmission
through the color filter deteriorates to a large degree.

[0008] The present invention has been made in consider-
ation of the above-described circumstances of the related art,
and provides an organic EL element and an organic EL panel
which are capable of obtaining sufficient color reproduction
over a wide range of viewing angles without providing a color
filter.

Means to Solve the Problems

[0009] According to the present invention, an organic EL
element is provided having a reflective layer, a first electrode,
alight-emitting layer, a second electrode which is an anode or
a cathode, and a semi-transparent reflective layer disposed in
that order, wherein said semi-transparent reflective layer
comprises an optical adjustment layer formed of an insulating
material which is provided so as to contact said second elec-
trode on an opposite side from said light-emitting layer, and
said optical adjustment layer has a refractive index at a wave-
length 0f450 nm of not less than 1.915, and has an optical film
thickness, calculated as an arithmetic product of said refrac-
tive index and a film thickness, of not less than 70.174 nm and
not more than 140.347 nm.

[0010] Thatis, the organic EL element of the present inven-
tion includes a microresonator structure and the optical
adjustment layer having desired optical characteristics is pro-
vided therein. By adjusting a refractive index and an optical
film thickness of the optical adjustment layer, a color change
in the wide-angle direction is suppressed.

[0011] The relationship between a refractive index and a
film thickness of the optical adjustment layer; and a color
change in the wide-angle direction (in this specification,
sometimes referred to as viewing angle characteristics) will
be described in detail with reference to embodiments which
will be described below. According to a simulation which was
conducted by the present inventors using the Finite Differ-
ence Time Domain Method (FDTD method), the greater the
refractive index of the optical adjustment layer, the smaller
the color change of light when observed from the wide-angle
direction, and by designing an optical film thickness in a
desired range, this effect can be exhibited sufficiently. The
effect of suppressing a color change using the optical adjust-
ment layer is not determined solely by an optical film thick-
ness of the optical adjustment layer. Unless the optical adjust-
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ment layer has a refractive index of not less than a
predetermined refractive index, such an effect is not exhibited
sufficiently. That is, unless both of a refractive index and an
optical film thickness of the optical adjustment layer are
designed appropriately, a color change in the wide-angle
direction is not suppressed, and even if suppressed, the effect
is limited.

[0012] In the present invention, “a color change is sup-
pressed” means that a value of MaxAu'v', calculated in a
method which will be described in an embodiment below, is
not more than 0.081. If a value of MaxAu'v' falls within this
range, practically sufficient viewing angle characteristics can
be obtained even with the strictest evaluation criteria required
for an organic EL display and the like.

[0013] TItis preferable that a refractive index of said optical
adjustment layer be not less than 2.078. With this configura-
tion, a value of MaxAu'v' can be set to be not more than 0.07.
In addition, when a refractive index of the optical adjustment
layer is not less than 2.078 and an optical film thickness of the
optical adjustment layer is not more than 123.49 nm, a value
of MaxAu'v' can be set to be not more than 0.061. With this
configuration, an organic EL element in which a color change
is further reduced can be provided.

[0014] Said optical adjustment layer can be formed of one
material selected from the group consisting of silicon mon-
oxide (SiO), tungsten oxide (WO,), zinc sulfide (ZnS), N,N'-
bis(naphthalen-1-y1)-N,N'-bis(phenyl)-benzidine =~ (NPD),
and titanium dioxide (TiO,). Since these materials have
refractive indices of not less than 1.915, an effect of suppress-
ing a color change is high.

[0015] TItis preferable that an optical distance between said
reflective layer and said semi-transparent reflective layer be
set 50 as to possess a resonance wavelength in a blue light
wavelength region. As described above, in the organic EL
element having the microresonator structure, such a wave-
length shift is noticeable particularly in blue light. Therefore,
when the present invention is applied to an organic EL ele-
ment which emits blue light, the effect of the present inven-
tion is exhibited fully.

[0016] It is preferable that said light-emitting layer be
formed of a blue light-emitting material.

[0017] An organic ELL panel of the present invention
includes a plurality of the above-described organic EL ele-
ments of the present invention aligned on a substrate. With
this configuration, an organic EL panel capable of obtaining
sufficient color reproduction over a wide range of viewing
angles can be provided.

[0018] It is preferable that a plurality of organic EL ele-
ments which emit light of mutually different colors from
respective said semi-transparent reflective layers be provided
on said substrate and that refractive indices and optical film
thicknesses of said optical adjustment layers of said plurality
of organic EL elements be equal. With this configuration,
since optical adjustment layers can be formed on respective
organic EL elements through a common process, the manu-
facturing process can be simplified.

Effect of the Invention

[0019] According to the present invention, an organic EL
element in which a color change over a wide range of viewing
angles is reduced without using a color filter can be provided.
Therefore, as compared to a structure of Patent Document 1
using a color filter, a bright display can be realized with less
power consumption. In addition, when a color filter is used, it
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is necessary that the color filter be bonded while aligning the
color filter with the position of an organic EL element. How-
ever, in the present invention, since an optical adjustment
layer can be formed along with a process of forming an
organic EL element, a process is simple and manufacturing is
easy. Therefore, according to the present invention, a small
and inexpensive organic EL element and an organic EL panel
can be provided which have excellent color reproduction over
a wide range of viewing angles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1is a cross-sectional view schematically illus-
trating a configuration of an organic EL element.

[0021] FIG. 2 is a diagram illustrating measurement results
of refractive indices of materials constituting an optical
adjustment layer.

[0022] FIG. 3 is a diagram illustrating measurement results
of extinction coefficients of materials constituting an optical
adjustment layer.

[0023] FIG. 4 is a diagram illustrating fluorescence spectra
of'ared organic light-emitting material, a green organic light-
emitting material, and a blue organic light-emitting material
which are used for a simulation.

[0024] FIG. 5 is a diagram illustrating the relationship
between materials used for an optical adjustment layer and
viewing angle characteristics.

MODE FOR CARRYING OUT THE INVENTION

[0025] FIG. 1 is a cross-sectional view illustrating an
organic EL element 1 and an organic EL panel 100 according
to an embodiment of the present invention. The organic EL,
element 1 is an organic EL element having a so-called
microresonator structure in which a light-emitting layer 15 is
disposed between a reflective layer 11 and an optical adjust-
ment layer 19 and, among light rays emitted from the light-
emitting layer 15, a light ray having a resonance wavelength
corresponding to an optical distance between the reflective
layer 11 and the optical adjustment layer 19 is amplified and
emitted from the optical adjustment layer 19.

[0026] The optical adjustment layer 19 functions as a semi-
transparent reflective layer in which a part of light rays emit-
ted from the light-emitting layer 15 passes therethrough and
other light rays are reflected toward the light-emitting layer
11. The semi-transparent reflective layer only needs to
include the optical adjustment layer 19 formed of an insulat-
ing material which is provided so as to contact a second
electrode 18 including a cathode and an anode, and may
include a protective layer which protects the surface of the
optical adjustment layer 19. That is, the optical adjustment
layer 19 is a layer which is disposed in a position closest to the
second electrode side among single or multiple layers dis-
posed above the second electrode 18. If needed, single or
multiple layers such as a protective layer are formed above the
optical adjustment layer 19.

[0027] The organic EL panel 100 includes single or a plu-
rality of organic EL elements 1 aligned on a substrate 10. The
organic EL panel 100 is used as lighting equipment such as
organic EL lighting devices and display panels such as
organic EL displays.

[0028] The substrate 10 only needs to be one which is not
chemically changed when electrodes 12 and 18 are formed or
organic layers (for example, the light-emitting layer 15) are
formed thereon, and is configured using a substrate formed
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of, for example, glass, plastic, polymer film, or silicon, a
substrate obtained by laminating the above materials, or the
like. In addition, the substrate 10 may be one in which a
circuit layer including TFT, wirings, and the like is formed on
a substrate formed of glass or the like.

[0029] The organic EL element 1 includes at least one of
light-emitting layers formed of low-molecular and/or poly-
mer organic light-emitting materials between the pair of elec-
trodes 12 and 18. Examples of a constituent in the vicinity of
the light-emitting layer include a layer disposed between the
second electrode 18 and the light-emitting layer 15 and a layer
disposed between the first electrode 12 and the light-emitting
layer 15, as layers other than the first electrode 12, the second
electrode 18, and the light-emitting layer 15.

[0030] Examples ofthe layer disposed between the second
electrode 18 and the light-emitting layer 15 include an elec-
tron injection layer 17, an electron transport layer 16, and a
hole block layer. The electron injection layer 17 and the
electron transport layer 16 are layers having a function of
improving electron injection efficiency from the second elec-
trode 18 to the light-emitting layer 15. When the electron
injection layer 17 or the electron transport layer 16 has a
function of blocking hole transport, these layers 17 and 16
may be referred to as hole block layers. Whether these layers
have a function of blocking hole transport or not can be
examined by, for example, preparing an element through
which only hole current flows and checking a block effect
with the reduction of a current value thereof.

[0031] Examples of the layer disposed between the first
electrode 12 and the light-emitting layer 15 include a hole
injection layer 13, a hole transport layer 14 and an electron
block layer. The hole injection layer 13 and the hole transport
layer 14 are layers having a function of improving hole injec-
tion efficiency from the first electrode 11. When the hole
injection layer 13 or the hole transport layer 14 has a function
of'blocking electron transport, these layers 13 and 14 may be
referred to as electron block layers. Whether these layers have
a function of blocking electron transport or not can be exam-
ined by, for example, preparing an element through which
only electron current flows and checking a block effect with
the reduction of a current value thereof.

[0032] Here, the hole transport layer 14 is a layer having a
function of transporting a hole and the electron transport layer
16 is a layer having a function of transporting an electron. In
addition, the electron transport layer 16 and the hole transport
layer 14 are collectively referred to as a charge transport layer.
The light-emitting layer 15, the hole transport layer 14, and
the electron transport layer 16 may be formed as two or more
layers, respectively. In addition, among the charge transport
layers 14 and 16 which are provided adjacent to the electrodes
12 and 18, layers having a function of improving charge
injection efficiency from the electrode 12 and 18 and having
an effect of lowering drive voltage of an element may be
generally referred to as charge injection layers (hole injection
layer 13 and electron injection layer 17) in particular.

[0033] In order to improve the adhesion between the elec-
trodes 12 and 18 and the light-emitting layer and to improve
charge injection from the electrode 12 and 18, the charge
injection layers 13 and 17 or an insulating layer having a film
thickness of not more than 2 nm may be provided adjacent to
the electrode 12 and 18. In addition, for example, in order to
improve adhesion and prevent merging at an interface, a thin
buffer layer may be interposed at interfaces between the
charge transport layers 14 and 16 and the light-emitting layer
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15. The order and number of layers laminated and the thick-
nesses of the respective layers can be appropriately set in
consideration of luminous efficiency and element lifetime.
[0034] As the first electrode 12, for example, a transparent
electrode or a semi-transparent electrode formed of a metal
oxide, a metal sulfide, or a metal thin film having high electric
conductance can be used,. Among these, an electrode having
high transmittance is preferably used and can be appropri-
ately selected and used according to organic layers (such as a
hole injection layer) adjacent thereto.

[0035] Specifically, a film (for example, NESA) which is
prepared using conductive glass formed of indium oxide, zinc
oxide, tin oxide, or a complex thereof such as indium tin oxide
(ITO) or indium zinc oxide; gold; platinum; silver; copper;
and the like are used, and ITO, indium zinc oxide, and tin
oxide are preferable. Examples of a preparation method
include a vacuum deposition method, a sputtering method, an
ion plating method, and a plating method. In addition, as the
first electrode 12, an organic transparent conductive film such
as polyaniline or derivatives thereof and polythiophene or
derivatives thereof may be used.

[0036] The film thickness of the first electrode 12 can be
appropriately selected in consideration of light permeability
and electric conductance, for example from 10 nm to 10 pm,
preferably from 20 nm to 1 um, and further preferably from 50
nm to 500 nm.

[0037] As the reflective layer 11, a conductive film with
high reflectance such as aluminum (Al) or silver (Ag) or a
dielectric multilayer film with high reflectance in which two
or more conductive multilayer film having different refractive
indices are alternately laminated can be used. The reflective
layer 11 can be omitted when the first electrode 12 is formed
of'a conductive film with high reflectance such as aluminum
(Al orsilver (Ag). In this case, the first electrode 12 functions
as a reflective layer.

[0038] Theholeinjection layer 13 can be disposed between
the first electrode 12 and the hole transport layer 14 or
between the first electrode 12 and the light-emitting layer 15.
Examples of a material which forms the hole injection layer
13 include phenyl amines, star-burst amines, phthalocya-
nines, oxides such as vanadium oxide, molybdenum oxide,
ruthenium oxide, and aluminum oxide, amorphous carbon,
polyaniline, and polythiophene derivatives.

[0039] Examples of a material which constitutes the hole
transport layer 14 include polyvinylcarbazole or derivatives
thereof; polysilane or derivatives thereof; polysiloxane
derivatives having an aromatic amine at a side chain or main
chain; pyrazoline derivatives; arylamine derivatives; stilbene
derivatives; triphenyl diamine derivatives; polyaniline or
derivatives thereof polythiophene or derivatives thereof pol-
yarylamine or derivatives thereof polypyrrole or derivatives
thereof poly(p-phenylene vinylene) or derivatives thereof and
poly(2,5-thienylene vinylene) or derivatives thereof.

[0040] Among these, as a hole transport material used for
the hole transport layer 14, polymer hole transport materials
such as polyvinylcarbazole or derivatives thereof; polysilane
or derivatives thereof; polysiloxane derivatives having an aro-
matic amine at a side chain or main chain; polyaniline or
derivatives thereof; polythiophene or derivatives thereof; pol-
yarylamine or derivatives thereof, poly(p-phenylene
vinylene) or derivatives thereof; and poly(2,5-thienylene
vinylene) or derivatives thereof are preferable and polyvinyl-
carbazole or derivatives thereof; polysilane or derivatives
thereof; and polysiloxane derivatives having an aromatic
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amine at a side chain or main chain are further preferable. In
the case of a low-molecular hole transparent material, it is
preferable to use it in a state of being dispersed in a polymer
binder.

[0041] The light-emitting layer 15 includes organic mate-
rials (a low-molecular compound and a polymer compound)
which mainly emit fluorescence or phosphorescence. The
light-emitting layer 15 may include a dopant material. Light-
emitting-layer-forming materials which can be used in the
present invention are as follows, for example.

(Light-Emitting-Layer-Forming Material 1: Pigment-Based
Material)

[0042] Examples of a pigment-based material include
cyclopentamine derivatives, tetraphenyl butadiene derivative
compounds, triphenylamine derivatives, oxadiazole deriva-
tives, pyrazolo-quinoline derivatives, distyrylbenzene deriva-
tives, distyrylarylene derivatives, pyrrole derivatives,
thiophene ring-containing compounds, pyridine ring-con-
taining compounds, perinone derivatives, perylene deriva-
tives, oligothiophene derivatives, trifumanyl amine deriva-
tives, oxadiazole dimers, and pyrazoline dimers.

(Light-Emitting-Layer-Forming Material 2: Metal Complex-
Based Material)

[0043] Examples of a metal complex-based material
include a metal complex such as iridium complex or platinum
complex in which light is emitted in a triplet excited state; and
a metal complex such as aluminum quinolinol complex, ben-
zoquinolinol beryllium complex, benzoxazolyl zinc com-
plex, benzothiazole zinc complex, azomethyl zinc complex,
porphyrin zinc complex, or europium complex including Al,
Zn, Be or the like or rare earth metal such as Tb, Eu or Dy as
a central metal and including a structure of oxadiazole, thia-
diazole, phenylpyridine, phenylbenzimidazol, or quinoline as
a ligand.

(Light-Emitting-Layer-Forming Material 3: Polymer-Based
Material)

[0044] Examples of a polymer-based material include
polyparaphenylene vinylene derivatives, polythiophene
derivatives, polyparaphenylene derivatives, polysilane
derivatives, polyacetylene derivatives, polyfluorene deriva-
tives, polyvinylcarbazole derivatives, and polymers of the
above pigment-based materials and the above metal complex-
based materials.

[0045] Examples of materials which emit blue light among
the above light-emitting-layer-forming materials include
distyrylarylene derivatives, oxadiazole derivatives, polymers
thereof, polyvinylcarbazole derivatives, poly(paraphenylene)
derivatives, and polyfluorene derivatives. Among these, poly-
mer materials such as polyvinylcarbazole derivatives, poly
(paraphenylene) derivatives, and polyfluorene derivatives are
preferable.

[0046] Examples of materials which emit green light
among the above light-emitting-layer-forming materials
include quinacridone derivatives, coumarin derivatives, poly-
mers thereof, polyparaphenylene vinylene derivatives, and
polyfluorene derivatives. Among these, polymer materials
such as polyparaphenylene vinylene derivatives, and poly-
fluorene derivatives are preferable.

[0047] In addition, examples of materials which emit red
light among the above light-emitting-layer-forming materials
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include coumarin derivatives, thiophene ring-containing
compounds, polymers thereof, polyparaphenylene vinylene
derivatives, polythiophene derivatives, and polyfluorene
derivatives. Among these, polymer materials such as polypar-
aphenylene vinylene derivatives, polythiophene derivatives,
and polyfluorene derivatives are preferable.

(Light-Emitting-Layer-Forming Material 4: Dopant Mate-
rial)

[0048] In order to improve luminous efficiency and to
change an emission wavelength, a dopant may be added to the
light-emitting layer. Examples of such a dopant include
perylene derivatives, coumarin derivatives, rubrene deriva-
tives, quinacridone derivatives, squalium derivatives, porphy-
rin derivatives, styryl-based pigments, tetracene derivatives,
pyrazolone derivatives, decacyclene, and phenoxazone.
[0049] As a material which forms the electron transport
layer 16, well-known materials can be used, and examples
thereof include oxadiazole derivatives, anthraquin-
odimethane or derivatives thereof, benzoquinone or deriva-
tives thereof, naphthoquinone or derivatives thereof,
anthraquinone or derivatives thereof, tetracyano-an-
thraquino-dimethane or derivatives thereof, fluorenone
derivatives, diphenyl dicyanoethylene or derivatatives
thereof, diphenoquinone or derivatatives thereof, 8-hydrox-
yquinoline or metal complexes of derivatives thereof,
polyquinoline or derivatives thereof, polyquinoxaline or
derivatives thereof, and polyfluorene or derivatives thereof.
[0050] Among these, oxadiazole derivatives, benzo-
quinone or derivatives thereof, anthraquinone or derivatives
thereof, 8-hydroxyquinoline or metal complexes of deriva-
tives thereof, polyquinoline or derivatives thereof, polyqui-
noxaline or derivatives thereof, and polyfluorene or deriva-
tives thereof are preferable, and 2-(4-biphenylyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole, benzoquinone,
anthraquinone, tris(8-quinolinol)aluminum, and polyquino-
line are further preferable.

[0051] As described above, the electron injection layer 17
is disposed between the electron transport layer 16 and the
second electrode 18 or between the light-emitting layer 15
and the second electrode 18. As the electron injection layer
17, according to the kind of the light-emitting layer 15, the
electron injection layer 17 can be provided including a single-
layer structure of a Ca layer or an electron injection layer
having a laminated structure of a Ca layer and a layer which
is formed of one or two or more kinds selected from the group
consisting of metals other than Ca belonging to IA group and
IIA group of the periodic system and having a work function
of 1.5 eV 10 3.0 eV; and oxides, halides, and carbonates of the
metals. Examples include metals belonging to IA group of the
periodic system and having a work function of 1.5 eV to 3.0
eV; and oxides, halides, and carbonates of the metals include
lithium, lithium fluoride, sodium oxide, lithium oxide, and
lithium carbonate. Examples include metals other than Ca
belonging to IIA group of the periodic system and having a
work function of 1.5 eV to 3.0 eV, and oxides, halides, and
carbonates of the metals include strontium, magnesium
oxide, magnesium fluoride, strontium fluoride, barium fluo-
ride, strontium oxide, and magnesium carbonate.

[0052] As the second electrode 18, a transparent electrode
or a semi-transparent electrode can be used, and examples
thereof include metals, graphite or graphite intercalation
compounds, inorganic semiconductors such as ZnO (Zinc
oxide), conductive transparent electrodes such as ITO (in-
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dium tin oxide) and IZO (indium zinc oxide), and metal
oxides such as strontium oxide and barium oxide. Examples
of' metals include alkali metal such as lithium, sodium, potas-
sium, rubidium, or cesium; alkali earth metal such as beryl-
lium, magnesium, calcium, strontium, or barium; transition
metal such as gold, silver, platinum, copper, manganese, tita-
nium, cobalt, nickel, or tungsten; tin, aluminum, scandium,
vanadium, zinc, yttrium, indium, cerium, samarium,
europium, terbium, or ytterbium; and an alloy of two or more
kinds thereof. Examples of the alloy include magnesium-
silver alloy, magnesium-indium alloy, magnesium-aluminum
alloy, indium-silver alloy, lithium-aluminum alloy, lithium-
magnesium alloy, lithium-indium alloy, and calcium-alumi-
num alloy. In addition a cathode may have a laminated struc-
ture of two or more layers. An example thereof includes a
laminated structure of metals, metal oxides, fluorides, and
alloys thereof which are described above, and metals such as
aluminum, silver, and chrome.

[0053] The optical adjustment layer 19 is formed to cover
anexposed side of the second electrode 18 above the substrate
10 (on an opposite side from the light-emitting layer 15). The
exposed side of the second electrode 18 above the substrate 10
is a light exit side of the second electrode 18 where light is
emitted from light-emitting layer 15, and the optical adjust-
ment layer 19 contacts the light exit side of the second elec-
trode 18.

[0054] As a material which forms the optical adjustment
layer 19, an insulating material having a high refractive index
and a low extinction coefficient may be used. Examples of
inorganic materials include metal oxide, metal complex
oxide, metal sulfide, and metal complex sulfide, examples of
metal oxide include titanium oxide (TiO,), tungsten oxide
(WO,), aluminum oxide (Al,O;), and silicon monoxide
(Si0O), and an example of metal sulfide includes zinc sulfide
(ZnS). In addition at least one material selected from the
group consisting of the above materials may be used alone or
a plurality of materials may be used in combination.

[0055] Even when an organic material is used as a material
which forms the optical adjustment layer 19, an insulating
material having a high refractive index and a low extinction
coefficient can be preferably used. An example thereof
includes N,N'-bis(naphthalen-1-y1)-N,N'-bis(phenyl)-benzi-
dine (NPD). An organic titanium compound may be used. In
addition, a material in which an organic material which forms
the optical adjustment layer 19 is used as a base material and
metal oxide particles having a high refractive index are dis-
persed therein, can be preferably used.

[0056] When a material with a high refractive index which
is mixed in the optical adjustment layer 19 is in the form of
particles, it is preferable that the particles be uniformly dis-
persed in the layer. The material with a high refractive index
which is mixed to the organic layer in the form of particles
may be dispersed only in the layer such that an interface of the
organic layer be not disarranged or may be dispersed such that
the material protrude toward the outside of the layer from the
interface to form convex and concave portions. By forming
the convex and concave portions on the interface of the
organic layer, a refractive index is further adjusted, which is
preferable from the viewpoint of improving the overall con-
trollability of refractive index.

[0057] Examples of a method of forming the optical adjust-
ment layer 19 which is formed of the group of the above
materials include a vacuum deposition method, electron
beam method, ion plating method, sputtering method, and
plating method, and when wet film-formation can be used for
the material, a spin-coating method, a barcode method, a
printing method, or the like is used.
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[0058] In addition, in the organic EL element 1 illustrated
in FIG. 1, the first electrode 12 is used as an anode and the
second electrode 18 is used as a cathode, but these may be
arranged reversely. That is, from the substrate side, a cathode,
an electron injection layer, an electron transport layer, a light-
emitting layer, a hole transport layer, a hole injection layer,
and an anode may be disposed in that order. In addition, in the
organic EL element 1 illustrated in FIG. 1, from the substrate
10 side, the reflective layer 11, the light-emitting layer 15, and
the optical adjustment layer 19 are disposed in that order and
a top emission structure in which light is extracted from the
side opposite the substrate 10 is adopted. However, from the
substrate 10 side, the optical adjustment layer, the light-emit-
ting layer, and the reflective layer are disposed in that order
and a bottom emission structure in which light is extracted
from the substrate 10 side is adopted.

EXAMPLES

[0059] Hereinafter, examples of the present invention will
be described. Examples described below are preferred
examples for describing the present invention and do not limit
the present invention.

[0060] FIGS.2 and 3 are diagrams illustrating the results of
measuring refractive indices and extinction coefficients of
materials constituting the optical adjustment layer, which are
used in the present examples, at a wavelength of 450 nm using
an ellipsometer (manufactured by J.A Woolam Co., Inc.,
M-2000). FIG. 4 is a diagram illustrating the measurement
results of fluorescence spectra of a red organic light-emitting
material, a green organic light-emitting material, and a blue
organic light-emitting material which constitute the light-
emitting layer of the organic EL element. FIG. 5 is a diagram
illustrating the evaluation results of viewing angle character-
istics of the organic EL element. For the evaluation of viewing
angle characteristics, a Finite Difference Time Domain
Method (FDTD method), which is a method of electromag-
netic wave analysis, was used. SETFOS manufactured by
Fluxim AG was used as simulation software. Optic constants
and emission spectra of respective materials were input to this
software for FDTD simulation.

[0061] Inthe present example, as materials which form the
optical adjustment layer, silicon monoxide (SiO), tungsten
oxide (WOs,), zinc sulfide (ZnS), N,N'-bis(naphthalen-1-yl)-
N,N'-bis(phenyl)-benzidine (NPD), magnesium fluoride
(MgF), and titanium dioxide (TiO,) were used. Samples,
which were obtained by changing actual film thicknesses of
the above materials at intervals of 10 nm in a range of 10 nm
to 100 nm, were set to Configuration Example B1 to B60, G1
to G60, and R1 to R60, and viewing angle characteristics
were evaluated.

[0062] In the cases of Configuration Examples B1 to B60,
the blue light-emitting material was applied to the light-emit-
ting layer and an optical distance between the reflective layer
and the semi-transparent reflective layer was set so as to
possess a resonance wavelength in a blue light wavelength
region. In the cases of Configuration Examples G1 to G60, the
green light-emitting material was applied to the light-emit-
ting layer and an optical distance between the reflective layer
and the semi-transparent reflective layer was set so as to
possess a resonance wavelength in a green light wavelength
region. In the cases of Configuration Examples R1 to R60, the
red light-emitting material was applied to the light-emitting
layer and an optical distance between the reflective layer and
the semi-transparent reflective layer was set so as to possess a
resonance wavelength in a red light wavelength region. Con-
figuration Example B1 to B60, G1 to G60, and R1 to R60,
have the same configuration, except that light-emitting layers
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were formed of different light-emitting materials with differ-
ent actual film thicknesses and optical adjustment layers were
formed of different light-emitting materials with different
actual film thicknesses.

[0063] In Configuration Examples B1 to B60, configura-
tions are the same except for the optical adjustment layer.
That is, on a glass substrate, a 100 nm-thick Ag electrode and
a 15 nm-thick ITO electrode were laminated as the first elec-
trode; a 15 nm-thick poly(3,4-ethylenedioxythiophene)/poly
(styrenesulfonate) (referred to as PEDOT) was laminated as
the hole injection layer; a 20 nm-thick hole transport material
(manufactured by Sumation Co., Ltd., trade name: HT1100)
was laminated as the hole transport layer; a 45 nm-thick blue
light-emitting material (manufactured by Sumation Co., Ltd.,
trade name: Lumation BP361) was laminated as a blue light-
emitting layer; a 5 nm-thick Ba electrode and a 20 nm-thick
Ag electrode were laminated as the second electrode. In addi-
tion, on the surface of the second electrode, an optical adjust-
ment layer formed of any one of SiO, WO, ZnS, NPD, MgF,
and TiO, was laminated in any one of film thicknesses of 10
nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 90
nm, and 100 nm. In this way, organic EL elements according
to Configuration Examples B1 to B60 were obtained. In addi-
tion, the first electrode also serves as the reflective layer.
[0064] In Configuration Examples G1 to G60, configura-
tions are the same except for the optical adjustment layer.
That is, on a glass substrate, a 100 nm-thick Ag electrode and
a 15 nm-thick ITO electrode were laminated as the first elec-
trode; a 15 nm-thick poly(3,4-ethylenedioxythiophene)/poly
(styrenesulfonate) (referred to as PEDOT) was laminated as
the hole injection layer; a 20 nm-thick hole transport material
(manufactured by Sumation Co., Ltd., trade name: HT1100)
was laminated as the hole transport layer; a 65 nm-thick green
light-emitting material (manufactured by Sumation Co., Ltd.,
trade name: Lumation G1304) was laminated as a green light-
emitting layer; a 5 nm-thick Ba electrode and a 20 nm-thick
Ag electrode were laminated as the second electrode. In addi-
tion, on the surface of the second electrode, an optical adjust-
ment layer formed of any one of SiO, WO, ZnS, NPD, MgF,
and TiO, was laminated in any one of film thicknesses of 10
nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 90
nm, and 100 nm. In this way, organic EL elements according
to Configuration Examples G1 to G60 were obtained. In
addition, the first electrode also serves as the reflective layer.
[0065] In Configuration Examples R1 to R60, configura-
tions are the same except for the optical adjustment layer.
That is, on a glass substrate, a 100 nm-thick Ag electrode and
a 15 nm-thick ITO electrode were laminated as the first elec-
trode; a 15 nm-thick poly(3,4-ethylenedioxythiophene)/poly
(styrenesulfonate) (referred to as PEDOT) was laminated as
the hole injection layer; a 20 nm-thick hole transport material
(manufactured by Sumation Co., Ltd., trade name: HT1100)
was laminated as the hole transport layer; a 78 nm-thick red
light-emitting material (manufactured by Sumation Co., Ltd.,
trade name: Lumation RP158) was laminated as a red light-
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emitting layer; a 5 nm-thick Ba electrode and a 20 nm-thick
Ag electrode were laminated as the second electrode. In addi-
tion, on the surface of the second electrode, an optical adjust-
ment layer formed of any one of SiO, WO, ZnS, NPD, MgF,
and TiO, was laminated in any one of film thicknesses of 10
nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 90
nm, and 100 nm. In this way, organic EL elements according
to Configuration Examples R1 to R60 were obtained. In addi-
tion, the first electrode also serves as the reflective layer.

[0066] In the organic EL elements of Configuration
Examples above, the luminance of light extracted from a front
direction (normal direction of the substrate) and emission
spectra thereof at respective viewing angles, which range
from 0° to 85° at intervals of 5°, were calculated using the
FDTD method. As a result, chromaticity coordinates (x, y) of
xy Chromaticity Diagram (CIE 1931) were calculated from
the emission spectra. With regard to dependency of chroma-
ticity on viewing angle, chromaticity coordinates (X, y) at
respective viewing angles were converted to chromaticity
coordinates (u', v') of uv Chromaticity Diagram (CIE 1976)
using (Expression 1); chromaticity differences Au'v', which
are the distances between chromaticity coordinates (u';, v',)
and (u',, v',) of uv Chromaticity Diagram for two viewing
angles shifted by 5°, for example, 5° and 10°, 10° and 15°, and
15° and 20°, were calculated using (Expression 2); and the
maximum chromaticity difference MaxAu'v' was evaluated
for dependency of chromaticity on viewing angle.

(Expression 1)
u'=4x/(-2x+12y+3)
V'=6y/(-2x+12p+3)
(Expression 2)
Auv'={(u'—uP+ (v M

[0067] FIG. S is a diagram illustrating the results of exam-
ining the relationship between the materials used for the
optical adjustment layer and MaxAu'v' in Configuration
Examples B1 to B60. In FIG. 5 the horizontal axis represents
actual film thicknesses of the optical adjustment layers and
the vertical axis represents values of MaxAu'v'. Tables 1 to 6
collectively show refractive indices and optical film thick-
nesses of the optical adjustment layers, luminance ratios of
light emitted from the front direction, display colors (coordi-
nates of chromaticity diagram CIEx and CIEy) in the front
direction (at a viewing angle of 0°), and MaxAu'v', in Con-
figuration Examples B1 to B60, G1 to G60, and R1 to R60.
Here, “refractive indices” represent refractive index at a
wavelength of 450 nm and “luminance ratios” represent lumi-
nance ratios in a case where the luminance values of the
organic EL. elements according to Configuration Examples
B0, GO, and RO, which are not provided with an optical
adjustment layer, are 1.

TABLE 1
Optical Refractive  Actual Optical

Configuration  Adjustment Index Film Film Luminance

Example No. Layer at 450 nm Thickness Thickness Ratio CIEx CIEy MaxAu'v
BO None (Air) 1 0 0.000 1.000 0.110 0.188  0.155
B1 NPD 1.915 10 19.150 1.087 0.112 0.191  0.158
B2 20 38.300 1.169 0.117 0.184  0.148
B3 30 57.450 1.220 0.122 0.166  0.118
B4 40 76.600 1.220 0.127 0.144  0.080
B5 50 95.750 1.171 0.128 0.129  0.060
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TABLE 1-continued
Optical Refractive  Actual Optical

Configuration  Adjustment Index Film Film Luminance

Example No.  Layer at450 nm Thickness Thickness Ratio CIEx CIEy MaxAu'v'
B6 60 114.900 1.090 0.126 0.125  0.067
B7 70 134.050 1.002 0.123 0.129 0.081
B8 80 153.200 0.926 0.119 0.136 0.096
B9 90 172.350 0.872 0.116 0.145 0.107
B10 100 191.500 0.844 0.113 0.154  0.119
B11 MgF 1.330 10 13.300 1.029 0.111 0.190  0.159
B12 20 26.600 1.063 0.112 0.190  0.159
B13 30 39.900 1.096 0.113 0.187 0.156
B14 40 53.200 1.125 0.114 0.182 0.150
B1S 50 66.500 1.146 0.116 0.176  0.144
B16 60 79.800 1.155 0.117 0.170  0.135
B17 70 93.100 1.151 0.118 0.164  0.126
B18 80 106.400 1.135 0.118 0.161 0.121
B19 90 119.700 1.109 0.118 0.159  0.117
B20 100 133.000 1.076 0.117 0.160  0.118
B21 SiO 2.078 10 20.780 1.093 0.113 0.192  0.217
B22 20 41.560 1.161 0.119 0.181 0.194
B23 30 62.340 1.164 0.126 0.157 0.138
B24 40 83.120 1.098 0.129 0.134  0.056
B2S 50 103.900 1.009 0.128 0.123  0.055
B26 60 124.680 0.895 0.125 0.124 0.070
B27 70 145.460 0.812 0.121 0.131 0.086
B28 80 166.240 0.757 0.117 0.141  0.102
B29 90 187.020 0.731 0.114 0.151  0.113
B30 100 207.800 0.733 0.112 0.161 0.123
B31 TiO, 2.339 10 23.391 1.131 0.114 0.192 0.154
B32 20 46.782 1.204 0.123 0.171  0.116
B33 30 70.174 1.163 0.131 0.133  0.053
B34 40 93.565 1.048 0.133 0.110 0.041
B35 50 116.956 0.920 0.129 0.107 0.058
B36 60 140.347 0.816 0.124 0.115  0.069
B37 70 163.738 0.750 0.119 0.127  0.097
B38 80 187.130 0.727 0.115 0.140 0.113
B39 90 210.521 0.745 0.113 0.151 0.124
B40 100 233.912 0.803 0.113 0.158  0.133

TABLE 2
Optical Refractive  Actual Optical

Configuration  Adjustment Index Film Film Luminance

Example No. Layer at450 nm Thickness Thickness Ratio CIEx CIEy MaxAu'v'
B41 WO, 2.138 10 21.380 1.116 0.114 0.184  0.206
B42 20 42.760 1.208 0.121 0.174  0.194
B43 30 64.140 1.213 0.128 0.147  0.123
B44 40 85.520 1.134 0.132 0.120  0.037
B45 50 106.900 1.019 0.131 0.109  0.043
B46 60 128.280 0.910 0.127 0.110  0.059
B47 70 149.660 0.828 0.123 0.118  0.086
B48 80 171.040 0.795 0.117 0.136  0.105
B49 90 192.420 0.782 0.114 0.148 0.119
B50 100 213.800 0.804 0.112 0.158 0.129
B51 ZnS 2.470 10 24.698 1.163 0.115 0.194 0.221
BS52 20 49.396 1.231 0.126 0.166 0.163
BS53 30 74.094 1.140 0.134 0.121 0.032
B54 40 98.792 1.028 0.134 0.101 0.039
BSS 50 123.490 0.851 0.129 0.103 0.061
B56 60 148.188 0.758 0.123 0.114 0.082
B57 70 172.886 0.716 0.118 0.128 0.102
B58 80 197.584 0.725 0.114 0.143  0.118
B59 90 222.282 0.786 0.112 0.155  0.131

B60 100 246.980 0.897 0.114 0.160 0.139
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TABLE 3
Optical Refractive  Actual Optical

Configuration  Adjustment Index Film Film Luminance

Example No. Layer at450 nm Thickness Thickness Ratio CIEx CIEy MaxAu'v'
GO None (Air) 1 0 0.000 1.000 0.266 0.691 0.032
G1 NPD 1.915 10 19.150 1.037 0.273 0.684 0.036
G2 20 38.300 1.084 0.276 0.677 0.038
G3 30 57.450 1.132 0.275 0.671 0.038
G4 40 76.600 1.176 0.268 0.671 0.033
G5 50 95.750 1.212 0.256 0.677 0.024
G6 60 114.900 1.233 0.242 0.688 0.017
G7 70 134.050 1.224 0.233 0.700 0.016
G8 80 153.200 1.181 0.229 0.709  0.016
G9 90 172.350 1.118 0.230 0.713  0.017
G10 100 191.500 1.052 0.233 0.714  0.020
Gl11 MgF 1.330 10 13.300 1.014 0.268 0.689  0.034
G12 20 26.600 1.033 0.270 0.686  0.035
G13 30 39.900 1.058 0.271 0.685  0.036
Gl14 40 53.200 1.084 0.270 0.683  0.036
GI15 50 66.500 1.112 0.269 0.683  0.036
Gl16 60 79.800 1.137 0.266 0.684  0.035
G17 70 93.100 1.158 0.263 0.685  0.034
GI18 80 106.400 1.171 0.259 0.688  0.031
G19 90 119.700 1.175 0.256 0.691 0.029
G20 100 133.000 1.168 0.254 0.694 0.027
G21 Sio 2.078 10 20.780 1.039 0.275 0.681 0.036
G22 20 41.560 1.082 0.279 0.672 0.039
G23 30 62.340 1.117 0.275 0.667 0.035
G24 40 83.120 1.143 0.262 0.671 0.025
G25 50 103.900 1.159 0.243 0.683 0.015
G26 60 124.680 1.149 0.229 0.699 0.014
G27 70 145.460 1.102 0.223 0.711 0.015
G238 80 166.240 1.032 0.224 0.717  0.016
G29 90 187.020 0.963 0.229 0.718  0.019
G30 100 207.800 0.909 0.235 0.715  0.022
G31 TiO, 2.339 10 23.391 1.049 0.277 0.678  0.037
G32 20 46.782 1.090 0.280 0.666  0.039
G33 30 70.174 1.114 0.269 0.662  0.030
G34 40 93.565 1.135 0.245 0.673 0.015
G35 50 116.956 1.144 0.222 0.695 0.014
G36 60 140.347 1.107 0.212 0.713 0.016
G37 70 163.738 1.031 0.212 0.722 0.017
G38 80 187.130 0.952 0.219 0.724  0.019
G39 90 210.521 0.895 0.227 0.720  0.022
G40 100 233.912 0.868 0.236 0.714  0.025

TABLE 4
Optical Refractive  Actual Optical

Configuration  Adjustment Index Film Film Luminance

Example No.  Layer at450 nm Thickness Thickness Ratio CIEx CIEy MaxAu'v'
G41 WO, 2.138 10 21.380 1.051 0.276 0.680  0.037
G42 20 42.760 1.103 0.280 0.670  0.039
G43 30 64.140 1.144 0.275 0.664  0.035
G44 40 85.520 1.176 0.258 0.669  0.022
G45 50 106.900 1.200 0.236 0.685  0.014
G46 60 128.280 1.191 0.221 0.703  0.015
G47 70 149.660 1.136 0.217 0.715  0.016
G438 80 171.040 1.059 0.220 0.720  0.017
G49 90 192.420 0.989 0.226 0.720 0.020
G50 100 213.800 0.940 0.233 0.716 0.023
G51 ZnS 2.470 10 24.698 1.066 0.280 0.675 0.038
G52 20 49.396 1.111 0.283 0.660 0.039
G533 30 74.094 1.126 0.265 0.658 0.023
G54 40 98.792 1.146 0.232 0.677 0.012
G55 50 123.490 1.143 0.209 0.705 0.017
G56 60 148.188 1.080 0.204 0.722 0.017
G57 70 172.886 0.993 0.209 0.728 0.018
G58 80 197.584 0.925 0.219 0.726  0.021
G59 90 222.282 0.893 0.229 0.719  0.024

G60 100 246.980 0.900 0.240 0.709 0.028
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TABLE 5
Optical Refractive  Actual Optical

Configuration  Adjustment Index at Film Film Luminance

Example No. Layer 450 nm  Thickness Thickness Ratio CIEx CIEy MaxAu'v'
RO None (Air) 1 0 0.000 1.000 0.644 0.354 0.008
R1 NPD 1.915 10 19.150 1.105 0.647 0.352 0.011
R2 20 38.300 1.218 0.649 0.349 0.014
R3 30 57.450 1.317 0.651 0.347 0.019
R4 40 76.600 1.371 0.653 0.345 0.022
RS 50 95.750 1.358 0.654 0.344 0.023
R6 60 114.900 1.282 0.653 0.345 0.017
R7 70 134.050 1.170 0.651 0.347 0.008
R8 80 153.200 1.055 0.649 0.350  0.004
R9 90 172.350 0.955 0.646 0.353  0.004
R10 100 191.500 0.878 0.643 0.356  0.006
R11 MgF 1.330 10 13.300 1.037 0.645 0.353  0.010
R12 20 26.600 1.078 0.646 0.353  0.010
R13 30 39.900 1.120 0.647 0352  0.012
R14 40 53.200 1.159 0.648 0.351 0.014
R15 50 66.500 1.192 0.648 0.350  0.016
R16 60 79.800 1.214 0.649 0.350  0.017
R17 70 93.100 1.223 0.649 0.349  0.018
R18 80 106.400 1.216 0.649 0.350  0.017
R19 90 119.700 1.195 0.649 0.350 0.017
R20 100 133.000 1.163 0.648 0.351 0.015
R21 Sio 2.078 10 20.780 1.137 0.648 0.351 0.012
R22 20 41.560 1.277 0.651 0.347 0.016
R23 30 62.340 1.374 0.654 0.344 0.021
R24 40 83.120 1.379 0.656 0.342 0.023
R25 50 103.900 1.283 0.656 0.343 0.015
R26 60 124.680 1.134 0.653 0.345 0.005
R27 70 145.460 0.987 0.650 0.349 0.004
R28 80 166.240 0.869 0.646 0.353  0.006
R29 90 187.020 0.787 0.643 0.356  0.008
R30 100 207.800 0.738 0.640 0.358  0.011
R31 TiO, 2.339 10 23.391 1.170 0.649 0.350  0.013
R32 20 46.782 1.323 0.653 0.345  0.020
R33 30 70.174 1.376 0.656 0.342  0.025
R34 40 93.565 1.283 0.657 0.341 0.020
R3S 50 116.956 1.101 0.654 0.344  0.008
R36 60 140.347 0.923 0.650 0.349  0.004
R37 70 163.738 0.789 0.645 0.354  0.006
R38 80 187.130 0.702 0.641 0.358  0.008
R39 90 210.521 0.656 0.638 0.360 0.010
R40 100 233.912 0.643 0.636 0.362 0.011

TABLE 6
Optical Refractive  Actual Optical

Configuration  Adjustment Index Film Film Luminance

Example No. Layer at450 nm Thickness Thickness Ratio CIEx CIEy MaxAu'v'
R41 WO, 2.138 10 21.380 1.158 0.648 0.351 0.011
R42 20 42.760 1.319 0.652 0.346  0.019
R43 30 64.140 1.423 0.655 0.343  0.024
R44 40 85.520 1.407 0.656 0.341 0.023
R45 50 106.900 1.277 0.656 0.342 0.014
R46 60 128.280 1.103 0.652 0.346 0.004
R47 70 149.660 0.948 0.648 0.350 0.004
R48 80 171.040 0.833 0.644 0.355 0.007
R49 90 192.420 0.760 0.641 0.358 0.009
R50 100 213.800 0.722 0.638 0.360 0.011
RS51 ZnS 2.470 10 24.698 1.226 0.650 0.349 0.013
RS2 20 49.396 1.425 0.655 0.343 0.022
R53 30 74.094 1.452 0.658 0.339 0.025
R54 40 98.792 1.268 0.658 0.340  0.012
RSS 50 123.490 1.021 0.653 0.345  0.004
R56 60 148.188 0.829 0.647 0.351 0.006
R57 70 172.886 0.710 0.642 0.357  0.010
R58 80 197.584 0.647 0.638 0.361 0.012
R59 90 222.282 0.631 0.635 0.363  0.012

R60 100 246.980 0.655 0.634 0.363 0.012
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[0068] As shown in FIG. 5, values of MaxAu'v' vary
depending on the actual film thicknesses of the optical adjust-
ment layers, and when the actual film thickness is in a range
0f30 nm to 90 nm in any one of all of the optical adjustment
layers, a value of MaxAu'v' is the minimum value. That is, by
limiting the actual film thickness of the optical adjustment
layer in a predetermined range, it can be seen that a color
change can be suppressed to the minimum.

[0069] Refractive indices of the respective optical adjust-
ment layers are as follows: MgF: 1.33; NPD: 1.915; SiO:
2.078; WO;: 2.138; ZnS: 2.4698; and TiO,: 2.339. The actual
film thickness of the MgF optical adjustment layer in which a
value of MaxAu'v' is the minimum value is 90 nm, the actual
film thickness of the NPD optical adjustment layer in which a
value of MaxAu'v' is the minimum value is 50 nm, the actual
film thickness of the SiO optical adjustment layer in which a
value of MaxAu'v' is the minimum value is 50 nm, the actual
film thickness of the WO; optical adjustment layer in which a
value of MaxAu'v' is the minimum value is 40 nm, the actual
film thickness of the ZnS optical adjustment layer in which a
value of MaxAu'v' is the minimum value is 30 nm, and the
actual film thickness of the TiO, optical adjustment layer in
which a value of MaxAu'v' is the minimum value is 40 nm.

[0070] From the above description, it can be seen that the
greater the refractive index, the smaller the value of the actual
film thickness in which a value of MaxAu'v' is the minimum
value. Therefore, it can be seen that, when an evaluation is
performed on the basis of the optical film thickness, which is
a product of the refractive index and the actual film thickness
ofthe optical adjustment layer, the optical film thicknesses of
the optical adjustment layers in which a value of MaxAu'v' is
the minimum value are approximately constant, irrespective
of the materials of the optical adjustment layers. In addition,
in the case of MgF having the minimum refractive index, a
value of MaxAu'v' is not changed greatly even when the actual
film thickness of the optical adjustment layer is changed, and
thus it can be seen that, in order to suppress a color change in
the wide-angle direction, it is preferable that the refractive
index of the optical adjustment layer be more than 1.33.

[0071] As described above, the viewing angle characteris-
tics of the organic EL element vary depending on the refrac-
tive index and the optical film thickness of the optical adjust-
ment layer, and the greater the refractive index of the optical
adjustment layer, the smaller the color change in the wide-
angle direction. The effect of suppressing color using the
optical adjustment layer is not determined by only an optical
film thickness of the optical adjustment layer. Unless the
optical adjustment layer has a refractive index of not less than
a predetermined refractive index, such an effect is not exhib-
ited sufficiently. That is, unless both of a refractive index and
an optical film thickness of the optical adjustment layer are
designed appropriately, a color change in the wide-angle
direction is not suppressed, and even if suppressed, the effect
is limited.

[0072] As clearly seen from FIG. 5, in order to obtain the
effect of suppressing color using the optical adjustment layer,
as the optical adjustment, one having a refractive index of not
less than 1.915 may be used. In addition, according to Tables
1 to 6, in order to suppress a change of observed light suffi-
ciently, the optical film thickness, which is a product of the
refractive index and the actual film thickness of the optical
adjustment layer, may be not less than 70.174 nm and not
more than 140.347 nm.
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[0073] Here, “a color change is suppressed” means that a
value of MaxAu'v' is not more than 0.081. If a value of
MaxAu'v' falls within this range, practically sufficient view-
ing angle characteristics can be obtained even in a case where,
for example, an organic EL element is formed for each pixel
to form a full-color organic EL display.

[0074] According to Tables 1 and 2, in Configuration
Examples B4 to B7, B24 to B26, B33 to B36, B44 to B46, and
B53 to B55, all the optical film thicknesses are not less than
70.174 nm and not more than 140.347 nm and all the values of
MaxAu'v' are not more than 0.081. In addition, according to
Tables 3 to 6, all the values of MaxAu'v' are not more than
0.039 in Configuration Examples G1 to G60 and R1 to R60,
and a color change in the wide-angle direction is barely gen-
erated. Accordingly, it can be seen that a color change of blue
light is the most important issue and that, if this color change
is suppressed, practically sufficient viewing angle character-
istics can be obtained even with the strictest evaluation crite-
ria required for an organic EL display and the like.

[0075] TItis preferablethat the refractive index of the optical
adjustment layer be not less than 2.078. According to Table 1,
by setting the refractive index of the optical adjustment layer
to be not less than 2.078, a value of MaxAu'v' can be set to be
not more than 0.07. For example, in any one of Configuration
Examples B24 to B26, B33 to B36, B44 to B46, and B53 to
B55 which are shown in Table 1, All the refractive indices are
not less than 2.078 and all the values of MaxAu'v' are not more
than 0.07. With this configuration, an organic EL. element
with further less color change can be provided.

[0076] More preferably, when the refractive index is not
less than 2.078 and the optical film thickness is not less than
74.094 nm and not more than 123.49 nm, a value of MaxAu'v'
can be set to be not more than 0.061. For example, in Con-
figuration Examples B24 to B25, B34 to B35, B44 to B45,
and B53 to B55, all the optical film thicknesses are not less
than 74.094 nm and not more than 123.49 nm, and thus all the
values of MaxAu'v' are not more than 0.061. With this con-
figuration, an organic EL element with further less color
change can be provided.

[0077] As described above, according to the organic EL
element 1 of the present invention, an organic EL element in
which a color change over a wide range of viewing angles is
reduced without using a color filter can be provided. There-
fore, as compared to a structure of Patent Document 1 using
a color filter, a bright display can be realized with less power
consumption. In addition, when a color filter is used, a high-
level bonding process is necessary in which the color filter is
bonded while aligning the color filter with the position of an
organic EL element. On the other hand, in the present inven-
tion, the optical adjustment layer 19 can be formed along with
a process of forming the organic EL element 1 by, for
example, continuously forming the second electrode 18 and
the optical adjustment layer 19 in the same film-forming
apparatus. Accordingly, a process is simple and manufactur-
ing is easy. Therefore, the small and inexpensive organic EL.
element 1 and the organic EL panel 100 which have excellent
color reproduction over a wide range of viewing angles can be
provided.

[0078] Various devices such as organic EL devices or
organic EL light devices can be applied to the above-de-
scribed organic EL element 1. For example, single or multiple
organic EL elements 1 are disposed on the substrate 10; and
optical distances between reflective layers and optical adjust-
ment layers of the respective organic EL elements 1 are
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adjusted to be the same. As a result, an organic EL light device
which emits single-color illumination light can be provided.
In addition, three kinds of pixels which respectively emit red
light, green light, and blue light are disposed on the substrate
10 in a matrix; and optical distances between reflective layers
and optical adjustment layers of organic EL elements which
are formed for red pixels, green pixels, and blue pixels are
designed such that red light, green light, and blue light are
respectively amplified. As a result, an organic EL display in
which full-color display is possible can be provided.

[0079] When an organic EL display is manufactured, it is
preferable that light-emitting layers of organic EL elements
which are formed for red pixels, green pixels, and blue pixels
be formed by only the red light-emitting material, the green
light-emitting material, and the blue light-emitting material,
respectively. As a result, the usage efficiency of light emitted
from the light-emitting layers can be improved. In addition, it
is preferable that all the actual film thicknesses of the optical
adjustment layers be the same in the organic ELL elements
which emit the respective color light rays. As a result, an
organic EL panel with less color unevenness can be provided,
and since organic adjustment layers can be formed in respec-
tive organic EL elements through a common process, manu-
facturing processes are simplified.

Industrial Applicability

[0080] The present invention provides a novel organic EL
element, which is industrially applicable.

1. An organic EL element having a reflective layer, a first
electrode, a light-emitting layer, a second electrode, and a
semi-transparent reflective layer disposed in that order,
wherein said semi-transparent reflective layer comprises an
optical adjustment layer formed of an insulating material
which is provided so as to contact said second electrode on an
opposite side from said light-emitting layer, and said optical
adjustment layer has a refractive index at a wavelength of 450
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nm of not less than 1.915, and has an optical film thickness,
calculated as an arithmetic product of said refractive index
and a film thickness, of not less than 70.174 nm and not more
than 140.347 nm.

2. The organic EL element according to claim 1, wherein
the refractive index of said optical adjustment layer is not less
than 2.078.

3. The organic EL element according to claim 2, wherein
an optical film thickness of said optical adjustment layer is not
more than 123.49 nm.

4. The organic EL element according to claim 1, wherein
said optical adjustment layer is formed of one material
selected from the group consisting of silicon monoxide (SiO),
tungsten oxide (WO,), zinc sulfide (ZnS), N,N'-bis(naphtha-
len-1-y1)-N,N'-bis(phenyl)-benzidine and titanium dioxide
(TiO,).

5. The organic EL element according to claim 1, wherein
an optical distance between said reflective layer and said
semi-transparent reflective layer is set so as to possess a
resonance wavelength in a blue light wavelength region.

6. The organic EL element according to claim 5, wherein
said light-emitting layer is formed of a blue light-emitting
material.

7. An organic EL panel, comprising a plurality of the
organic EL element according to claim 1 aligned on a sub-
strate.

8. An organic EL panel, comprising a plurality of the
organic EL element according to claim 6 aligned on a sub-
strate.

9. An organic EL panel according to claim 7, wherein a
plurality of organic EL elements which emit light of mutually
different colors from respective said semi-transparent reflec-
tive layers are provided on said substrate, and refractive indi-
ces and optical film thicknesses of said optical adjustment
layers of said plurality of organic EL elements are equal.
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