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(57) ABSTRACT

An organic EL element (1) according to the present invention
is such that a positive and negative charge transport layer (30)
is interposed between a cathode (20) and an anode (10). The
positive and negative charge transport layer (30) is composed
of a single host material and has a light-emitting region (33)
which is doped with a light-emitting dopant. The positive and
negative charge transport layer (30) further has at least one of
the following blocking regions: an electron blocking region
(32), provided closer to the anode (10) than the light-emitting
region (33), having a lowest unoccupied molecular orbital
lower than that of the lowest unoccupied molecular orbital of
the light-emitting region (33); and a hole blocking region
(34), provided closer to the cathode (20) than the light-emit-
ting region (33), having a highest occupied molecular orbital
higher than that of the highest occupied molecular orbital of
the light-emitting region (33).
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ORGANIC ELECTROLUMINESCENT
ELEMENT, METHOD FOR
MANUFACTURING SAME, AND ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescent element that realizes a high luminance, a high
efficiency, and a long lifetime, a method for manufacturing
the same, and an organic electroluminescent display device.

BACKGROUND ART

[0002] In the past, cathode-ray tube display devices were
the mainstream of display devices, but in recent years the
needs for thin flat-panel displays (FPDs) have been growing.
There are various kinds of FPDs, among which known are
non-self-luminous liquid crystal displays (LCD), self-lumi-
nous plasma display panels (PDP), inorganic electrolumines-
cent (inorganic EL) displays, organic electroluminescent (or-
ganic EL) displays, for example.

[0003] In particular, organic EL displays have thin, light-
weight display-use elements (organic EL element) and have
properties such as low-voltage driving, high luminance, and
self-luminance. Because of this, research and development of
the organic EL displays have been actively carried out.
Recently, there have been expected applications of the
organic EL displays to light sources for an electrophoto-
graphic copier, a printer, an organic semiconductor laser, and
other devices and to luminous objects such as a display,
lighting, a liquid crystal backlight, and the like. The use of the
organic EL elements, which provide surface emission, as
luminous objects offers the advantages of showing high color
rendering properties and facilitating light controls. Further,
the organic EL elements have many advantages. For example,
the organic EL elements are mercury-free, while fluorescent
lamps contain mercury. Besides, the organic EL elements
emit ultraviolet-free light.

[0004] Typical organic EL elements are heterojunction-
type organic EL elements as shown in FIG. 5. FIG. 5 is a
diagram showing a cross-section of a conventional hetero-
junction-type organic EL element 120a. The heterojunction-
type organic EL element 120a shown in FIG. 5 has a multi-
layer structure wherein a hole injection layer 113, a hole
transport layer 114, a light-emitting layer 115, a hole block-
ing layer 116, and an electron transport layer 117, an electron
injection layer 118, and other layers are provided between an
anode 112 and a cathode 119. The organic EL element
employing such a multilayer structure enables increase in
luminous efficiency and increase in lifetime of light emission.
[0005] Inrecent years, organic EL elements prepared with
a phosphorescent material as a light-emitting layer have been
spreading. The organic EL elements prepared with a phos-
phorescent material have the advantages of a high luminous
efficiency and a long lifetime of light emission.

[0006] The organic EL element having the above-described
structure enhances luminous efficiency and lifetime of light
emission. However, a complex layer structure of the organic
EL element results in the problem of a complicated manufac-
turing process, thus causing increase in cost of a manufactur-
ing apparatus, increase in material costs, and other problems.
[0007] In order to solve the above problems, a homojunci-
ton-type organic EL element composed of a single matrix
which includes a light-emitting region between the electrodes
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has been studied. However, it is not easy to achieve an organic
EL element with a high performance of a host material and a
high efficiency in injection of holes and electrons from an
anode and a cathode. As a result, there have been developed a
homojunction-type organic EL element 2205 doped with a
material that enhances an efficiency in injection of holes and
electrons, as shown in FIG. 6.

[0008] For the homojunction-type organic EL element
2205 shown in FIG. 6, a matrix (host) of a single substance is
doped with other substance from outside, thereby forming an
acceptor region 200, and a light-emitting region 201, a donor
region 202, and others, all of which constitutes a positive and
negative charge transporting light-emitting layer. That is, the
homojunction-type organic EL element has a plurality of
regions in the single matrix (positive and negative charge
transporting light-emitting layer). Such a structure, which is a
simple layer structure, enables a simplified manufacturing
process.

[0009] For example, Non-Patent Literature 1 discloses a
homojunction-type organic EL element emitting light beams
of three primary colors. The organic EL element disclosed in
Non-Patent Literature 1 is such that an organic thin film of 50
nm to 100 nm in thickness and an aluminum (Al) metal
(cathode) are sequentially formed on a transparent electrode
(anode) of indium tin oxide (ITO) by vacuum deposition. The
organic thin film contains bis(carbazolyl)benzodifuran
(CzBDF) as a single matrix (host). An area of 30 nm from the
anode in the matrix is subjected to p-type doping by co-
deposition with an inorganic oxidizing agent (vanadium pen-
toxide). On the other hand, an area of 20 nm from the cathode
is subjected to n-type doping by the co-deposition with a
reducing agent (metal cesium). The above structure facilitates
injection of charges from the electrodes to CzBDF and trans-
port of charges.

[0010] In addition, in the organic EL element of the Non-
Patent Literature 1, an intermediate layer (50 nm to 100 nm in
thickness), which is not doped with an oxidizing agent and a
reducing agent, is doped with a blue fluorescent pigment, a
green fluorescent pigment, and a red phosphorescent pig-
ment. This realizes primary-color light emission attributed to
light emission of the pigments. In particular, a green fluores-
cent element exerts an external quantum efficiency of 4.2%,
which is close to a theoretical efficiency limit (5%) of a
fluorescent organic EL. element, at a high luminance of
60,000 candelas/m?>.

[0011] The properties described above are considered to be
attributed to the following CzBDF characteristics (1) through
B3):

[0012] (1) being highly balanced, of high mobility, and

capable of transporting positive and negative charges;
[0013] (2) being of an adequately large energy gap (on the
order of 3 eV) between a highest occupied molecular orbital
(HOMO) and a lowest unoccupied molecular orbital
(LUMO), and being a wide gap material; and

[0014] (3) being capable of effectively trapping electrical
charges in luminescent pigments.

CITATION LIST
Non-Patent Literature
Non-Patent Literature 1

[0015] ADVANCED MATERIALS 2009, Vo. 21, No. 37,
p. 3776-3779
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SUMMARY OF INVENTION
Technical Problem

[0016] However, the aforementioned configuration shown
in FIG. 6 has the following problems.

[0017] (1) The use of a single host with a hole mobility and
an electron mobility of much the same degree results in a
failure to trap charges of holes and electrons due to hole-
electron recombination in a bulk, and a difference in degree of
decrease between the hole mobility and the electron mobility
due to aging causes unbalanced proportion of holes and elec-
trons. This results in lifetime problems such as decrease in
luminous efficiency and color aberration incident to shift of a
recombination site.

[0018] (2) A high luminance is not achieved because the
failure to trap electrical charges causes ineffective hole-elec-
tron recombination in conditions of a high luminance (when
operated at a high current).

Solution to Problem

[0019] The present invention has been attained in view of
the above problems, and an object of the present invention is
to provide an organic electroluminescent element that real-
izes a high luminance, a high efficiency, and a long lifetime,
a method for manufacturing the same, and an organic elec-
troluminescent display device.

[0020] That is, in order to solve the above problems, an
organic electroluminescent element according to the present
invention is an organic electroluminescent element including:
[0021] apositive and negative charge transport layer having
a hole transporting capability and an electron transporting
capability;

[0022] an anode;

[0023] a cathode; and

[0024] a substrate,

[0025] the positive and negative charge transport layer
being interposed between the anode and the cathode,

[0026] the positive and negative charge transport layer, the
anode, and the cathode being stacked on the substrate,
[0027] the positive and negative charge transport layer,
which is a homojunction-type layer, including:

[0028] a light-emitting region which is doped with a light-
emitting dopant,

[0029] the positive and negative charge transport layer fur-
ther including at least one of:

[0030] an electron blocking region, provided closer to the
anode than the light-emitting region, having a lowest unoc-
cupied molecular orbital an absolute value of which is smaller
than that of the lowest unoccupied molecular orbital of the
light-emitting region; and

[0031] a hole blocking region, provided closer to the cath-
ode than the light-emitting region, having a highest occupied
molecular orbital an absolute value of which is larger than that
ofthe highest occupied molecular orbital of the light-emitting
region,

[0032] the positive and negative charge transport layer
being formed to be a thin layer by reaction of at least one of
organic material components for the positive and negative
charge transport layer on a surface of the substrate or in a
vapor phase.

[0033] According to the above configuration, the organic
electroluminescent element according to the present inven-
tion is such that the positive and negative charge transport
layer has the light-emitting region and at least one of the
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electron blocking region that blocks movement of electrons
and the hole blocking region that blocks movement of holes.
[0034] Therefore, holes propagated from the anode and
electrons propagated from the cathode are trapped in the
light-emitting region. This makes it possible to increase the
probability of electron-hole recombination in the light-emit-
ting region, thus decreasing a drive voltage for the organic EL
element 1.

[0035] Moreover, the increase of the probability of elec-
tron-hole recombination in the light-emitting region enables
an enhanced internal quantum efficiency and an enhanced
luminous efficiency.

[0036] However, the positive and negative charge transport
layer does not necessarily include both the electron blocking
region and the hole blocking region. Even if the positive and
negative charge transport layer includes either one of them, it
is possible to sufficiently increase the probability of electron-
hole recombination.

[0037] Therefore, it is possible to provide an organic elec-
troluminescent element that realizes a high luminance, a high
efficiency, and a long lifetime.

[0038] Note that the homojunction-type layer herein may
be composed of a single host material or multiple host mate-
rials. Details will be described later.

[0039] Further, the present invention encompasses an
organic electroluminescent display device including: display
means having an organic electroluminescent element with the
above-described configuration formed on a thin-film transis-
tor substrate.

[0040] In order to solve the above problems, a method for
manufacturing an organic electroluminescent element
according to the present invention is a method for manufac-
turing an organic electroluminescent element including a
homojunction-type positive and negative charge transport
layer having a hole transporting capability and an electron
transporting capability interposed between an anode and a
cathode,

[0041] the method comprising:

[0042] (a)astep of forming the positive and negative charge
transport layer, comprising the sub-steps of:
[0043] (i) forming a light-emitting region by doping a
host material with a light-emitting dopant; and
[0044] (ii) forming at least one of the following blocking
regions: an electron blocking region, provided closer to
the anode than the light-emitting region, having a lowest
unoccupied molecular orbital absolute value of which is
smaller than that of the lowest unoccupied molecular
orbital of the light-emitting region; and a hole blocking
region, provided closer to the cathode than the light-
emitting region, having a highest occupied molecular
orbital an absolute value of which is larger than that of
the highest occupied molecular orbital of the light-emit-
ting region,
[0045] the step (a) forming the positive and negative charge
transport layer to be a thin layer by reaction of at least one of
organic material components for the positive and negative
charge transport layer on a surface of the substrate or in a
vapor phase.
[0046] According to the above method for manufacturing
an organic electroluminescent element, it is possible to pro-
vide an organic electroluminescent element including the
positive and negative charge transport layer in which the
light-emitting region is interposed between the electron



US 2012/0267619 Al

blocking region that blocks movement of electrons and the
hole blocking region that blocks movement of holes.

[0047] Owing to the electron blocking region and the hole
blocking region, holes propagated from the anode and elec-
trons propagated from the cathode are trapped in the light-
emitting region. This makes it possible to increase the prob-
ability of electron-hole recombination in the light-emitting
region, thus decreasing a drive voltage for the organic EL
element 1.

[0048] Moreover, the increase of the probability of elec-
tron-hole recombination in the light-emitting region enables
an enhanced internal quantum efficiency and an enhanced
luminous efficiency.

[0049] However, the positive and negative charge transport
layer does not necessarily include both the electron blocking
region and the hole blocking region. Even if the positive and
negative charge transport layer includes either one of them, it
is possible to sufficiently increase the probability of electron-
hole recombination.

[0050] Therefore, according to the above method, it is pos-
sible to provide an organic electroluminescent element that
realizes a high luminance, a high efficiency, and a long life-
time.

[0051] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

Advantageous Effects of Invention

[0052] As described above, an organic electroluminescent
element according to the present invention is an organic elec-
troluminescent element including:

[0053] apositive and negative charge transport layer having
a hole transporting capability and an electron transporting
capability;

[0054] an anode;

[0055] a cathode; and

[0056] a substrate,

[0057] the positive and negative charge transport layer

being interposed between the anode and the cathode,

[0058] the positive and negative charge transport layer, the
anode, and the cathode being stacked on the substrate,
[0059] the positive and negative charge transport layer,
which is a homojunction-type layer, including;:

[0060] a light-emitting region which is doped with a light-
emitting dopant,

[0061] the positive and negative charge transport layer fur-
ther including at least one of:

[0062] an electron blocking region, provided closer to the
anode than the light-emitting region, having a lowest unoc-
cupied molecular orbital an absolute value of which is smaller
than that of the lowest unoccupied molecular orbital of the
light-emitting region; and

[0063] a hole blocking region, provided closer to the cath-
ode than the light-emitting region, having a highest occupied
molecular orbital an absolute value of which is larger than that
ofthe highest occupied molecular orbital of the light-emitting
region,

[0064] the positive and negative charge transport layer
being formed to be a thin layer by reaction of at least one of
organic material components for the positive and negative
charge transport layer on a surface of the substrate or in a
vapor phase.
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[0065] As described above, a method for manufacturing an
organic electroluminescent element according to the present
invention is a method for manufacturing an organic electrolu-
minescent element including a homojunction-type positive
and negative charge transport layer having a hole transporting
capability and an electron transporting capability interposed
between an anode and a cathode,
[0066] the method comprising:
[0067] (a)astep of forming the positive and negative charge
transport layer, comprising the sub-steps of:
[0068] (i) forming a light-emitting region by doping a
host material with a light-emitting dopant; and
[0069] (ii) forming at least one of the following blocking
regions: an electron blocking region, provided closer to
the anode than the light-emitting region, having a lowest
unoccupied molecular orbital absolute value of which is
smaller than that of the lowest unoccupied molecular
orbital of the light-emitting region; and a hole blocking
region, provided closer to the cathode than the light-
emitting region, having a highest occupied molecular
orbital an absolute value of which is larger than that of
the highest occupied molecular orbital of the light-emit-
ting region,
[0070] the step (a) forming the positive and negative charge
transport layer to be a thin layer by reaction of at least one of
organic material components for the positive and negative
charge transport layer on a surface of the substrate or in a
vapor phase.
[0071] This makes it possible to provide an organic elec-
troluminescent element that realizes a high luminance, a high
efficiency, and a long lifetime.

BRIEF DESCRIPTION OF DRAWINGS

[0072] FIG.1

[0073] FIG. 1 is a cross-sectional view showing a cross
section of an organic electroluminescent element according
to an embodiment of the present invention.

[0074] FIG.2

[0075] FIG. 2 is an energy diagram of regions constituting
a positive and negative charge transport layer of an organic
electroluminescent element according to one embodiment of
the present invention.

[0076] FIG.3

[0077] FIG. 3 is a cross-sectional view showing a cross
section of an organic electroluminescent display device
according to an embodiment of the present invention.
[0078] FIG.4

[0079] FIG. 4 is an energy diagram of regions constituting
a positive and negative charge transport layer of an organic
EL element of a comparative configuration.

[0080] FIG.5
[0081] FIG. 5is a view showing the conventional configu-
ration.

[0082] FIG. 6

[0083] FIG. 6 is a view showing the conventional configu-
ration.

DESCRIPTION OF EMBODIMENTS
[1] Overview of Organic EL, Element

[0084] An organic electroluminescent element (hereinafter
referred to as “organic EL element”) according to the present



US 2012/0267619 Al

embodiment will be described with reference to FIG. 1. FIG.
1 is a cross-sectional view showing a cross-sectional view of
an organic EL element 1.

[0085] As shownin FIG. 1, the organic EL element accord-
ing to the present embodiment has the following configura-
tion. That is, a structure in which a positive and negative
charge transport layer (organic layer) 30 is interposed
between an anode 10 and a cathode 20 is formed on a sub-
strate 40. The positive and negative charge transport layer 30
has a hole transporting capability and an electron transporting
capability.

[0086] In addition, the positive and negative charge trans-
port layer 30 has a light-emitting region 33 doped with a
light-emitting dopant. The organic EL element according to
the present embodiment is configured so as to make holes and
electrons effectively trapped in the light-emitting region 33.
This configuration, of which details will be described later, is
realized by such a structure that the light-emitting region 33 is
interposed between an electron blocking region 32, which
blocks movement of electrons, and a hole blocking region 34,
which blocks movement of holes. This makes it possible to
increase the probability of electron-hole recombination in the
light-emitting region 33, while maintaining a high mobility of
holes and electrons in the positive and negative charge trans-
port layer 30.

[0087] (Positive and Negative Charge Transport Layer)
[0088] The following will describe further details of the
configuration of the positive and negative charge transport
layer of the organic EL element 1.

[0089] AsshowninFIG. 1, the positive and negative charge
transport layer 30 is separated into a hole injection transport
region 31 (charge generation region), the electron blocking
region 32, the light-emitting region 33, the hole blocking
region 34, and an electron injection transport region 35
(charge generation region). In a direction from the anode 10 to
the cathode 20, the hole injection transport region 31, the
electron blocking region 32, the light-emitting region 33, the
hole blocking region 34, and the electron injection transport
region 35 are arranged in this order.

[0090] The hole injection transport region 31 propagates
holes, which are injected from the anode 10 thereinto, to the
light-emitting region 33 via the electron blocking region 32.
Meanwhile, the electron injection transport region 6 propa-
gates electrons, which are injected from the cathode 3 there-
into, to the light-emitting region 33 via the hole blocking
region 34. The propagated holes and electrons are recom-
bined with each other in the light-emitting region 33, which in
turn causes light emission of the organic EL element 1.

[0091] (Host Material of the Positive and Negative Charge
Transport Layer)

[0092] The positive and negative charge transport layer 30
is a homojunction layer.

[0093] The “homojunction layer” as used herein, which is a
layer being interposed between the electrodes and constituted
by a single matrix including the light-emitting region, has
functions as a host layer for a host-to-guest-type organic EL,
emission and capabilities of injecting and transporting holes
and electrons, i.e. positive and negative charges. One type of
material is preferably used. However, this is not the only
possibility. As described later, the host material may be com-
posed of plural types of materials rather than one type of
material. With this, hole mobility and electron mobility can be
adjusted even with a compound having a low positive and
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negative charge transporting property in itself. Similarly,
HOMO and LUMO levels, etc. can also be adjusted.

[0094] The host material for the positive and negative
charge transport layer 30 is classified into low-molecular
materials and high-molecular materials.

[0095] Examples of the low-molecular materials includes
derivatives of benzofurans such as bis(carbazolyl)benzodifu-
ran (CzBDF), cyclopentadiene derivatives, tetraphenylbuta-
diene derivatives, triphenylamine derivatives, oxadiazole
derivatives, bathophenanthroline derivatives, pyrazoloquino-
line derivatives, styrylbenzene derivatives, styrylarylene
derivatives, aminostylyl derivatives, silole derivatives,
thiophene ring compounds, pyridine ring compounds,
perinone derivatives, perylene derivatives, oligothiophene
derivatives, coumalin derivatives, rubrene derivatives, quina-
cridone derivatives, squalium derivatives, porphyrin deriva-
tives, styryl-based coloring matter, tetracene derivatives,
pyrazoline  derivatives, trifumanylamine derivatives,
anthracene derivatives, diphenylanthracene derivatives,
pyrene derivatives, carbazole derivatives, oxadiazole dimer,
pyrazoline dimer, aluminum-quinolinol complex, benzo-
quinolinol-beryllium complex, benzoxazole-zinc complex,
benzothiazole-zinc complex, azomethyl-zinc complex, por-
phyrin-zinc complex, europium complexes, iridium com-
plexes, platinum complexes, etc. and metal complexes having
a metal such as aluminum (Al), zinc (Zn), beryllium (Be),
platinum (Pt), iridium (Ir), terbium (Tb), europium (Eu), or
dysprosium (Dy) as a central metal and having an oxadiazole,
thiadiazole, phenylpyridine, phenylbenzoimidazole, quino-
line structure, or the like as a ligand.

[0096] Examples of the high-molecular material include
poly(oxadiazole) (Poly-OXZ), polystyrene derivatives
(PSS), polyaniline-camphor sulfonic acid (PANI-CSA), poly
(triphenylamine-oxadiazole) derivatives (poly-TPD-OXD),
and poly(carbazol-triazol) derivatives (Poly-Cz-TAZ).
[0097] To obtain a high luminous efficiency, it is preferable
to use a positive and negative charge transporting material
having a singlet excitation level (S,) higher than a triplet
excitation level (T,) of an organic light-emitting material.
That is, it is more preferable that the relationship of S,>T,
holds. This allows excitation energy to be trapped in a phos-
phorescent material.

[0098] Therefore, suitable as the positive and negative
charge transporting material are (i) the following compounds
having a high excitation level and a high hole mobility and
their derivatives, (ii) the following compounds having a high
electron mobility and their derivatives, and (iii) compounds
containing the compounds (i) and the compounds (ii) as func-
tional groups. Particularly, preferable are compounds con-
taining, as functional groups, both the compounds having a
high hole mobility and a high electron mobility and their
derivatives. With this, hole mobility and electron mobility can
be adjusted even with a compound having a low positive and
negative charge transporting property in itself. Similarly,
HOMO and LUMO levels, etc. can also be adjusted.

[0099] The material having a hole transporting capability
has a property of transporting holes, a property of injecting
holes, and a property of blocking electrons, regardless of
whether the material is organic or inorganic. Examples of
such material include aromatic tertiary amine compounds and
styrylamine compounds, arylamine, porphyrin, carbazole,
triazole, oxadiazole, imidazole, polyaryl alkane, pyrazolone
and pyrazoline, phenylenediamine, amino-substituted chal-
cone, oxazole, styryl anthracene, fluorenone, hydrazone, stil-
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bene, silazane, crosslinked siloxane, ethylene polymers con-
taining TPD side chain group, ammonium compound-doped
triphenylamine polymers, isoindole, polyisoindole, hexathie-
nylbenzene-based compounds, fluorine-containing ary-
lamine polymers, NPD introduced heterocyclic ring, pyrazo-
line-based compounds, diphenylacetylene polymers,
crosslinkable triphenylamine monomers, heat-resistant
indolocarbazole derivatives, triphenylamine-based com-
pounds, imide resin such as polyimide, chalcogenide-based
compounds, fluorenyl group-containing compounds, conju-
gated polymers containing nitrogen and sulfur, carbazole-
thiophene-based copolymers, PMMA-based polymers,
spiro-TAD, TPD acrylate-based polymers, and their deriva-
tives.

[0100] As amatter of course, the hole transporting material
and its functional group having the property of transporting
holes are not limited to the above-described substances.
[0101] The material having an electron transporting capa-
bility and its functional group have a property of transporting
electrons, a property of injecting electrons, and a property of
blocking holes, regardless of whether the material is organic
or inorganic. Examples of such material and its functional
group include oxadiazole, thiadiazole, quinoxaline, con-
densed polycyclic hydrocarbon compounds, condensed het-
erocyclic compounds, heterocyclic compounds, and polycy-
clic compounds. More specifically, examples of the
condensed polycyclic hydrocarbon compounds include naph-
thalene, anthracene, tetracene, pentacene, pyrene, coronene,
chrysene, diphenylanthracene, naphthacene, phenanthrene,
and their derivatives. Examples of the condensed heterocyclic
compounds include acridine, bathophenanthroline, phenan-
throline, phenanthridine, quinoline, quinoxaline, phenazine,
perylene, naphthaloperylene, and their derivatives. Examples
of the heterocyclic compounds include bipyridine, fluorene,
diphenylquinone, thiopyran, anthraquinodimethane,
anthrone, fluorenylidenemethane, and their derivatives.
Examples of polycyclic compounds include biphenyl, p-ter-
phenyl, quaterphenyl, and their derivatives. Another
examples include fluorescein, phthaloperylene, perinone,
phthaloperynone, naphthaloperynone, diphenylbutadiene,
tetraphenylbutadiene, aldazine, bisbenzoxazoline, bisstyryl,
pyrazine, cyclopentadiene, oxine, aminoquinoline, imine,
diphenylethylene, vinylanthracene, diaminocarbazole,
pyran, thiopyran, polymethine, merocyanine, quinacridone,
rubrene, carbodiimide, and their derivatives. As a matter of
course, the electron transporting material and its functional
group having the property of transporting electrons are not
limited to the above-described substances.

[0102] (Light-Emitting Region ofthe Positive and Negative
Charge Transport Layer)

[0103] The light-emitting region 33 in the positive and
negative charge transport layer 30 is doped with an organic
light-emitting material. In this case, it is preferable that the
light-emitting region 33 is doped with the organic light-emit-
ting material so that concentration of the organic light-emit-
ting material to the positive and negative charge transporting
material preferably ranges from approximately 1% to 20% by
weight, more preferably approximately 6% by weight.
[0104] Further, it is more preferable that a concentration
gradient of the organic light-emitting material continuously
increases from respective end faces of the light-emitting
region 33 on the electron blocking region 32 side and on the
hole blocking region 34 side toward the center of the light-
emitting region 33. If obviously separated layers of the
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organic light-emitting material are made in the light-emitting
region 33, interfaces are generated in the light-emitting
region 33. This may result in losses caused by difference in
refractive index and mobility between materials of the sepa-
rated layers. However, formation of the continuous concen-
tration gradient of the organic light-emitting material elimi-
nates obvious interfaces, thus reducing optical and electrical
losses.

[0105] Provision of such a concentration gradient can be
realized by means of cluster-type vacuum deposition equip-
ment. However, it is preferable to use an in-line-type equip-
ment capable of gradient doping with a material deposition
rate maintained constant. This makes it possible to increase
efficiency and reliability of a manufacturing process. Specifi-
cally, aregion where two doped materials are present together
is formed. This makes it possible to easily achieve the gradi-
ent doping from a mechanical viewpoint and to thus make the
gradient.

[0106] As the organic light-emitting material, a publicly
known organic light-emitting material for organic EL ele-
ment can be used. Examples of the organic light-emitting
material include fluorescent materials such as styryl deriva-
tives, perylene, iridium complexes, coumalin derivatives,
Lumogen F Red, dicyanomethylene pyran, phenoxazone, and
polyphyllin derivatives, and phosphorescent organic metal
complexes such as bis[(4,6-difluorophenyl)-pyridinato-N,
C2'picolinate iridium(III)(Flrpic), tris(2-phenylpyridyl)iri-
dium (IID(Ir(ppy);), tris (1-phenyl isoquinoline)iridium(III)
(Ir(piq);), and tris((biphenylquinoxalinato)iridium(IIT)
(Q31Ir). Among these substances, a phosphorescent material is
preferably used for the purpose of dramatically reducing
power consumption.

[0107] (Electron Blocking Region of the Positive and
Negative Charge Transport Layer)

[0108] As described above, in the organic EL. element 1
according to the present embodiment, the electron blocking
region 32 contributes to effective trapping of the holes and
electrons in the light-emitting region 33. This will be
described with reference to FIG. 2. FIG. 2 is a diagram show-
ing the energy diagram of the regions that constitutes the
positive and negative charge transport layer 30 of the organic
EL element 1.

[0109] As shown in FIG. 2, the electron blocking region 32
has a lowest unoccupied molecular orbital (LUMO level) 321
lower than a lowest unoccupied molecular orbital 331 of the
light-emitting region 33. This makes it possible to block the
electrons having been propagated from the electron injection
transport region 35 from passing through the light-emitting
region 33 to the hole injection transport region 31 and the
anode 10. That is, the electrons having been propagated from
the electron injection transport region 35 stay in the light-
emitting region 33. This makes it possible to trap the electrons
in the light-emitting region 33, while the number of electrons
passing through the light-emitting region 33 to the hole injec-
tion transport region 31 and the anode 10 is curbed as com-
pared with the configuration in which the electron blocking
region 32 is not provided.

[0110] More specifically, it is preferable that the lowest
unoccupied molecular orbital (LUMO level) of the electron
blocking region 32 is, as far as possible, lower than that of the
light-emitting region 33. The difference in the lowest unoc-
cupied molecular orbital between the electron blocking
region 32 and the light-emitting region 33 is desired to be in
the order of 0.1 eV, but preferably not less than 1 eV. In other
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words, it is preferable that an absolute value of the lowest
unoccupied molecular orbital (LUMO level) of the electron
blocking region 32 is, as far as possible, smaller than that of
the lowest unoccupied molecular orbital (LUMO level) of the
light-emitting region 33.

[0111] The capability of blocking electrons attributes to the
presence of difference in LUMO between the host and the
electron blocking region. Therefore, a specific numerical
value of the lowest unoccupied molecular orbital (LUMO
level) of the electron blocking region 32 cannot be deter-
mined by the electron blocking region 32 alone. This is
because when the LUMO of'the host increases and decreases,
the LUMO level suitable for the electron blocking region
increases and decreases accordingly.

[0112] Here, one example is taken with the assumption that
the lowest unoccupied molecular orbital of the electron
blocking region 32 is lower than that of the light-emitting
region 33. In this case, the lowest unoccupied molecular
orbital (LUMO level) of the electron blocking region 32 is in
a range from 4.0 eV to 1.0 eV, and the lowest unoccupied
molecular orbital of the light-emitting region 33 is in a range
from 4.5 eV to 2.0 eV.

[0113] The electron blocking region 32 is formed by dop-
ing the aforementioned positive and negative charge trans-
porting material with a dopant (electron blocking material).

[0114] Examples of the dopant (electronic blocking mate-
rial) include 1,1-bis[4-[N,N-di(p-tolyl)amino]phenyl]cyclo-
hexane, triarylamine derivatives, carbazole derivatives,
crosslinked siloxane, ethylene polymers containing TPD side
chain group, ammonium compound-doped triphenylamine
polymers, isoindole, polyisoindole, hexathienylbenzene-
based compounds, fluorine-containing arylamine polymers,
NPD introduced heterocyclic ring, pyrazoline-based com-
pounds, diphenylacetylene polymers, crosslinkable tripheny-
lamine monomers, heat-resistant indolocarbazole deriva-
tives, triphenylamine-based compounds, imide resin such as
polyimide, chalcogenide-based compounds, fluorenyl group-
containing compounds, conjugated polymers containing
nitrogen and sulfur, carbazole-thiophene-based copolymers,
PMMA-based polymers, spiro-TAD, and TPD acrylate-
based polymers. Other than these substances, any materials
used in general as the hole transporting material can be used.
[0115] Ifthe positive and negative charge transport layer 30
is a gradient-doped layer, a continuous concentration gradient
can be formed in the electron blocking region 32. If the
positive and negative charge transport layer 30 is an obviously
separated layer rather than a gradient-doped layer, interfaces
are generated therein. This may result in losses caused by
difference in refractive index and mobility between materials
ofthe separated layers. However, formation of the continuous
concentration gradient eliminates obvious interfaces, thus
reducing optical and electrical losses.

[0116] (Hole Blocking Region of the Positive and Negative
Charge Transport Layer)

[0117] As described above, in the organic EL. element 1
according to the present embodiment, not only the electron
blocking region 32 but also the hole blocking region 34 con-
tributes to effective trapping of the holes and electrons in the
light-emitting region 33.

[0118] As shown in FIG. 2, the hole blocking region 34 has
a highest occupied molecular orbital (HOMO level) 34H
higher than a highest occupied molecular orbital 33H of the
light-emitting region 33. This makes it possible to block the
holes having been propagated from the hole injection trans-
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port region 31 from passing through the light-emitting region
33 to the electron injection transport region 35 and the cath-
ode 20. That is, the holes having been propagated from the
hole injection transport region 31 stay in the light-emitting
region 33. This makes it possible to trap the holes in the
light-emitting region 33, while the number of holes passing
through the light-emitting region 33 to the electron injection
transport region 35 and the cathode 20 is curbed as compared
with the configuration in which the hole blocking region 34 is
not provided.

[0119] More specifically, it is preferable that the highest
occupied molecular orbital (HOMO level) of the hole block-
ing region 34 is, as far as possible, higher than that of the
light-emitting region 33. The difference in the highest occu-
pied molecular orbital between the hole blocking region 34
and the light-emitting region 33 is desired to be at least in the
order of 0.1 eV, but preferably not less than 1 eV. In other
words, it is preferable that an absolute value of the highest
occupied molecular orbital (HOMO level) of the hole block-
ing region 34 is, as far as possible, larger than that of the
highest occupied molecular orbital (HOMO level) of the
light-emitting region 33.

[0120] The capability of blocking holes attributes to the
presence of difference in HOMO between the host and the
hole blocking region. Therefore, a specific numerical value of
the highest occupied molecular orbital (HOMO level) of the
hole blocking region 34 cannot be determined by the hole
blocking region 34 alone. This is because when the HOMO of
the host increases and decreases, the HOMO level suitable for
the hole blocking region increases and decreases accordingly.

[0121] Here, one example is taken with the assumption that
the highest occupied molecular orbital of the hole blocking
region 34 is higher than that of the light-emitting region 33. In
this case, the highest occupied molecular orbital of the hole
blocking region 34 is in arange from 5.5 eV to 7.5 eV, and the
highest occupied molecular orbital of the light-emitting
region 33 is in a range from 5.0 eV to 6.5 eV.

[0122] Thehole blocking region 34 is formed by doping the
aforementioned positive and negative charge transporting
material with a dopant (hole blocking material).

[0123] Examples of the dopant (hole blocking material)
includes styryl compounds, triazole derivatives, phenanthro-
line derivatives, oxadiazole derivatives, boron derivatives,
anthraquinodimethane derivatives, diphenylquinone deriva-
tives, perylenetetracarboxylic acid derivatives, PPV copoly-
mer derivatives introduced cyano group, amorphous dimesi-
tylboryl-containing compounds, gadolinium complex-doped
TPD, fluorene-based copolymers, sexiphenyl compounds,
and fluorinated dendrimer compounds. Other than these sub-
stances, any materials used in general as the electron trans-
porting material can be used.

[0124] Ifthe positive and negative charge transport layer 30
is a gradient-doped layer, a continuous concentration gradient
can be formed in the hole blocking region 34. If the positive
and negative charge transport layer 30 is an obviously sepa-
rated layer rather than a gradient-doped layer, interfaces are
generated therein. This may result in losses caused by differ-
ence in refractive index and mobility between materials of the
separated layers. However, formation of the continuous con-
centration gradient eliminates obvious interfaces, thus reduc-
ing optical and electrical losses.
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[0125] (The Hole Injection Transport Region of the Posi-
tive and Negative Charge Transport Layer)

[0126] The hole injection transport region 31 is a region
closest to the anode 10 in the positive and negative charge
transport layer 30.

[0127] Thehole injection transport region 31 has a function
of pulling out holes from the anode 10 to transport the holes
to the light-emitting region 33. Therefore, it is possible to
form the hole injection transport region 31 by doping the
above-described host material with a p-type dopant.

[0128] As aspecific p-type dopant, a publicly known p-type
dopant can be used.

[0129] Ifthe positive and negative charge transport layer 30
is a gradient-doped layer, a continuous concentration gradient
can be formed in the hole injection transport region 31. If the
positive and negative charge transport layer 30 is an obviously
separated layer, interfaces are generated therein. This may
result in losses caused by difference in refractive index and
mobility between materials of the separated layers. However,
formation of the continuous concentration gradient elimi-
nates obvious interfaces, thus reducing optical and electrical
losses.

[0130] (The Electron Injection Transport Region of the
Positive and Negative Charge Transport Layer)

[0131] The electron injection transport region 35 is aregion
closest to the cathode 20 in the positive and negative charge
transport layer 30.

[0132] The electron injection transport region 35 has a
function of pulling out electrons from the cathode 20 to trans-
port the electrons to the light-emitting region 33. Therefore, it
is possible to form the electron injection transport region 35
by doping the above-described host material with an n-type
dopant.

[0133] Asaspecific n-type dopant, a publicly known n-type
dopant can be used.

[0134] (Substrate)

[0135] As described above, the organic EL element 1 of the
embodiment of the present invention is configured in such a
manner that the structure in which the positive and negative
charge transport layer 30 is interposed between the anode 10
and the cathode 20 is formed on the substrate 40.

[0136] The substrate 40 may be anything as long as it has
insulation property. A material to be used as the substrate 40
can be, but is not particularly limited to, a publicly known
insulating material for substrate, for example.

[0137] Examples of the substrate 40 include an inorganic
material substrate formed of glass, quartz, or the like material
and a plastic substrate formed of polyethylene terephthalate,
polyimide resin, or the like material. Another example of the
substrate 40 includes substrates formed by coating surfaces of
the metal substrate formed of aluminum (Al), iron (Fe), or the
like material with an insulating material such as silicon oxide,
organic insulating material, or the like. Still another example
of the substrate 40 includes a substrate formed by subjecting
surfaces of a metal substrate formed of Al or the like to
insulation by anodic oxidation or the like method.

[0138] Iflight having been emitted from the light-emitting
region 33 of the organic EL element 1 is extracted from the
side opposite the substrate 40, i.e. if the organic EL element 1
is a top-emission organic EL. element, the substrate 40 is
desired to be formed of a material which does not transmit
light. For example, a semiconductor substrate such as silicon
wafer may be used. On the contrary, if light having been
emitted from the light-emitting region 33 of the organic EL
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element 1 is extracted from the substrate 40 side, i.e. if the
organic EL element 1 is a bottom-emission organic EL ele-
ment, the substrate 40 is desired to be formed of a material
which transmits light. For example, a glass substrate, a plastic
substrate, or the like substrate may be used.

[0139] Further, the substrate 40 is preferably composed of
a material having flexibility. When the substrate 40 is com-
posed of a material having flexibility, it is possible to pack the
organic EL element between two substrates including the
substrate 40 by a roll-to-roll process. The roll-to-roll process
of packing the organic EL element between two substrates
including the substrate 40 is described in Japanese Patent
Application No. 2009-175720 (filed on Jul. 28, 2009) (not
published at the time of filing the present application), and the
explanation thereof is therefore omitted here.

[0140] The use of the roll-to-roll process enables lowering
device prices, and cost reduction is therefore expected, as
compared with a vacuum deposition method employing a
general, hitherto available, large glass substrate such as G6.
Moreover, an element having formed therein a conventional
flexible film which is interposed between glass substrates or
other materials having a high oxygen and water vapor perme-
ability was questionable in its reliability even if the element
has an organic and inorganic multilayer film. However, the
present invention eliminates the need for the formation of a
barrier film layer having oxygen and water vapor permeabil-
ity, and realizes a long-life element. Furthermore, forming the
material for interposing of the flexible film into a non-planar
shape allows the organic EL element part to have flexibility.
This enables forming the element into various shapes for a
local display device and others, which shows excellence in
adaptability to the local device, design, and other properties.

[0141] Examples of such a material used for a resin film,
which are non-limitative examples, include polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), poly-
ether sulfone (PES), polyetherimide (PEI), polyether ether
ketone (PEEK), polyphenylene sulfide (PPS), polyarylate
(PAR), polyimide (PI), polycarbonate (PC), cellulose triac-
etate (TAC), cellulose acetate propionate (CAP), polyether
sulfone (PES), cyclic olefin-based polymer, and wholly aro-
matic polyketone. Among these, polyethylene naphthalate
(PEN) is preferable in terms of heat resistance, flatness, and
others, when consideration is given to subjecting to a TFT
process.

[0142] (Electrodes)

[0143] Next, the following will describe the electrodes. The
electrodes included in the organic EL element 1 have only to
function in a pair like the anode 10 and the cathode 20. Each
of'the electrodes may have a single-layer structure formed of
one electrode material, or may be a multi-layer structure
formed of multiple electrode materials. Examples of elec-
trode materials to be used for the electrodes of the organic EL,
element 1 include publicly known electrode materials, which
are non-limitative examples.

[0144] Examples of a material for the anode 10 include
metals such as gold (Au), platinum (Pt), and nickel (Ni), and
materials for transparent electrodes such as indium tin oxide
(ITO), tin oxide (SnO,), and indium zinc oxide (1ZO).
[0145] Onthe other hand, examples of a material to be used
for the cathode 20 include metals such as lithium (L), cal-
cium (Ca), cerium (Ce), barium (Ba), and aluminum (Al), and
alloys containing these metals, such as an alloy of magnesium
(Mg) and silver (Ag) and an alloy of Li and Ai.
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[0146] Light having been emitted from the light-emitting
region 33 of the organic EL element 1 requires extraction
from either of the electrodes, the anode 10 and the cathode 20.
In this case, it is preferable that an electrode material that
transmits light is used for one of the electrodes, while an
electrode material that does not transmit light is used for the
other electrode. Examples of the electrode material that does
not transmit light include materials for black electrodes, such
as tantalum and carbon, and materials for reflective metal
electrodes, such as Al, Ag, Au, an alloy of Al and Li, an alloy
of Aland neodymium (Nd), and an alloy of Al and silicon (Si).
[0147] (Other Remarks)

[0148] Further, the organic EL element 1 of the present
embodiment may be provided with at least one of the follow-
ing components: a light diffusing section, a wavelength con-
version layer, a color filter, and a circularly polarizing plate.
[0149] Iftwo or more of these components are provided, it
is preferable that the circularly polarizing plate, the color
filter, the light diffusing section, and the wavelength conver-
sion layer are provided in this order when viewed from a
component closest to a light emission side of the organic EL,
element 1. However, this is not the only possibility. The
following will describe details of these components.

[0150] (Light Diffusing Section)

[0151] The organic EL element 1 of the present embodi-
ment may further have the light diffusing section on the light
emission side of the organic EL element 1. Owing to the light
diffusing section, light having been extracted from a light
extraction side passes through the light diffusing section and
uniformly diffuses from a light extraction surface.

[0152] The light diffusing section may be formed by filling
alight diffusing resin on the light emission side of the organic
EL element 1, or may be formed by providing alight diffusing
plate on the light emission side of the organic EL element 1.
Further, if light is extracted from the substrate 40 side, the
substrate 40 itself may be formed of a material having light
diffusing property.

[0153] A diffusion resin layer formed by filling a light
diffusing resin on the light emission side of the organic EL
element 1 is a binder resin containing a plurality of light
diffusing particles. Examples of the binder resin include
acrylic-based resin, polyester-based resin, polyolefin-based
resin, and polyurethane-based resin. Examples of the light
diffusing particles include (i) acrylic particles such as copoly-
mers or ternary copolymers of methyl methacrylate, ethyl
methacrylate, isobutyl methacrylate, normal butyl methacry-
late, normal butyl methyl methacrylate, methyl acrylate, and/
or methyl methacrylate, (ii) olefin-based particles such as
polyethylene, polystyrene (PS), and polypropylene, and (iii)
multilayer, multi-component particles obtained by forming
particles of acryl-olefin-based copolymers or sole polymers
and then coating surfaces of the particles with different kinds
of monomers. In particular, polymethylmethacrylate
(PMMA) is preferably used. Owing to the structure in which
the binder resin contains a plurality of light-diffusing par-
ticles as described above, light passing through the diffusing
resin layer can be diffused uniformly across the entire surface
of the matrix. This allows an improved viewing angle and
enhancement in light extraction efficiency, thus increasing
luminance. The diffusion resin layer is in the order of 150 pm
in thickness, for example.

[0154] Much the same effect of provision of the above-
described light diffusing resin can be achieved with provision
of the light diffusing plate on the light extraction side of the
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organic EL element 1. The light diffusing plate can be pre-
pared with materials similar to those given as examples of the
material for the binder resin constituting the light diffusing
resin layer. Examples of the materials include acrylic resin
containing  dispersed light-diffusing particulates of
crosslinked methyl polymethacrylate, crosslinked polysty-
rene, and/or the like substances.

[0155] Examples of the substrate 40 formed of a material
having light diffusing property include a substrate formed by
mixture of the material having light diffusing property.
Examples of the material having light diffusing property
include (i) acrylic particles such as copolymers or ternary
copolymers of methyl methacrylate, ethyl methacrylate,
isobutyl methacrylate, normal butyl methacrylate, normal
butyl methyl methacrylate, methyl acrylate, and/or methyl
methacrylate, (ii) olefin-based particles such as polyethylene,
polystyrene (PS), and polypropylene, and (iii) multilayer,
multi-component particles obtained by forming particles of
acryl-olefin-based copolymers or sole polymers and then
coating surfaces of the particles with different kinds of mono-
mers. This realizes an organic EL. device of a microcavity
structure, thus allowing not only increased color purity and
luminous efficiency but also a wide viewing angle.

[0156] (Wavelength Conversion Layer)

[0157] The organic EL element 1 of the present embodi-
ment may further include a wavelength conversion layer on
the light emission side of the organic EL element 1. Provision
of the wavelength conversion layer achieves the effect of
conversion to light of a desired wavelength.

[0158] The wavelength conversion layer is formed of inor-
ganic fluorescent materials such as YAG-based fluorescent
material, organic fluorescent materials typified by the mate-
rials for the aforementioned organic EL element, or other
fluorescent materials, for example. The wavelength conver-
sion layer has a thickness of the order of 100 pum, for example.
[0159] (Color Filter)

[0160] The organic EL element 1 of the present embodi-
ment may further include a color filter provided on the light
emission side of the organic EL element 1.

[0161] An organic compound used for a luminous object of
an organic EL, as compared with an inorganic luminous
object, has a broadened spectrum. This could be problematic
in producing images of a high color purity. However, by using
a color filter together with such an organic compound, it is
possible to cut an undesired region of the spectrum and to thus
obtain a spectrum with a narrow half-value breadth. There-
fore, by mounting the organic EL element of the present
embodiment in a display device, it is possible to provide a
display device that displays high-quality images.

[0162] (Circularly Polarizing Plate)

[0163] The organic EL element 1 of the present embodi-
ment may further include a circularly polarizing plate pro-
vided on the light emission side of the organic EL element 1.
With this arrangement, it is possible to suppress reflection of
extraneous light.

[0164] The circularly polarizing plate has a laminated
structure comprising ofa linearly polarizing plate and a phase
difference plate functioning as a VA plate. A right-hand cir-
cularly polarizing plate is obtained by applying a ¥4 phase
difference film onto the linearly polarizing plate in such a
manner that an axis of the %4 phase difference film tilts 45
degrees with respect to an absorption axis of the linearly
polarizing plate. On the contrary, a left-hand circularly polar-
izing plate is obtained by applying the Y4 phase difference
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film onto the linearly polarizing plate in such a manner that
the axis of the V4 phase difference film tilts 135 degrees (-45
degrees) with respect to the absorption axis of the linearly
polarizing plate. With this structure, light having transmitted
through the polarizing plate turns to right-handed light when
passing through the filter. The light is reflected by a glass
surface to reverse its rotation direction, thus turning to left-
handed light. Then, the light enters the circularly polarizing
plate again. The circularly polarizing filter transmits right-
handed light alone and absorbs left-handed light. Ultimately,
reflected extraneous light becomes nearly zero. The circularly
polarizing plate, owing to its nature, can eliminate harmful
reflection of extraneous light from a TV monitor, a protection
glass of a frame, etc.

[0165] The phase difference plate is a film with a birefrin-
gence index and can be prepared by stretching a plastic film in
a specific direction. A material for the phase difference plate
may be anything as long as it is transparent and impervious to
a stretching process. Examples of the material for the phase
difference plate include polycarbonate-based polymers,
polyester-based polymers, polysulfone-based polymers,
polystyrene-based polymers, polyphenylene oxide polymers,
and polyolefin-based polymers.

[0166] (Operation Effects of the Organic EL Element)
[0167] As described previously, the organic EL element 1
of the present embodiment, as shown in FIG. 2, includes the
positive and negative charge transport layer 30, wherein the
positive and negative charge transport layer 30 includes: the
electron blocking region 32, the hole blocking region 34, and
the light-emitting region 33 which is provided between the
electron blocking region 32 and the hole blocking region 34.
The electron blocking region 32 has the lowest unoccupied
molecular orbital (LUMO level) 32L lower than the lowest
unoccupied molecular orbital 33L of the light-emitting region
33. The hole blocking region 34 has the highest occupied
molecular orbital (HOMO level) 34H higher than the highest
occupied molecular orbital 33H of the light-emitting region
33. Therefore, holes propagated from the hole injection trans-
port region 31 and electrons propagated from the electron
injection transport region 35 are trapped in the light-emitting
region 33. This makes it possible to increase the probability of
electron-hole recombination in the light-emitting region 33,
thus decreasing a drive voltage for the organic EL element 1.
[0168] Moreover, the increase of the probability of elec-
tron-hole recombination in the light-emitting region 33
enables an enhanced internal quantum efficiency and an
enhanced luminous efficiency.

[0169] However, the positive and negative charge transport
layer 30 does not necessarily include both the electron block-
ing region 32 and the hole blocking region 34. Even if the
positive and negative charge transport layer 30 includes either
one of them, it is possible to sufficiently increase the prob-
ability of electron-hole recombination.

[2] Overview of Organic EL Display Device

[0170] Overview of an organic electroluminescent display
device (hereinafter referred to as “organic EL display
device”) 50 according to the present embodiment will be
described with reference to FIG. 3. FIG. 3 is a view showing
a cross-sectional view of the organic EL display device 50.

[0171] The organic EL display device 50, as shown in FIG.
3, includes a substrate 40, thin-film transistors (TFTs) 52, an
interlayer insulating film 53, the anode 10 (electrode), an
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edge cover 55, the positive and negative charge transport layer
30 (organic layer), and the cathode 20 (electrode).

[0172] On the substrate 40, the TFTs 52 are provided so as
to be spaced at a given interval. On the TFT 52, the flattened
interlayer insulating film 53 is provided. The interlayer insu-
lating film 53 has a contact hole, through which a terminal of
the TFT 52 is electrically connected to the anode 4. On the
anode 10, the positive and negative charge transport layer 30
and the cathode 20 are provided so as to be opposite to the
TFT 2. The substrate 40, the anode 10, the positive and
negative charge transport layer 30, and the cathode 20 con-
stitute the above-described organic EL element 1. In the
organic EL display device 50, the edge cover 55 is provided
between the organic EL elements 1.

[0173] The substrate 40, the anode 10, the positive and
negative charge transport layer 30, and the cathode 20 have
been already explained in the above descriptions of the
organic EL element, and explanations thereof are therefore
omitted here.

[0174] (Thin-Film Transistors of the Organic EL Display
Device)
[0175] The thin-film transistor (TFT) 52 has the function of

working as a switching element of the organic EL element 1.
Therefore, examples of a material for the TFT 52 include (i)
inorganic semiconductor materials such as amorphous sili-
con, polycrystalline silicon, microcrystalline silicon, and
cadmium selenide and (ii) organic semiconductor materials
such as polythiophene derivatives and pentacene. For the TFT
52, a metal-insulator-metal (MIM) diode can be substituted.

[0176] (Interlayer Insulating Film of the Organic EL Dis-
play Device)
[0177] Examples of a material for the interlayer insulating

film 53 include (i) inorganic materials such as silicon oxide
and silicon nitride and (ii) organic resin materials such as
acrylic resin, polyimide resin, photosensitive sol-gel mate-
rial, and novolac resin. Examples of the acrylic resin include
Optmer series manufactured by JSR Corporation. Examples
of the polyimide resin include Photoneece® series of Toray
Industries, Inc. However, if the organic EL display device 50
is a bottom-emission organic EL display device, the inter-
layer insulating film 53 needs to have a property of transmit-
ting light. In this case, an opaque material such as polyimide
resin is not suitable.

[0178] (Edge Cover of the Organic EL Display Device)

[0179] The edge cover 55 is provided between the organic
EL elements 1. A part of the edge cover 55 is provided so as
to partially cover the periphery of the anode 10 formed by
patterning. Therefore, a region where the edge cover 55 is not
provided on the anode 10 is the organic EL element 1. The
edge cover 55, which is provided so as to cover the periphery
of the anode 10, enables the prevention of shorting of the
anode 10 and cathode 20 resulting from the thinning of the
organic EL element 1 and the occurrence of electric field
concentration in the periphery of the anode 10.

[0180] Examples of a material for the edge cover 55 include
(i) inorganic materials such as silicon oxide and silicon nitride
and (ii) organic resin materials such as acrylic resin, polyim-
ide resin, photosensitive sol-gel material, and novolac resin.
Examples of the acrylic resin include Optmer series manu-
factured by JSR Corporation. Examples of the polyimide
resin include Photoneece® series of Toray Industries, Inc.
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[0181] [3] Steps (1) for Manufacturing the Organic EL
Element 1
[0182] The following will briefly describe steps for manu-

facturing the organic EL element 1. As described above, the
organic EL element generally has a transistor as a switching
element. However, a step of producing the transistor will not
be mentioned below.

[0183] This section will describe a technique for forming
the positive and negative charge transport layer 30 and the
cathode 20 by co-evaporation. Co-evaporation sometimes
means co-evaporation polymerization by which two kinds of
highly reactive low-molecular materials (low-molecular
monomers) are co-evaporated for polymerization on a subject
surface to form a polymer thin layer. However, co-evapora-
tion polymerization generally means a kind of vacuum vapor
deposition, i.e. a technique for simultaneously heating and
evaporating different kinds of materials to form a thin layer
that is a mixture of the materials.

[0184] (Formation of the Anode)

[0185] A 25 mm-square glass substrate is used as the sub-
strate 40, on which ITO is patterned to form the anode 10. The
substrate 40 having the anode 10 formed thereon is washed so
that the positive and negative charge transport layer 30 and the
cathode 20 can be formed on the substrate 40 in the following
steps.

[0186] (Formation of the Positive and Negative Charge
Transport Layer)

[0187] (Formation ofthe Hole Injection Transport Region)
[0188] Firstly, a positive and negative charge transporting
material, bis(carbazolyl)benzodifuran (CzBDF) (HOMO
level=5.52 eV, LUMO level=2.20 eV), and a p-dopant, vana-
dium pentoxide (V,05), are co-evaporated in thickness on the
order of 20 nm in a doping ratio of 1.0:0.6. By such co-
evaporation process, it is possible to form the hole injection
transport region 31 (CzBDF: V,05, HOMO level=4.7 eV,
LUMO level=2.20 V).

[0189] (Formation of the Electron Blocking Region)
[0190] Secondly, CzBDF and an electron blocking mate-
rial, 1,1-bis[4-(di-p-tolyflaminophenyl]cyclohexane
(TAPC), are co-evaporated in thickness on the order of 10 nm
in a doping ratio of 1.0:0.1. By such co-evaporation process,
it is possible to form the electron blocking region 32
(CzBDF+TAPC, HOMO level=5.52 eV, LUMO level=1.8

eV).
[0191] (Formation of the Light-Emitting Region)
[0192] Thirdly, a host material, CzZBDF, is doped with a red

phosphorescent guest material, tris (1-phenylisoquinoline)
iridium (Ir(piq);) by 4.3% co-evaporation. This makes it pos-
sible to form the light-emitting region 33 of thickness on the
order of 80 nm [CzBDF (HOMO level=5.52 eV, LUMO
level=2.20 eV), Ir(piq); (HOMO level=5.10 eV, LUMO
level=2.45 eV)].

[0193] (Formation of the Hole Blocking Region)

[0194] Fourthly, a host material, CZBDF, and a hole block-
ing material, 4,7-diphenyl-1,10-phenanthrolin (Bphen) are
co-evaporated in thickness on the order of 10 nm in a doping
ratio of 1.0:0.5. This makes it possible to form the hole block-
ing region 34 (CzBDF+Bphen, HOMO level=6.1 eV, LUMO
level=2.20 V).

[0195] (Formation of the Flectron Injection Transport
Region)
[0196] Fifthly, a host material, CzBDF, and an n-dopant,

metal cesium (Cs), are co-evaporated in thickness on the
order of 10 nm in a doping ratio of 1.0:0.1. By such co-
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evaporation process, it is possible to form the electron injec-
tion transport region 35 (CzBDF:Cs, HOMO level=5.52 eV,
LUMO level=2.14 eV).

[0197] (Formation of the Cathode)

[0198] Finally, aluminum is deposited in thickness of 80
nm on the surface of the electron injection transport region 35,
thereby forming the electrode (cathode 20) having reflectiv-
ity.

[0199] As to the positive and negative charge transporting
material, CZBDF, its hole mobility is 3.7x107> cm*/V's (when
electric field intensity is 2.5x10°> V/cm), and its electron
mobility is 4.4x1072 cm?/ Vs (when electric field intensity is
2.5x10° V/em).

[0200] As to the organic EL element obtained by the manu-
facturing method described in this section, its luminance is
16,000 candelas/m?, and its luminous efficiency was 24 can-
delas/A.

[4] Steps (2) for Manufacturing the Organic EL
Element 1

[0201] In this section, unlike the steps (1) as described
above, the organic EL element 1 is formed by vapor deposi-
tion polymerization or the like method, using an organic EL
material derivative having an alkenyl group or an alkynyl
group.

[0202] Vapordeposition polymerization refers to a polymer
thin film forming method by which highly reactive low-mo-
lecular monomers of the same kind or of different kinds
(generally two kinds) are polymerized by vapor deposition
onto the substrate surface in a vacuum ranging from 1072 Pa
to 107® Pa. Polymerization reaction sequentially takes place
onthe substrate surface. By adjustments of various conditions
such as a heating temperature of the substrate, it is possible to
control alignment directions, i.e. to control whether molecu-
lar axes of the polymers are to be aligned in a vertical direc-
tion or a horizontal direction with respect to the substrate.
[0203] Further, vapor deposition of the organic material
onto the substrate in a vacuum may be carried out simulta-
neously with or followed by exposure to electron beam or
ultraviolet light. This heats the substrate and thus uniformizes
temperatures of the substrate surface. Moreover, after the
exposure to electron beam or ultraviolet light, heat treatment
may be carried out.

[0204] There are the following two methods: (1) a method
of co-evaporating a low-molecular material having functional
groups such as an amino group, a hydroxyl group, an isocy-
anate group, acid anhydride, alkenyl, and/or an alkynyl group
for addition polymerization or condensation polymerization,
and (2) a method of activating a single monomer for ionic
polymerization or free-radical polymerization. Further, it is
possible to form a thin layer of m-conjugated polymer. By the
method (1), polyimide, polyurea, polyurethane, or the like
can be obtained.

[0205] Examples of the alkenyl group generally include an
ethenyl group, a vinyl group, and an allyl group. Examples of
the alkynyl group include terminal alkynes, such as an ethy-
nyl group, a propynyl group, and a propargyl group (trivial
name), and internal alkynes.

[0206] Note that the organic EL material derivative is con-
firmed to polymerize at temperatures on the order of 230° C.
The organic EL material derivative almost quantitatively
reacts by maintaining the substrate heating temperature of the
vapor deposition apparatus at temperatures higher than 230°



US 2012/0267619 Al

C. This can be confirmed by UV absorption spectrum show-
ing that polymerization takes place with loss of a triple bond
and change to a double bond.

[0207] (Formation of the Anode)

[0208] A 25 mm-square glass substrate is used as the sub-
strate 40, on which ITO is patterned to form the anode 10. The
substrate 40 having the anode 10 formed thereon is washed so
that the positive and negative charge transport layer 30 and the
cathode 20 can be formed on the substrate 40 in the following
steps.

[0209] (Formation of the Positive and Negative Charge
Transport Layer)

[0210] By using a vapor deposition apparatus equipped
with a substrate heating device, the following steps will be
carried out under such environments that a vacuum is 4x10~*
Pa and that a substrate temperature is maintained at around
250° C.

[0211] (Formation ofthe Hole Injection Transport Region)
[0212] A positive and negative charge transporting mate-
rial, bis(4-ethynylcarbazolyl)benzodifuran (4ECzBDF), and
ap-dopant, vanadium pentoxide (V,0Os), are co-evaporated in
thickness on the order of 20 nm in a doping ratio 0of 1.0:0.6. By
such co-evaporation process, it is possible to form the hole
injection transport region 31 (4ECzBDF: V,05, HOMO
level=4.7 eV, LUMO level=2.20 eV).

[0213] (Formation of the Electron Blocking Region)
[0214] Secondly, a host material, 4ECzBDF, and an elec-
tron blocking material, 1,1-bis[4-(di-p-stylyl)aminophenyl]
cyclohexane (SAPC), are co-evaporated in thickness on the
order of 10 nm in a doping ratio of 1.0:0.1. By such co-
evaporation process, it is possible to form the electron block-
ing region 32 (4ECzBDF+SAPC, HOMO level=5.52 eV,
LUMO level=1.8 eV).

[0215] (Formation of the Light-Emitting Region)

[0216] Thirdly, a host material, 4ECzBDF, is doped with a
red phosphorescent guest material, tris(1-(4-etynyl)phenyl-
isoquinoline)iridium (Ir(Epiq);) by 4.3% co-evaporation.
This makes it possible to form the light-emitting region 33 of
thickness on the order of 80 nm [CzZBDF (HOMO level=5.52
eV, LUMO level=2.20 eV), Ir(Epiq); (HOMO level=5.10 eV,
LUMO level=2.45 eV)].

[0217] (Formation of the Hole Blocking Region)

[0218] Fourthly, a host material, 4ECzBDF, and a hole
blocking material, 3,8-dietynyl-4,7-diphenyl-1,10-phenan-
throlin (DBphen) (HOMO level=6.1 eV) are co-evaporated in
thickness on the order of 10 nm in a doping ratio of 1.0:0.5.
This makes it possible to form the hole blocking region 34
(4ECzBDF+DBphen, HOMO level=6.1 eV, LUMO level=2.
20eV).

[0219] (Formation of the FElectron Injection Transport
Region)
[0220] Fifthly, a host material, 4ECzBDF, and an n-dopant,

metal cesium (Cs), are co-evaporated in thickness on the
order of 10 nm in a doping ratio of 1.0:0.1. This makes it
possible to form the electron injection transport region 35
(4ECzBDF:Cs, HOMO level=5.52 eV, LUMO level=2.14
eV).

[0221] (Formation of the Cathode)

[0222] Finally, aluminum is deposited in thickness of 80
nm on the surface of the electron injection transport region 35,
thereby forming the electrode (cathode 20) having reflectiv-
ity.

[0223] Using the materials having ethenyl group,
4ECzBDF, SAPC, Ir(Epiq);, and DBphen, vapor deposition
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polymerization was carried out at temperatures on the order
of 240° C., 200° C., 210° C., and 230° C., respectively. By
thermal gravimetric analysis (TGA), it was confirmed that
each single polymer layer thus obtained decreased only by
less than 5% by weight even if the polymer layer was held at
approximately 290° C. for 40 minutes. Therefore, as to the
polymerization materials to be subjected to vapor deposition
under the conditions in this section, as soon as the materials
reach the surface of the substrate 40, vapor deposition poly-
merization takes place between molecules of the samekind or
between molecules of different kinds.

[0224] As to the positive and negative charge transporting
material to be used for a layer formed in vapor deposition
polymerization, 4ECzBDF, its hole mobility is 4.0x10~> cm?/
Vs (when electric field intensity is 2.5x10° V/em), and its
electron mobility is 4.8x107> cm?/Vs (when electric field
intensity is 2.5x10° V/cm).

[0225] As to the organic EL element obtained by the manu-
facturing method described in this section, its luminance is
20,000 candelas/m>, and its luminous efficiency was 30 can-
delas/A.

[0226] The presentinvention is not limited to the aforemen-
tioned embodiments and is susceptible of various changes
within the scope of the accompanying claims. Also, embodi-
ments obtained by the changes are also included within the
technical scope of the present invention.

[0227] [5] Organic EL Element of a Comparative Configu-
ration
[0228] Finally, the following will briefly describe, as a

comparative configuration, a configuration of an organic EL.
element containing no electron blocking region and no hole
blocking region and show its performance.

[0229] FIG. 4 is a view showing an energy diagram of
regions constituting a positive and negative charge transport
layer in the organic EL element of the comparative configu-
ration.

[0230] In the organic EL element of the comparative con-
figuration, regions 303 (in FIG. 4) are provided instead of the
electron blocking region and the hole blocking region, which
have been described in the aforementioned embodiment. That
is, as shown in FIG. 4, the regions 303 that are not doped with
anything and composed of a host material alone are formed
between an electron injection transport region 335 and a
light-emitting region 333 and between a hole injection trans-
port region 331 and the light-emitting region 333 in a positive
and negative charge transport layer 300.

[0231] Steps for manufacturing the organic EL element of
the comparative configuration are as follows.

[0232] Using an ITO-formed substrate as an anode, a host
material, CzBDF, and a p-dopant, vanadium pentoxide
(V,05), are co-evaporated (20 nm, a doping ratio of 1.0:0.6)
onto the substrate to form the hole injection transport region
331.

[0233] Secondly, the host material, CzZBDF, alone is depos-
ited in thickness of 10 nm to form the region 303 composed of
the host material alone.

[0234] Thirdly, the host material, CzBDF, is doped with a
red phosphorescent guest material, tris(1-phenyl-isoquino-
line)iridium (ir(piq);) by 4.3% co-evaporation to form the
light-emitting region 333 having a thickness of 80 nm (in FIG.
4).

[0235] Fourthly, the host material, CzZBDF, alone is depos-
ited in thickness of 10 nm to form the region 303 composed of
the host material alone.
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[0236] Fifthly, the host material, CZBDF, and an n-dopant,
metal cesium (Cs), are co-evaporated (10 nm, a doping ratio
011.0:0.1) to form the electron injection transport region 335.
[0237] Finally, aluminum is deposited in thickness of 80
nm on the surface of the electron injection transport region
335, thereby forming the electrode (cathode) having reflec-
tivity.

[0238] Theorganic EL element ofthe comparative configu-
ration manufactured by the above method lacks the electron
blocking region. As shown in FIG. 4, a lowest unoccupied
molecular orbital 3331 of the light-emitting region 333 is
almost equal to a lowest unoccupied molecular orbital 303L
of the region 303 composed of the host material alone. This
flows electrons toward the hole injection transport region and
results in a failure to obtain the effect of efficiently trapping
excitons. Further, the organic EL element of the comparative
configuration also lacks the hole blocking region. A highest
occupied molecular orbital 333H of the light-emitting region
333 is almost equal to a highest occupied molecular orbital
303H of the region 303 composed of the host material alone.
This flows holes toward the electron injection transport
region and results in a failure to obtain the effect of efficiently
trapping excitons. Therefore, the comparative configuration
is lower in probability of hole-electron recombination in the
light-emitting region 33 than the configuration of the present
embodiment, which makes it impossible to decrease a drive
voltage for the organic EL element. Moreover, a low prob-
ability of hole-electron recombination in the light-emitting
region 33 results in a low internal quantum efficiency and a
low luminous efficiency.

[0239] Infact, as to the organic EL element of the compara-
tive configuration manufactured by the above method, its
luminance was 5000 candelas/m?, and its luminous efficiency
was 12 candelas/A.

[0240] The present invention is not limited to the aforemen-
tioned embodiments and is susceptible of various changes
within the scope of the accompanying claims. That is, a new
embodiment can be obtained by suitable combinations of
technical means changed within the accompanying claims.
Specific embodiments or examples implemented in the
description of the embodiments only show technical features
ofthe present invention and are not intended to limit the scope
ofthe invention. Variations can be effected within the spirit of
the present invention and the scope of the following claims.

[0241] (Outline of the Present Invention)

[0242] As described above, an organic electroluminescent
element according to the present invention is an organic elec-
troluminescent element including:

[0243] apositive and negative charge transport layer having
a hole transporting capability and an electron transporting
capability;

[0244] an anode;

[0245] a cathode; and

[0246] a substrate,

[0247] the positive and negative charge transport layer

being interposed between the anode and the cathode,

[0248] the positive and negative charge transport layer, the
anode, and the cathode being stacked on the substrate,
[0249] the positive and negative charge transport layer,
which is a homojunction-type layer, including:

[0250] a light-emitting region which is doped with a light-
emitting dopant,
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[0251] the positive and negative charge transport layer fur-
ther including at least one of:

[0252] an electron blocking region, provided closer to the
anode than the light-emitting region, having a lowest unoc-
cupied molecular orbital an absolute value of which is smaller
than that of the lowest unoccupied molecular orbital of the
light-emitting region; and

[0253] a hole blocking region, provided closer to the cath-
ode than the light-emitting region, having a highest occupied
molecular orbital an absolute value of which is larger than that
of'the highest occupied molecular orbital of the light-emitting
region,

[0254] the positive and negative charge transport layer
being formed to be a thin layer by reaction of at least one of
organic material components for the positive and negative
charge transport layer on a surface of the substrate or in a
vapor phase.

[0255] According to the above configuration, the organic
electroluminescent element according to the present inven-
tion is such that the positive and negative charge transport
layer has the light-emitting region and at least one of the
electron blocking region that blocks movement of electrons
and the hole blocking region that blocks movement of holes.
[0256] Therefore, holes propagated from the anode and
electrons propagated from the cathode are trapped in the
light-emitting region. This makes it possible to increase the
probability of electron-hole recombination in the light-emit-
ting region, thus decreasing a drive voltage for the organic EL,
element 1.

[0257] Moreover, the increase of the probability of elec-
tron-hole recombination in the light-emitting region enables
an enhanced internal quantum efficiency and an enhanced
luminous efficiency.

[0258] However, the positive and negative charge transport
layer does not necessarily include both the electron blocking
region and the hole blocking region. Even if the positive and
negative charge transport layer includes either one of them, it
is possible to sufficiently increase the probability of electron-
hole recombination.

[0259] Therefore, it is possible to provide an organic elec-
troluminescent element that realizes a high luminance, a high
efficiency, and a long lifetime.

[0260] Note that the homojunction-type layer herein may
be composed of a single host material or multiple host mate-
rials. Details will be described later.

[0261] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion is such that the blocking regions can be formed by vapor
deposition polymerization.

[0262] The blocking regions can be formed by a relatively
simple method called vapor deposition polymerization.
[0263] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion is preferably such that the positive and negative charge
transport layer has a hole mobility and an electron mobility
that satisfy the following condition:

hole mobility/electron mobility=0.01 to 1.

[0264] This realizes a balance between hole mobility and
electron mobility and prevents the occurrence of a phenom-
enon often caused by the conventional organic EL element,
i.e. the phenomenon that there are redundant electrical
charges without being recombined with each other due to
injections of positive and negative charges in unbalanced
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proportions. As a result, light is emitted in such a state that
positive and negative charges are recombined with each other
without being wasted. This achieves luminous efficiency
higher than that of the conventional organic EL element.
[0265] However, the above-described host material is not
the only possibility. It is preferable that the positive and
negative charge transport layer has a hole mobility and an
electron mobility both of which are at least 1x107° cm?/Vs.
[0266] This realizes a high hole mobility and a high elec-
tron mobility and prevents the occurrence of a phenomenon
often caused by the conventional organic EL element, i.e. the
phenomenon that there are redundant electrical charges with-
out being recombined with each other due to injections of
positive and negative charges in unbalanced proportions. As a
result, light is emitted in such a state that positive and negative
charges are recombined with each other without being
wasted. This achieves luminous efficiency higher than that of
the conventional organic EL element.

[0267] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion is preferably such that the substrate on which the positive
and negative charge transport layer, the cathode, and the
anode are stacked is composed of a material having flexibility.
[0268] Because the substrate has flexibility, it is possible to
form the organic EL element by the roll-to-roll process. This
allows reduction of initial costs for equipment introduction,
running costs, and other costs. By packing the substrate
between two other substrates or the like of low oxygen and
water permeability, it is possible to manufacture, as one form
of the organic EL element including the flexible substrate, a
low-cost organic EL element that eliminates the need for an
organic or inorganic multilayer film, etc.

[0269] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion is preferably such that out of the anode and cathode, the
electrode located on a side opposite to a light extraction side
of the organic electroluminescent element is composed of a
material having a property of reflecting light.

[0270] This makes it possible to efficiently take light from
the light-emitting region out of the organic electrolumines-
cent element.

[0271] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion is preferably such that out of the anode and the cathode,
the electrode located on the light extraction side is a transpar-
ent electrode or a translucent electrode.

[0272] This makes it possible to efficiently take light from
the light-emitting region out of the organic electrolumines-
cent element.

[0273] Further, with the configuration in which the elec-
trode located on the light extraction side is a transparent
electrode or a translucent electrode, light is collected by a
microcavity effect. This makes it possible to enhance a lumi-
nous efficiency, to increase a color purity, and to allow light to
have directivity and/or other properties.

[0274] Still further, as to the organic EL element, its light
intensity has a luminous distribution close to an isotropic
Lambert distribution. However, it is possible to collect light
by making use of the microcavity effect obtained by holding
the organic light-emitting layer between the reflective elec-
trode and the transparent electrode.

[0275] Withthe configuration in which the translucent elec-
trode is provided on the light extraction side that is a light
release surface, multiple reflections and interferences, i.e.
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repeated reflections between the upper and lower electrodes
take place, thus producing resonance and emphasis. By
extracting only such light that its wavelength matches an
optical path length between the anode and the cathode, it is
possible to enhance luminance. This weakens undesired light
that deviates from the optical path length, and produces a
steep spectrum of the light taken out. Because of this, color
purity increases. Also, it is possible to allow light to have
directivity.

[0276] Light beams of RGB colors have mutually different
wavelengths. This requires individual adjustment in layer
thickness of the transparent or translucent electrode for each
light source.

[0277] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion is preferably such that a light diffusing resin is filled on
the light extraction side.

[0278] With the configuration in which the light diffusing
resin is filled on the light extraction side, the light to be
extracted to the light extraction side passes through a part
where a diffusing resin is filled and is then diffused uniformly
from the light extraction surface.

[0279] The organic EL luminous object may be provided
with the light diffusing resin layer having a light diffusing
function on the light extraction side (for the bottom-emission
organic EL element, on the matrix side). The diffusion resin
layer is a binder resin containing a plurality of light diffusing
particles. Examples of the binder resin include acrylic resin,
polyester-based resin, polyolefin-based resin, and polyure-
thane-based resin. Examples of the light diffusing particles
include (i) acrylic particles such as copolymers or ternary
copolymers of methyl methacrylate, ethyl methacrylate,
isobutyl methacrylate, normal butyl methacrylate, normal
butyl methyl methacrylate, methyl acrylate, and/or methyl
methacrylate, (ii) olefin-based particles such as polyethylene,
polystyrene (PS), and polypropylene, and (iii) multilayer,
multi-component particles obtained by forming particles of
acryl-olefin-based copolymers or sole polymers and then
coating surfaces of the particles with different kinds of mono-
mers. In particular, polymethylmethacrylate (PMMA) is
preferably used. Owing to the structure in which the binder
resin contains a plurality of light-diffusing particles as
described above, light passing through the diffusing resin
layer can be diffused uniformly across the entire surface of
the matrix. This allows an improved viewing angle and
enhancement in light extraction efficiency, thus increasing
luminance. The diffusion resin layer is in the order of 150 pm
in thickness, for example.

[0280] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion preferably includes a light diffusing plate provided on the
light extraction side.

[0281] Much the same effect of provision of the above-
described light diffusing resin can be achieved with provision
of the light diffusing plate on the light extraction side of the
organic EL luminous object. The light diffusing plate can be
prepared with materials similar to those given as examples of
the material for the binder resin constituting the light diffus-
ing resin layer. Examples of the materials include acrylic
resin containing dispersed light-diffusing particulates of
crosslinked methyl polymethacrylate, crosslinked polysty-
rene, and/or the like substances.

[0282] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
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tion is preferably such that the substrate is composed of a
material having a property of diffusing light.

[0283] Forexample, the substrate can be a substrate formed
by mixture of a material having light diffusing property.
Examples of the material having light diffusing property
include (i) acrylic particles such as copolymers or ternary
copolymers of methyl methacrylate, ethyl methacrylate,
isobutyl methacrylate, normal butyl methacrylate, normal
butyl methyl methacrylate, methyl acrylate, and/or methyl
methacrylate, (ii) olefin-based particles such as polyethylene,
polystyrene (PS), and polypropylene, and (iii) multilayer,
multi-component particles obtained by forming particles of
acryl-olefin-based copolymers or sole polymers and then
coating surfaces of the particles with different kinds of mono-
mers. This realizes an organic ELL device of a microcavity
structure, thus allowing not only increased color purity and
luminous efficiency but also a wide viewing angle.

[0284] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion is preferably such that the positive and negative charge
transport layer has a charge generation region.

[0285] With this configuration, the holes having been
propagated from the anode and the electrons having been
propagated from the cathode can be efficiently propagated to
the light-emitting region.

[0286] Examples of a material for the charge generation
region include vanadium pentoxide (V,05). When the charge
generation region is formed in the organic EL layer and an
equipotential surface is formed between adjacent light-emit-
ting layers, a drive voltage increases, but a small amount of
current flows. This allows an excellent lifetime of light emis-
sion. The charge generation region has a thickness of the
order of 20 nm, for example.

[0287] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion preferably includes a wavelength conversion layer pro-
vided on the light extraction side.

[0288] Further, when the wavelength conversion layer for
converting wavelengths of light is provided on the light
extraction side, it is possible to achieve the effect of conver-
sion to light of a desired wavelength.

[0289] The wavelength conversion layer is formed of inor-
ganic fluorescent materials such as YAG-based fluorescent
material, organic fluorescent materials typified by the mate-
rials for the aforementioned organic EL element, or other
fluorescent materials, for example. The wavelength conver-
sion layer has a thickness of the order of 100 um, for example.
[0290] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion preferably further include a circularly polarizing plate.
[0291] With provision of'the circularly polarizing plate, itis
possible to suppress reflection of extraneous light.

[0292] The circularly polarizing plate has a laminated
structure comprising of'a linearly polarizing plate and a phase
difference plate functioning as a V4A plate. A right-hand cir-
cularly polarizing plate is obtained by applying a Y4 phase
difference film onto the linearly polarizing plate in such a
manner that an axis of the %4 phase difference film tilts 45
degrees with respect to an absorption axis of the linearly
polarizing plate. On the contrary, a left-hand circularly polar-
izing plate is obtained by applying the V4 phase difference
film onto the linearly polarizing plate in such a manner that
the axis of the ¥4 phase difference film tilts 135 degrees (-45
degrees) with respect to the absorption axis of the linearly
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polarizing plate. With this structure, light having transmitted
through the polarizing plate turns to right-handed light when
passing through the filter. The light is reflected by a glass
surface to reverse its rotation direction, thus turning to left-
handed light. Then, the light enters the circularly polarizing
plate again. The circularly polarizing filter transmits right-
handed light alone and absorbs left-handed light. Ultimately,
reflected extraneous light becomes nearly zero. The circularly
polarizing plate, owing to its nature, can eliminate harmful
reflection of extraneous light from a TV monitor, a protection
glass of a frame, etc.

[0293] The phase difference plate is a film with a birefrin-
gence index and can be prepared by stretching a plastic film in
a specific direction. A material for the phase difference plate
may be anything as long as it is transparent and impervious to
a stretching process. Examples of the material for the phase
difference plate include polycarbonate-based polymers,
polyester-based polymers, polysulfone-based polymers,
polystyrene-based polymers, polyphenylene oxide polymers,
and polyolefin-based polymers.

[0294] In addition to the above configuration, the organic
electroluminescent element according to the present inven-
tion preferably includes a color filter provided on the light
extraction side.

[0295] An organic compound used for a luminous object of
an organic EL, as compared with an inorganic luminous
object, has a broadened spectrum. This could be problematic
in producing images of a high color purity. However, by using
a color filter together with such an organic compound, it is
possible to cut an undesired region of the spectrum and to thus
obtain a spectrum with a narrow half-value breadth. There-
fore, by mounting the organic electroluminescent element of
the present invention in a display device, it is possible to
provide a display device that displays high-quality images.
[0296] By theintroduction ofthe color filter, it is possible to
achieve the effect of suppressing or reducing reflection of
extraneous light. The color filter is less effective than the
circularly polarizing plate in suppressing reflection of extra-
neous light. However, as described above, the color filter can
remove wavelengths of an undesired region of light produced
by the organic EL and simultaneously achieve the effect of
increasing color purity. Moreover, the color filter exerts a
great effect when introduced into a product due to its higher
light extraction efficiency and relatively higher luminous effi-
ciency, as compared with the circularly polarizing plate.

[0297] Further, the present invention encompasses an
organic electroluminescent display device including: display
means having an organic electroluminescent element with the
above-described configuration formed on a thin-film transis-
tor substrate.

[0298] In order to solve the above problems, a method for
manufacturing an organic electroluminescent element
according to the present invention is a method for manufac-
turing an organic electroluminescent element including a
homojunction-type positive and negative charge transport
layer having a hole transporting capability and an electron
transporting capability interposed between an anode and a
cathode,

[0299] the method comprising:
[0300] (a)astep of forming the positive and negative charge
transport layer, comprising the sub-steps of:
[0301] (i) forming a light-emitting region by doping a
host material with a light-emitting dopant; and
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[0302] (ii) forming at least one of the following blocking
regions: an electron blocking region, provided closer to
the anode than the light-emitting region, having a lowest
unoccupied molecular orbital absolute value of which is
smaller than that of the lowest unoccupied molecular
orbital of the light-emitting region; and a hole blocking
region, provided closer to the cathode than the light-
emitting region, having a highest occupied molecular
orbital an absolute value of which is larger than that of
the highest occupied molecular orbital of the light-emit-
ting region,

[0303] the step (a) forming the positive and negative charge
transport layer to be a thin layer by reaction of at least one of
organic material components for the positive and negative
charge transport layer on a surface of the substrate or in a
vapor phase.

[0304] According to the above method for manufacturing
an organic electroluminescent element, it is possible to pro-
vide an organic electroluminescent element including the
positive and negative charge transport layer in which the
light-emitting region is interposed between the electron
blocking region that blocks movement of electrons and the
hole blocking region that blocks movement of holes.

[0305] Owing to the electron blocking region and the hole
blocking region, holes propagated from the anode and elec-
trons propagated from the cathode are trapped in the light-
emitting region. This makes it possible to increase the prob-
ability of electron-hole recombination in the light-emitting
region, thus decreasing a drive voltage for the organic EL
element 1.

[0306] Moreover, the increase of the probability of elec-
tron-hole recombination in the light-emitting region enables
an enhanced internal quantum efficiency and an enhanced
luminous efficiency.

[0307] However, the positive and negative charge transport
layer does not necessarily include both the electron blocking
region and the hole blocking region. Even if the positive and
negative charge transport layer includes either one of them, it
is possible to sufficiently increase the probability of electron-
hole recombination.

[0308] Therefore, according to the above method, it is pos-
sible to provide an organic electroluminescent element that
realizes a high luminance, a high efficiency, and a long life-
time.

[0309] In addition to the above configuration, the method
according to the present invention is preferably such that the
blocking regions are formed as organic thin layers coated by
vapor deposition polymerization.

[0310] The blocking regions can be formed by a relatively
simple method called vapor deposition polymerization.
[0311] In addition to the above configuration, the method
according to the present invention is preferably such that the
organic thin layers are formed by polymerization caused by
vapor deposition of an organic material onto the substrate in
a vacuum and heat treatment, and the vapor deposition is
carried out simultaneously with or followed by the heat treat-
ment.

[0312] By heat treatment, the substrate is heated, acceler-
ating the reaction. This brings the following merits of:
[0313] (1) being able to complete vapor deposition poly-
merization;

[0314] (2) being able to control the degree of polymeriza-
tion; and
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[0315] (3) being able to control orientation of molecules in
the deposited layer.

[0316] In addition to the above configuration, the method
according to the present invention is preferably such that the
organic thin layers are formed by polymerization caused by
vapor deposition of an organic material onto the substrate in
a vacuum and exposure to electron beam or ultraviolet light,
and the vapor deposition is carried out simultaneously with or
followed by the exposure.

[0317] By exposure to electron beam or ultraviolet light,
the substrate is heated, uniformizing temperatures of the sub-
strate surface.

[0318] This brings the following merits of:

[0319] (1) being able to complete vapor deposition poly-
merization; and

[0320] (2) being able to control the degree of polymeriza-
tion.
[0321] In addition to the above configuration, the method

according to the present invention is preferably such that the
exposure to electron beam or ultraviolet light is followed by
heat treatment.

[0322] By exposure to electron beam or ultraviolet light
followed by heat treatment, the substrate is heated, uniformiz-
ing temperatures of the substrate surface.

[0323] This brings the following merits of:

[0324] (1) being able to complete vapor deposition poly-
merization; and

[0325] (2) being able to control the degree of polymeriza-
tion.
[0326] In addition to the above configuration, the method

according to the present invention is preferably such that
before the exposure to electron beam or ultraviolet light, a
pattern is formed by transfer from a mask and removal of an
uncured part.

[0327] This makes it possible to form pixels in producing
an organic EL display panel and others.

INDUSTRIAL APPLICABILITY

[0328] The present invention is applicable to various kinds
of devices prepared with an organic EL element, such as a
display device for a television set, for example.

REFERENCE SIGNS LIST
[0329] 1 Organic EL element
[0330] 2 TFT
[0331] 3 Cathode
[0332] 4 Anode
[0333] 6 Electron injection transport region
[0334] 10 Anode
[0335] 20 Cathode
[0336] 30 Positive and negative charge transport layer
[0337] 31 Hole injection transport region (charge genera-

tion region)

[0338] 32 Electron blocking region

[0339] 33 Light-emitting region

[0340] 34 Hole blocking region

[0341] 35 Electron injection transport region (charge gen-

eration region)

[0342] 40 Substrate

[0343] 50 Organic EL display device
[0344] 52 TFT (thin-film transistor)
[0345] 53 Interlayer insulating film
[0346] 55 Edge cover
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1. An organic electroluminescent element comprising:

a positive and negative charge transport layer having a hole
transporting capability and an electron transporting
capability;

an anode;

a cathode; and

a substrate,

the positive and negative charge transport layer being inter-
posed between the anode and the cathode,

the positive and negative charge transport layer, the anode,
and the cathode being stacked on the substrate,

the positive and negative charge transport layer, which is a
homojunction-type layer, comprising:

alight-emitting region which is doped with a light-emitting
dopant,

the positive and negative charge transport layer further
comprising at least one of:

an electron blocking region, provided closer to the anode
than the light-emitting region, having a lowest unoccu-
pied molecular orbital an absolute value of which is
smaller than that of the lowest unoccupied molecular
orbital of the light-emitting region; and

a hole blocking region, provided closer to the cathode than
the light-emitting region, having a highest occupied
molecular orbital an absolute value of which is larger
than that of the highest occupied molecular orbital of the
light-emitting region,

the positive and negative charge transport layer being
formed to be a thin layer by reaction of at least one of
organic material components for the positive and nega-
tive charge transport layer on a surface of the substrate or
in a vapor phase.

2. The organic electroluminescent element according to

claim 1, wherein

the blocking regions are formed by vapor deposition poly-
merization.

3. The organic electroluminescent element according to

claim 1, wherein

the positive and negative charge transport layer has a hole
mobility and an electron mobility that satisfy the follow-
ing condition:

hole mobility/electron mobility=0.01 to 1.

4. The organic electroluminescent element according to
claim 1, wherein
the positive and negative charge transport layer has a hole
mobility and an electron mobility both of which are at
least 1x107% cm®/Vs.
5. The organic electroluminescent element according to
claim 1, wherein
the substrate on which the positive and negative charge
transport layer, the cathode, and the anode are stacked is
composed of a material having flexibility.
6. The organic electroluminescent element according to
claim 1, wherein
out of the anode and the cathode, the electrode located on
a side opposite to a light extraction side of the organic
electroluminescent element is composed of a material
having a property of reflecting light.
7. The organic electroluminescent element according to
claim 1, wherein
out of the anode and the cathode, the electrode located on
the light extraction side is a transparent electrode or a
translucent electrode.
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8. The organic electroluminescent element according to
claim 1, wherein

a light diffusing resin is filled on the light extraction side.

9. The organic electroluminescent element according to
claim 1, further comprising:

a light diffusing plate provided on the light extraction side.

10. The organic electroluminescent element according to
claim 1, wherein

the substrate is composed of a material having a property of

diffusing light.

11. The organic electroluminescent element according to
claim 1, wherein

the positive and negative charge transport layer has a

charge generation region.

12. The organic electroluminescent element according to
claim 1, further comprising:

awavelength conversion layer provided on the light extrac-

tion side.

13. The organic electroluminescent element according to
claim 1, further comprising:

a circularly polarizing plate.

14. The organic electroluminescent element according to
claim 1, further comprising:

a color filter provided on the light extraction side.

15. An organic electroluminescent display device compris-
ing:

display means having an organic electroluminescent ele-

ment according to claim 1 formed on a thin-film transis-
tor substrate.

16. A method for manufacturing an organic electrolumi-
nescent element including a homojunction-type positive and
negative charge transport layer having a hole transporting
capability and an electron transporting capability interposed
between an anode and a cathode,

the method comprising:

(a) a step of forming the positive and negative charge

transport layer, comprising the sub-steps of:

(1) forming a light-emitting region by doping a host
material with a light-emitting dopant; and

(i1) forming at least one of the following blocking
regions: an electron blocking region, provided closer
to the anode than the light-emitting region, having a
lowest unoccupied molecular orbital absolute value
of which is smaller than that of the lowest unoccupied
molecular orbital of the light-emitting region; and a
hole blocking region, provided closer to the cathode
than the light-emitting region, having a highest occu-
pied molecular orbital an absolute value of which is
larger than that of the highest occupied molecular
orbital of the light-emitting region,

the step (a) forming the positive and negative charge trans-

port layer to be a thin layer by reaction of at least one of
organic material components for the positive and nega-
tive charge transport layer on a surface of the substrate or
in a vapor phase.

17. The method according to claim 16, wherein

the blocking regions are formed as organic thin layers

coated by vapor deposition polymerization.

18. The method according to claim 17, wherein

the organic thin layers are formed by polymerization

caused by vapor deposition of an organic material onto
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17
the substrate in a vacuum and heat treatment, and the 20. The method according to claim 19, wherein
vapor deposition is carried out simultaneously with or the exposure to electron beam or ultraviolet light is fol-
followed by the heat treatment. lowed by heat treatment.
19. The method according to claim 17, wherein 21. The method according to claim 19, wherein
the organic thin layers are formed by polymerization before the exposure to electron beam or ultraviolet light, a

caused by vapor deposition of an organic material onto pattern is formed by transfer from a mask and removal of
the substrate in a vacuum and exposure to electron beam an uncured part.

or ultraviolet light, and the vapor deposition is carried
out simultaneously with or followed by the exposure. Ok kR ok ok
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