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(57) ABSTRACT

An organic EL element (1) of the present invention includes
an emission layer (5) which is made of a host material having
a highest occupied molecular orbital shallower than a highest
occupied molecular orbital (8) of an organic light emitting
material in the emission layer (5) (IHOMO of host
material[<IHOMO of organic light emitting materiall) or a
host material having a lowest unoccupied molecular orbital
deeper than a lowest unoccupied molecular orbital (9) of the
organic light emitting material (ILUMO of host
material|>|LUMO of organic light emitting materiall). This
makes it possible to keep the hole mobility and the electron
mobility high in the host material of the emission layer (5),
and therefore the hole and the electron can be efficiently
transported to the emission layer (5). As a result, both the hole
and the electron can be confined within the emission layer (5),
and therefore the hole becomes more likely to recombine with
the electron. On this account, the internal quantum yield rate
can be improved, the luminous efficiency can be improved,
and a driving voltage can be reduced.
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ORGANIC ELECTROLUMINESCENCE
ELEMENT, MANUFACTURING METHOD
THEREOF, AND ORGANIC
ELECTROLUMINESCENCE DISPLAY
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to (i) an organic elec-
troluminescence element which achieves high luminance,
high efficiency, and long life duration, (ii) a method for manu-
facturing the organic electroluminescence element, and (iii)
an organic electroluminescence display device.

BACKGROUND ART

[0002] In recent years, needs for thin flat panel displays
(FPD) are increasing, instead of cathode-ray tube display
devices which have been predominantly used conventionally.
Examples of such FPDs encompass various kinds of displays
such as a non-self-luminous liquid crystal display (LCD), a
self-luminous plasma display panel (PDP), an inorganic elec-
troluminescence (inorganic EL) display, and an organic elec-
troluminescence (organic EL) display.

[0003] Among those, the organic EL display has been
actively studied and developed because an element (organic
EL element), having various properties, is used in the organic
EL display for carrying out a display. Examples of such
properties encompass a thin body, lightweight, being driven
at a low voltage, high luminance, and self-luminous property.
[0004] An organic EL element includes (i) a pair of elec-
trodes (anode and cathode), (ii) a substrate, and (iii) an
organic layer which at least includes an emission layer. The
organic layer is provided between the pair of electrodes. The
emission layer is made of a host material which is doped with
an organic light emitting material. In general, there is pro-
vided between the emission layer and the anode a layer such
as (i) a hole injection layer, which is formed by doping the
host material with an acceptor, (ii) a hole transport layer,
which is formed by doping the host material with an acceptor,
or (iii) a stacked film of the hole injection layer and the hole
transport layer. Moreover, there is provided between the
emission layer and the cathode a layer such as (i) an electron
injection layer, which is formed by doping the host material
with a donor, (ii) an electron transport layer, which is formed
by doping the host material with a donor, or (iii) a stacked film
of'the electron transport layer and the electron injection layer.
[0005] According to the organic EL element, when volt-
ages are applied to respective of the anode and the cathode, a
positive hole is injected to the organic layer from the anode
and an electron is injected to the organic layer from the
cathode. The positive hole and the electron, injected from the
respective electrodes, are recombined with each other in the
emission layer so as to generate an exciton. The organic EL.
element emits light by utilizing light discharged when the
exciton is deactivated.

[0006] In general, a phosphorescent material or an organic
light emitting material such as a fluorescent material is used in
the emission layer. An organic EL element utilizing a phos-
phorescent material brings about advantages such as high
luminous efficiency and long emission lifetime. Therefore,
particularly in recent times, such an organic EL. element,
including an emission layer made of a phosphorescent mate-
rial, is becoming popular. Moreover, an organic EL element is
under development to which a phosphorescent material,
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which has maximum of 100% of internal quantum yield rate,
is added in order to reduce power consumption of the organic
EL element.

[0007] A phosphorescent material, which has maximum of
100% of internal quantum yield rate, is added to each of
organic EL elements which emit respective red light and blue
light. However, such a phosphorescent material having maxi-
mum of 100% of internal quantum yield rate cannot be added
to an organic EL element which emits blue light. Therefore, a
fluorescent material, which has maximum of 25% of internal
quantum yield rate, is used in the organic EL element which
emits blue light.

[0008] Inorderforan organic EL element to emit bluelight,
higher energy is required, as compared to each of red light and
green light. Moreover, in order to obtain the energy from
excited triplet energy (T,), all excited triplet energy, elec-
trons, and positive holes need to be confined within a phos-
phorescent material. In view of this, it is necessary to secure
drastically large difference between a highest occupied
molecular orbital (HOMO) and a lowest unoccupied molecu-
lar orbital (LUMO) not only in a material of the emission
layer but also in its peripheral materials. However, since the
emission layer has a HOMO and a LUMO which are widely
different from each other, it is difficult to employ a material,
as a host material of the emission layer, (i) in which molecules
conjugate and interact and (ii) which has a high carrier mobil-
ity. On this account, in a case where a blue phosphorescent
material is used, there is a problem that luminous efficiency is
low in spite of a high driving voltage being required.

[0009] FIG. 9 illustrates a concrete example of a conven-
tional organic EL element 31 in which a blue phosphorescent
material is used. FIG. 9 is an energy diagram illustrating
layers constituting the conventional organic EL element 31 in
which a blue phosphorescent material is used. In the configu-
ration shown in FIG. 9, NPB (HOMO=5.5 eV, LUMO=2 4
eV)is used as a host material of a hole injection layer 33, mCP
(HOMO=5.9 eV, LUMO=2.4 eV) s used as a host material of
a hole transport layer 34, and 3TPYMB (HOMO=6.8 eV,
LUMO=3.3 eV) is used as a host material of an electron
transport layer 36. As a phosphorescent material in an emis-
sion layer 35, FIr6 (HOMO=6.1 eV, LUMO=3.1 eV) is used.
In order for positive holes and electrons to be confined within
the FIr6, UGH2 (HOMO=7.2 eV, LUMO=2.8 eV), whose
HOMO and LUMO are widely different from each other, is
used as a host material of the emission layer 35. However,
since the UGH2 has the HOMO and LUMO widely different
from each other, the UGH2 has a low electron mobility and a
low hole mobility. This prevents efficient transportation of
positive holes from the hole transport layer 34 to the emission
layer 35. Similarly, electrons cannot be efficiently transported
from the electron transport layer 36 to the emission layer 35.
For the reasons above, the organic EL element 31, in which
the blue phosphorescent material is thus used, has the prob-
lem that luminous efficiency is low in spite of a high driving
voltage being required.

[0010] Inview of this, efforts have been made for improv-
ing luminous efficiency of an organic EL element in which a
blue phosphorescent material is used. For example, Non
Patent Literature 1 discloses an organic EL element including
two emission layers. The following concretely describes the
organic EL element with reference to FIG. 10. FIG. 10 is an
energy diagram illustrating layers constituting an organic EL.
21 having a two-layered emission layer 25. Non Patent Lit-
erature 1 discloses the organic EL element 21 including an



US 2012/0235131 Al

organic layer which is provided between a pair of electrodes
by forming a hole injection layer 23, a first emission layer
25a, a second emission layer 255, and an electron injection
layer 27 in this order (see FIG. 10). According to Non Patent
Literature 1, DTASi (HOMO=5.6 eV, LUMO=2.2 ¢V) is used
as a host material of the hole injection layer 23, and Bphen
(HOMO=6.4 eV, LUMO=3.0eV) is used as a host material of
the electron injection layer 27. Moreover, 4CzPBP
(HOMO=6.0eV, LUMO=2.5 eV) is used as a host material of
the first emission layer 254, and PPT (HOMO=6.6 eV,
LUMO=2.9 eV) is used as a host material of the second
emission layer 255. Each of the first emission layer 254 and
the second emission layer 256 is doped with Flrpic
(HOMO=5.8 eV, LUMO=2.9 eV) as a blue phosphorescent
material. This makes it possible to obtain the organic EL
element 21 in which a difference is small between a HOMO
and a LUMO in each of the first emission layer 254 and the
second emission layer 255. This allows the emission layer 25
of the organic EL element 21 to have a molecular configura-
tion in which &t conjugations are relatively spread, and there-
fore hole and electron mobilities in the emission layer 25 can
be improved. It is therefore possible to obtain an organic EL
element 21 which can be driven at a low voltage of 4.6 V at
1000 cd/m? and has high luminous efficiency of 22 cd/A at
1000 cd/m?.

CITATION LIST
Non Patent Literature

Non Patent Literature 1

[0011] Applied Physics Letters 94, 083506, 2009
Non Patent Literature 2
[0012] “Chemistry of Electron Transfer—Introduction to

Electrochemistry” written by Tadashi Watanabe and Sei-
ichiroh Nakabayashi, compiled by The Chemical Society
of Japan, Asakura Publishing Co. Ltd, September, 2005

SUMMARY OF INVENTION
Technical Problem

[0013] According to the organic EL element 21 disclosed in
Non Patent Literature 1, when an electron is transported from
the electron injection layer 27 to the second emission layer
25b, the electron is transported to a luminescent dopant
(FIrpic). However, the organic EL element 21 of Non Patent
Literature 1 has a configuration in which the electron is easily
transported to the first emission layer 25a from the lumines-
cent dopant. According to the configuration, therefore, posi-
tive holes do not recombine with electrons at an interface
between the first emission layer 254 and the second emission
layer 25b. This causes a reduction in probability of recombi-
nation of positive holes and electrons. That is, internal quan-
tum yield rate will be decreased.

[0014] Moreover, according to the organic EL element 21
of' Non Patent Literature 1, the Flrpic, by which sky blue light
is emitted, is used as the phosphorescent material of each of
the first emission layer 254 and the second emission layer
25b. The Flrpic has a HOMO 28 and a LUMO 29, that is, a
difference is small between the HOMO 28 and the LUMO 29
of the Flrpic. This makes it possible to obtain an organic EL.
element which achieves high luminous efficiency in spite of a
low driving voltage being required. This shows that, in a case
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where a phosphorescent material, by which deep blue light is
emitted, is used, it is necessary to use a host material having
a HOMO and a LUMO which are widely different from each
other, because a difference is large between a HOMO and a
LUMO of the phosphorescent material by which deep blue
light is emitted. Therefore, the problem has remained that
luminous efficiency is low in spite of a high driving voltage
being required.

[0015] The presentinventionis accomplished in view ofthe
problem, and its object is to provide (i) an organic EL element
which can be driven at a low voltage and has high luminous
efficiency and (ii) a method for manufacturing the organic EL.
element.

Solution to Problem

[0016] Inorder to attain the object, an organic electrolumi-
nescence element of the present invention includes: an anode
and a cathode; a substrate; and an organic layer, provided
between the anode and the cathode, which includes at least an
emission layer made of'a host material which is doped with an
organic light emitting material, the organic layer including: a
hole transport layer, provided between the anode and the
emission layer, for transporting a positive hole which has
been injected to the organic layer from the anode, and an
electron transport layer, provided between the cathode and
the emission layer, for transporting an electron which has
been injected to the organic layer from the cathode, the host
material being a hole-transporting material, and the host
material and the organic light emitting material having (i)
respective highest occupied molecular orbitals (HOMOs) and
(i1) respective lowest unoccupied molecular orbitals (LU-
MOs) which satisfy the following relational expressions (1)
and (2):

0 eV<(IHOMO of organic light emitting material|—

[HOMO of host material|)=<0.5 eV (1)

ILUMO of host material[<ILUMO of organic light

emitting material| )
[0017] According to the configuration, the host material of
the emission layer has the highest occupied molecular orbital
shallower than that of the organic light emitting material. This
allows prevention of a positive hole, which has been trans-
ported via the hole transport layer, from being moved to the
electron transport layer. Consequently, positive holes are con-
fined within the emission layer, and therefore the positive
holes become more likely to recombine with electrons. This
allows a reduction in a voltage required for driving the
organic electroluminescence element (organic EL element).
Moreover, since the probability of positive holes recombining
with electrons in the emission layer is increased, internal
quantum yield rate is improved. This allows an improvement
in luminous efficiency.
[0018] A conventional organic EL element, in which a blue
phosphorescent material is used, has a problem that luminous
efficiency is low, in spite of a high driving voltage being
required. On the other hand, according to the present inven-
tion, a positive hole and an electron can be confined within the
emission layer, even in a case where a blue phosphorescent
material is used. In other words, according to the present
invention, it is possible to increase the probability of positive
holes recombining with electrons, and therefore internal
quantum yield rate of the organic EL element can be
improved. This allows an improvement in luminous effi-
ciency.
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[0019] The organic EL element of the present invention
only needs to include at least the three layers, i.e., the hole
transport layer, the emission layer, and the electron transport
layer. This allows the organic EL. element to have a simple
layered structure. It is therefore possible to manufacture the
organic EL element of the present invention not by a complex
manufacturing method but by an easy manufacturing method.
Since the organic EL element has the simple layered struc-
ture, it is easy to dope the hole transport layer, the electron
transport layer, and the like, with dopants.

[0020] Inorder to attain the object, an organic electrolumi-
nescence element of the present invention includes: an anode
and a cathode; a substrate; and an organic layer, provided
between the anode and the cathode, which includes at least an
emission layer made of a host material which is doped with an
organic light emitting material, the organic layer including: a
hole transport layer, provided between the anode and the
emission layer, for transporting a positive hole which has
been injected to the organic layer from the anode, and an
electron transport layer, provided between the cathode and
the emission layer, for transporting an electron which has
been injected to the organic layer from the cathode, the host
material being an electron-transporting material, and the host
material and the organic light emitting material having (i)
respective highest occupied molecular orbitals (HOMOs) and
(i1) respective lowest unoccupied molecular orbitals (LU-
MOs) which satisty the following relational expressions (6)
and (7):

0 eV<(ILUMO of host material|-ILUMO of organic

light emitting materiall)<0.5 eV (6)

IHOMO of host material|>HOMO of organic light
emitting material| (7

[0021] According to the configuration, it is not necessarily
required to use the host material which has (i) the highest
occupied molecular orbital shallower than that of the organic
light emitting material and (ii) the lowest unoccupied molecu-
lar orbital which is deeper than that of the organic light
emitting material. Therefore, both the conditions are not nec-
essarily required to be satisfied, as long as at least one of the
two conditions is satisfied. For example, an emission layer
can be employed which is made of a host material which has
(1) a highest occupied molecular orbital shallower than that of
an organic light emitting material and (ii) a lowest unoccu-
pied molecular orbital shallower than that of the organic light
emitting material. Alternatively, an emission layer can be
employed which is made of a host material which has (i) a
lowest unoccupied molecular orbital deeper than that of an
organic light emitting material and (ii) a highest occupied
molecular orbital deeper than that of the organic light emit-
ting material. As such, it is possible to sufficiently increase
probability of positive holes recombining with electrons, pro-
vided that any one of the conditions is satisfied. Note, how-
ever, that, it is more preferable that both the conditions are
satisfied.

[0022] Inorder to attain the object, an organic electrolumi-
nescence display device of the present invention includes:
display means in which any of the above described organic
electroluminescence elements is provided on a thin film tran-
sistor substrate.

[0023] According to the configuration, the organic elec-
troluminescence display device includes the organic EL ele-
ment which can be driven at a low voltage and has high
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luminous efficiency. It is therefore possible to provide a dis-
play device which achieves high luminance, high efficiency,
and long life duration.
[0024] In order to attain the object, a method for manufac-
turing an organic electroluminescence element of the present
invention is a method for manufacturing an organic electrolu-
minescence element which includes an anode and a cathode,
a substrate, and an organic layer, provided between the anode
and the cathode, which includes at least an emission layer
made of a host material which is doped with an organic light
emitting material, the method including the steps of: forming
the anode on the substrate; forming, on the anode, a hole
transport layer for transporting a positive hole which has been
injected to the organic layer from the anode; forming the
emission layer on the hole transport layer; forming, on the
emission layer, an electron transport layer for transporting an
electron which has been injected to the organic layer from the
cathode; and forming the cathode on the electron transport
layer, in the forming of the emission layer, a hole-transporting
material being used as the host material, the emission layer
being formed by use of the host material and the organic light
emitting material having (i) respective highest occupied
molecular orbitals (HOMOs) and (ii) respective lowest unoc-
cupied molecular orbitals (LUMOs) which satisfy the follow-
ing relational expressions (11) and (12):

0 eV<(IHOMO of organic light emitting material|—

[HOMO of host material|)=0.5 eV (11)

|ILUMO of host material[<ILUMO of organic light
emitting material| (12)

[0025] In order to attain the object, a method for manufac-
turing an organic electroluminescence element of the present
invention is a method for manufacturing an organic electrolu-
minescence element which includes an anode and a cathode,
a substrate, and an organic layer, provided between the anode
and the cathode, which includes at least an emission layer
made of a host material which is doped with an organic light
emitting material, the method including the steps of: forming
the anode on the substrate; forming, on the anode, a hole
transport layer for transporting a positive hole which has been
injected to the organic layer from the anode; forming the
emission layer on the hole transport layer; forming, on the
emission layer, an electron transport layer for transporting an
electron which has been injected to the organic layer from the
cathode; and forming the cathode on the electron transport
layer, in the forming of the emission layer, an electron-trans-
porting material being used as the host material, the emission
layer being formed by use of the host material and the organic
light emitting material having (i) respective highest occupied
molecular orbitals (HOMOs) and (ii) respective lowest unoc-
cupied molecular orbitals (LUMOs) which satisty the follow-
ing relational expressions (13) and (14):

0 eV<(ILUMO of host material|-ILUMO of organic

light emitting material[)=<0.5 eV (13)

IHOMO of host material|>HOMO of organic light

emitting material (14)
[0026] With the configuration, it is possible to provide an
organic EL element which can be driven at a low voltage and
has high luminous efficiency.
[0027] For a fuller understanding of the other objects,
natures, excellent points, and advantages of the present inven-
tion, reference should be made to the ensuing detailed
description taken in conjunction with the accompanying
drawings.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0028] According to the organic electroluminescence ele-
ment of the present invention, it is possible to reduce (i)
positive holes which are moved to the electron transport layer
without recombining with electrons and (ii) electrons which
are moved to the hole transport layer without recombining
with positive holes. This causes positive holes and electrons
to be confined within the emission layer, and therefore posi-
tive holes become more likely to recombine with electrons.
On this account, the internal quantum yield rate is improved,
and therefore the luminous efficiency can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 is an energy diagram illustrating layers con-
stituting an organic electroluminescence element in accor-
dance with an embodiment of the present invention.

[0030] FIG. 2 is an energy diagram illustrating layers con-
stituting an organic electroluminescence element in accor-
dance with an embodiment of the present invention.

[0031] FIG. 3 is an energy diagram illustrating layers con-
stituting an organic electroluminescence element in accor-
dance with an embodiment of the present invention.

[0032] FIG. 4 is a cross-sectional view of an organic elec-
troluminescence element in accordance with an embodiment
of the present invention.

[0033] FIG. 5 is a view schematically illustrating an
organic electroluminescence display device including an
organic electroluminescence element in accordance with an
embodiment of the present invention.

[0034] FIG. 6 is a view schematically illustrating a mobile
phone including an organic electroluminescence display
device in accordance with an embodiment of the present
invention.

[0035] FIG. 7 is a view schematically illustrating a televi-
sion receiver including an organic electroluminescence dis-
play device in accordance with an embodiment of the present
invention.

[0036] FIG. 8 is a view schematically illustrating an illu-
mination device including an organic electroluminescence
element in accordance with an embodiment of the present
invention.

[0037] FIG. 9 is an energy diagram illustrating layers con-
stituting a conventional organic EL element which is doped
with a blue phosphorescent material.

[0038] FIG.10is an energy diagram illustrating layers con-
stituting an organic EL element having a two-layered emis-
sion layer.

DESCRIPTION OF EMBODIMENTS

[0039] (Outline of Organic Electroluminescence Element
D
[0040] An organic electroluminescence element (hereinaf-

ter, referred to as “organic EL element”) of the present
embodiment includes (i) a substrate, (ii) a pair of electrodes
(i.e., an anode and a cathode), and (iii) an organic layer having
an emission layer. The anode, the organic layer, and the cath-
ode are stacked on the substrate in this order so that the
organic layer is provided between the anode and the cathode.
The following describes, with reference to FIG. 4, a concrete
configuration of the organic EL element in accordance with
the present embodiment. FIG. 4 is a cross-sectional view
illustrating an organic EL element 1.
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[0041] The organic EL element 1 includes an insulating
substrate 1 and a plurality of thin film transistors (TFT) each
of which is made up of a gate electrode 15, a drain electrode
16, a source electrode 17, and a gate insulating film 18 (see
FIG. 4). The plurality of TFTs are provided on the insulating
substrate 11 at predetermined intervals. The organic EL ele-
ment 1 further includes a plurality of connection wires 19
which are provided so as to connect the insulating substrate
11 with the respective plurality of TFTs.

[0042] A planarizing film 81, which has contactholes 40, is
provided on the plurality of TFTs. The drain electrodes 15 of
the respective plurality of TFTs are electrically connected
with respective anodes 2, via the respective contact holes 40.
Each edge cover 41 is provided between corresponding adja-
cent ones of the anodes 2. An organic layer is provided over
the anodes 2. The organic layer is made up of a hole injection
layer 12, a hole transport layer 4, an emission layer 5, a hole
blocking layer 13, an electron transport layer 6, and an elec-
tron injection layer 14. Cathodes 3 are provided over the
organic layer. The cathodes 3 are covered with an inorganic
sealing film 46 so that the anodes 2, the organic layer, and the
cathodes 3 are sealed with the inorganic sealing film 46.
[0043] On the other hand, a fluorescent layer 43 and a light
absorbing layer 42 are provided in this order on an opposite
insulating substrate 11. A scatterer layer 44 is also provided
onthe opposite insulating substrate 11. A resin sealing film 45
is provided between the insulating substrate 11 and the oppo-
site insulating substrate 11.

[0044] The organic EL element 1 of the present embodi-
ment is configured such that a difference becomes small
between a highest occupied molecular orbital (HOMO) and a
lowest unoccupied molecular orbital (LUMO) of a host mate-
rial of the emission layer 5. Moreover, the organic EL element
1 is configured such that positive holes and electrons can be
certainly confined within the emission layer 5. With the con-
figuration, the positive holes become more likely to recom-
bine with the electrons, while keeping high the mobilities of
the positive holes and the electrons in the organic layer. This
will be described below in detail.

[0045] (Configuration of Organic Layer)

[0046] The following describes how the organic layer of the
organic EL element 1 is configured, with reference to FIGS. 1
through 3. FIG. 1 is an energy diagram illustrating layers
constituting the organic EL element 1. FIG. 2 is an energy
diagram illustrating layers constituting an organic EL ele-
ment 1a. FIG. 3 is an energy diagram illustrating layers con-
stituting an organic EL element 15.

[0047] As early described, the organic layer of the organic
EL element 1 is made up of the hole transport layer 4, the
emission layer 5, and the electron transport layer 6, which are
stacked in this order. The emission layer 5 is doped with a
phosphorescent material (organic light emitting material). A
positive hole, which has been injected from the anode 2, is
transported to the emission layer 5 via the hole transport layer
3. On the other hand, an electron, which has been injected
from the cathode 3, is transported to the emission layer 5 via
the electron transport layer 6. In the emission layer 5, the
positive hole, which has been transported via the hole trans-
port layer 4, recombines with the electron, which has been
transported via the electron transport layer 6. This causes the
organic EL element 1 to emit light.

[0048] The organic EL element 1 of the present embodi-
ment is configured such that the positive holes and the elec-
trons are certainly transported to the emission layer 5. Spe-
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cifically, the emission layer 5 is made of a host material which
has (i) a HOMO shallower than a HOMO 8 of the phospho-
rescent material and (ii) a LUMO deeper than a LUMO 9 of
the phosphorescent material (see FIG. 1). This allows preven-
tion ofa positive hole, which has been transported via the hole
transport layer 4, from being moved to the electron transport
layer 6. Similarly, it is possible to prevent an electron, which
has been transported via the electron transport layer 6, from
being moved to the hole transport layer 4. This causes the
positive hole and the electron to be confined within the emis-
sion layer 5, and therefore a positive hole becomes more
likely to recombine with an electron in the emission layer 5.
As such, it becomes possibleto reduce a voltage necessary for
driving the organic EL element 1. Since positive holes
become more likely to recombine with electrons in the emis-
sion layer 5, internal quantum yield rate is improved. This
allows an improvement in luminous efficiency.

[0049] Note thatitis preferable that a difference is not more
than 0.5 eV between the HOMO of the host material of the
emission layer 5 and the HOMO 8 of the phosphorescent
material. This is caused by the fact that the positive holes and
the electrons are transported by the hopping conduction in the
organic EL, element 1. During the hopping conduction, a
mobility of the positive hole decreases in accordance with
exp(-AE/RT), where “AE” is a difference between an energy
level at which the positive holes are trapped and an energy
level at which the positive holes hop, “R” is a gas constant,
and “T” is an absolute temperature [K]. Because of this, in a
case where a difference is more than 0.5 eV between the
HOMO of the host material and the HOMO 8, the positive
holes become less likely to be thermally excited in the emis-
sion layer 5. The value of 0.5 eV can be explained by using the
Arrhenius’ equation. Since an electric field is applied, the
positive holes are hardly moved from the host material to an
anode side material. That is, the positive holes are moved
from the host material to the phosphorescent material, in a
case where a difference is not more than 0.5 eV between the
HOMO of the host material and the HOMO 8.

[0050] Since a difference is more than 0 eV between the
HOMO of'the host material and the HOMO 8, it is possible to
reduce a difference between the HOMO of and the LUMO of
the host material itself. This allows a reduction in voltage
required for operating a display device itself.

[0051] Similarly, it is preferable that a difference is not
more than 0.5 eV between the LUMO of the host material of
the emission layer 5 and the LUMO 9 of the phosphorescent
material. In this case, since an electric field is applied, the
positive holes are hardly moved from the host material to a
cathode side material. This is similar to the case of the energy
difference between the HOMO of the host material and the
HOMO 8 of the phosphorescent material. Namely, since the
difference is not more than 0.5 eV between the LUMO of the
host material and the LUMO 9, the electrons are moved from
the host material to the phosphorescent material.

[0052] Since a difference is more than 0 eV between the
LUMO of the host material and the LUMO 9, it is possible to
reduce a difference between the HOMO of and the LUMO of
the host material itself. This allows a reduction in voltage
required for operating a display device itself.

[0053] Note, however, that both the conditions (on the
HOMOs and the LUMOs) are not necessarily satisfied. At
least one of the two conditions can be satisfied. For example,
an organic EL element 1a can be employed which includes an
emission layer 5 made of a host material which has (i) a
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HOMO shallower than a HOMO 8 of a phosphorescent mate-
rial and (ii) a LUMO shallower than a LUMO 9 of the phos-
phorescent material (see FIG. 2). Alternatively, an organic EL,
element 156 can be employed which includes an emission
layer 5 made of a host material which has (i) a LUMO deeper
than a LUMO 9 of a phosphorescent material and (ii) a
HOMO deeper than a HOMO 8 of the phosphorescent mate-
rial (see FIG. 3). It is possible to sufficiently increase prob-
ability of positive holes recombining with electrons, provided
that any one of the conditions is satisfied.

[0054] Note that it is preferable that the hole transport layer
4 is made of a hole-transporting material having a LUMO
which (i) is shallower than that of the host material of the
emission layer 5 and (ii) is shallower than the LUMO 9 of the
phosphorescent material. With the configuration, it is pos-
sible to prevent an electron, which has been transported to the
emission layer 5, from being moved to the hole transport layer
4. It is preferable that (i) a difference is more than 0.5 eV
between a LUMO of the hole transport layer 4 and a LUMO
9 of the phosphorescent material and (ii) a difference is more
than 0.5 eV between the LUMO of the hole transport layer 4
and aLUMO of'the host material of the emission layer 5. With
the configuration, since the difference is more than 0.5 eV
between the LUMO of the hole transport layer 4 and the
LUMO 9 of the phosphorescent material, it is possible to hold
down the probability that an electron can be thermally excited
at a boundary between the emission layer 5 and the hole
transport layer 4. The same applies to the case where the
difference is more than 0.5 eV between the LUMO of the hole
transport layer 4 and the LUMO of the host material of the
emission layer 5. It is therefore possible to prevent an electron
from being moved to a hole transport layer 4 side.

[0055] Similarly, it is preferable that the electron transport
layer 6 is made of an electron-transporting material having a
HOMO which (i) is deeper than that of the host material of the
emission layer 5 and (ii) is deeper than the HOMO 8 of the
phosphorescent material. With the configuration, it is pos-
sible to prevent a positive hole, which has been transported to
the emission layer 5, from being moved to the electron trans-
port layer 6. It is preferable that (i) a difference is more than
0.5 eV between a HOMO of the electron transport layer 6 and
a HOMO 8 of the phosphorescent material and (ii) a differ-
ence is more than 0.5 eV between the HOMO of the electron
transport layer 6 and a HOMO of the host material for the
emission layer 5. With the configuration, since the difference
is more than 0.5 eV between the HOMO of the electron
transport layer 6 and the HOMO 8 of the phosphorescent
material, it is possible to hold down the probability that a
positive hole can be thermally excited at a boundary between
the emission layer 5 and the electron transport layer 6. The
same applies to the case where the difference is more than 0.5
eV between the HOMO of the electron transport layer 6 and
the HOMO of the host material for the emission layer 5. It is
therefore possible to prevent a positive hole from being
moved to an electron transport layer 6 side.

[0056] The above description has discussed preferable
materials for respective of the hole transport layer 4 and the
electron transport layer 6. Note, however, that it is not neces-
sarily required to employ materials for respective of the hole
transport layer 4 and the electron transport layer 6 which
materials meet the above respective conditions. For example,
itis possible to appropriately determine which one of the hole
transport layer 4 and the electron transport layer 6 should
prevent a carrier (positive hole or electron) from being
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moved, in accordance with whether positive holes recombine
with electrons (i.e., emissions occur) predominantly on a hole
transport layer 4 side or on an electron transport layer 6 side.
It is possible to sufficiently bring about the effect, even in the
case where only one of the hole transport layer 4 and the
electron transport layer 6 is made of the material which can
block the movement of the carriers.

[0057] In order to confine excitation energy within the
phosphorescent material, it is preferable that the hole trans-
port layer 4 is made of a material which has an excited triplet
energy level (T, ) higher than that of the phosphorescent mate-
rial, with which the emission layer 5 is doped. Similarly, it is
preferable that the electron transport layer 6 is made of a
material which has an excited triplet energy level higher than
that of the phosphorescent material. Note that, even in a case
where each of the hole transport layer 4 and the electron
transport layer 6 is made of a material which has an excited
triplet energy level lower than that of the phosphorescent
material, the excitation energy is hardly moved from the
phosphorescent material, provided that a difference is about
0.1 eV between (i) the excited triplet energy level of each of
the material of the hole transport layer 4 and the material of
the electron transport layer 6 and (ii) the excited triplet energy
level of the phosphorescent material. This is because in a case
where such a difference is not more than 0.1 eV, a moving
process of the excitation energy occurs in an electron-ex-
changing manner. As such, the phosphorescent material can
be returned to its original state by electron exchange between
the phosphorescent material and its other peripheral material
(such as the hole-transporting material, the electron-trans-
porting material, and/or the host material). Each of the hole
transport layer 4 and the electron transport layer 6 can there-
fore be made of a material which has an excited triplet energy
level lower, by approximately 0.1 eV, than that of the phos-
phorescent material.

[0058] According to the organic electroluminescence ele-
ment of the present invention, the hole transport layer is made
of'a material having an excited triplet energy level (i) which is
higher than that of the organic light emitting material or (ii)
which is lower, by 0.1 eV or less, than that of the organic light
emitting material.

[0059] According to the organic electroluminescence ele-
ment of the present invention, the electron transport layer is
made of a material having an excited triplet energy level (i)
which is higher than that of the organic light emitting material
or (ii) which is lower, by 0.1 eV or less, than that of the organic
light emitting material.

[0060] According to the organic EL element 1 of the
present embodiment, the host material of the emission layer 5
is determined by taking into consideration the HOMO 8 and
the LUMO 9 of the phosphorescent material. This allows
prevention of a positive hole, which has been transported to
the emission layer 5, from being moved to the electron trans-
port layer 6. Similarly, it is possible to prevent an electron,
which has been transported to the emission layer 5, from
being moved to the hole transport layer 4. This causes the
positive hole and the electron to be confined within the emis-
sion layer 5, and therefore a positive hole becomes more
likely to recombine with an electron. As such, the probability
that the positive hole can recombine with the electron is
increased in the organic EL element 1 of the present embodi-
ment. This allows a reduction in voltage necessary for driving
the organic EL element 1. Since positive holes become more
likely to recombine with electrons in the emission layer 5,
internal quantum yield rate is improved. This allows an
improvement in luminous efficiency.
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[0061] A conventional organic EL element, in which a blue
phosphorescent material is used, has a problem that luminous
efficiency is low, in spite of a high driving voltage being
required. On the other hand, according to the present embodi-
ment, a positive hole and an electron can be confined within
the emission layer 5, even in a case where a blue phosphores-
cent material is used. In other words, according to the present
embodiment, it is possible to increase the probability of posi-
tive holes recombining with electrons, and therefore internal
quantum yield rate of the organic EL element 1 can be
improved. This allows an improvement in luminous effi-
ciency.

[0062] (Substrate of Organic EL Element 1)

[0063] The following describes constituent members of the
organic EL. element 1. As early described, the organic EL
element 1 includes the anode 2 and the cathode 3 which are
provided above the substrate (not illustrated). The organic EL
element 1 further includes the organic layer provided between
the anode 2 and the cathode 3. The organic layer is made up of
the hole transport layer 4, the emission layer 5, and the elec-
tron transport layer 6.

[0064] The following description will first discuss the sub-
strate. The substrate, which is included in the organic EL
element 1, is not limited to a particular one, provided that it
has an insulating property. A material, which can be used as
the substrate of the organic EL element 1, is not limited to a
particular one. It is therefore possible to use, for example, a
known insulating substrate material.

[0065] Examples of such an insulating substrate material
encompass (1) an inorganic material substrate made of a mate-
rial such as glass or quartz and (ii) a plastic substrate made of
a material such as polyethylene terephthalate or polyimide
resin. Alternatively, it is possible to use a substrate which is
prepared by coating a metal substrate, which is made of a
metal such as aluminum (Al) or iron (Fe), with an insulator
made of a material such as silicon oxide or an organic insu-
lating material. Alternatively, it is possible to use a substrate,
which is prepared by carrying out an insulating treatment by
use of a method such as an anodic oxidation with respect to a
surface of a metal substrate made of a metal such as aluminum
(AD.

[0066] Note that, in a case where light, which has been
emitted from the emission layer 5 of the organic EL element
1, is emitted from an opposite side of the substrate, i.e.,ina
case where the organic EL element 1 is of a top-emission type,
it is preferable that the substrate is made of a material which
has no light-transmitting property. For example, a semicon-
ductor substrate such as a silicon wafer can be used as the
substrate. In contrast, in a case where light, which has been
emitted from the emission layer 5 of the organic EL element
1, is emitted from a substrate side, i.e., in a case where the
organic EL element 1 is of a bottom-emission type, it is
preferable that the substrate is made of a material which has a
light-transmitting property. For example, a substrate such as a
glass substrate or a plastic substrate can be used as the sub-
strate.

[0067] (Electrodes of Organic EL Element 1)

[0068] The following description will discuss the elec-
trodes. The electrodes included in the organic EL element 1
are not limited in particular, provided that they serve as a pair
like the anode 2 and the cathode. Each of the electrodes can
have a single layer structure in which the single layer is made
from a single electrode material. Alternatively, each of the
electrodes can have a multilayer structure in which a plurality
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of layers are made from respective electrode materials. The
electrode materials, which can be used as materials for the
respective electrodes of the organic EL. element 1, are not
limited to particular ones, and therefore each of the electrodes
can be made from, for example, a known electrode material
(s)-

[0069] The anode 2 can be made of (i) a metal such as gold
(Auw), platinum (Pt), or nickel (Ni) or (ii) a transparent elec-
trode material such as indium tin oxide (ITO), tin oxide
(SnO,), or indium zinc oxide (IZO).

[0070] On the other hand, the cathode 3 can be made of (i)
a metal such as lithium (Li), calcium (Ca), cerium (Ce),
barium (Ba), or aluminum (Al) or (ii) an alloy, including at
least one of the metals, such as a magnesium-silver (Mg—
Ag) alloy or an Li—Al alloy.

[0071] Note that light, which has been emitted from the
emission layer 5 of the organic EL element 1, needs to be
emitted from an anode 2 side or from a cathode 3 side. In this
case, it is preferable that (i) one of the anode 2 and the cathode
3 is made of an electrode material which passes the light
through and (ii) the other is made of an electrode material
which blocks the light. Examples of the electrode material,
which blocks the light, encompass (i) a black electrode mate-
rial such as tantalum or carbon and (ii) a reflective metal
electrode material such as Al, Ag, Au, an Al—Li alloy, an
aluminum-neodymium (Al—Nd) alloy, or an aluminum-sili-
con (Al—Si) alloy.

[0072] (Organic Layer of Organic EL Element 1)

[0073] The following description will discuss the organic
layer. The organic layer is made up of the hole transport layer
4, the emission layer 5, and the electron transport layer 6.
[0074] The following description will first discuss the
emission layer 5. As early described, the emission layer is
doped with a phosphorescent material. The phosphorescent
material, with which the emission layer 5 can be doped, is not
limited to a particular one. For example, a known phospho-
rescent material can be used.

[0075] A blue phosphorescent material can be used as the
phosphorescent material. Examples of such a blue phospho-
rescent material encompass (i) Ir-complexes such as iridium
(IMbis(4',6'-difluorophenylpyridinato)tetrakis(1-pyrazolyl)
borate (FIr6) (HOMO=6.1 eV, LUMO=3.1 eV, and excited
triplet energy level=2.71 eV), iridium(III)bis[4,6-(di-fluo-
rophenyl)-pyridinato-N, C2'|picolinate (Flrpic), iridium(IIT)
tris[N-(4'-cyanophenyl)-N'-methylimidazole-2-ylidene-C2,
C2'|(Ir(cn-pmic);), tris((3,5-difluoro-4-cyanophenyl)
pyridine)iridium (FCNIr), and Ir(cnbic),, and (ii) complexes
of heavy-atom metals such as platinum (Pt), rethenium (Re),
ruthenium (Ru), copper (Cu), and osmium (Os).

[0076] As early described, the emission layer 5 is made of
the host material which has the HOMO shallower than the
HOMO 8 of the phosphorescent material, with which the
emission layer 5 is doped, so that a positive hole, which has
been transported via the hole transport layer 4, is prevented
from being moved to the electron transport layer 6. Moreover,
the host material of the emission layer 5 has the LUMO
deeper than the LUMO 9 of the phosphorescent material so
that an electron, which has been transported via the electron
transport layer 6, is prevented from being moved to the hole
transport layer 4. Examples of the host material encompass
adamantane carbazole (Ad-Cz) (HOMO=5.8 eV, LUMO=2.6
eV, and excited triplet energy level=2.88 eV) and 4,4',4"-tris
(carbazole-9-yl)triphenylamine (TCTA) (HOMO=5.8 eV,
LUMO=2.7 eV, and excited triplet energy level=2.85 eV).
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Note, however, that the host material is not limited to these.
The host material of the organic EL element 1 can be selected
as appropriate so that the foregoing conditions are satisfied,
after a phosphorescent material of the organic EL element 1
has been determined. Therefore, the host material is not lim-
ited to the materials listed above, provided that the host mate-
rial satisfies the foregoing conditions.

[0077] TItis preferable that the emission layer 5 is made of a
host material which has an excited triplet energy level higher
than that of the phosphorescent material, with which the
emission layer 5 is doped, so that excitation energy can be
confined within the phosphorescent material. Note that, even
in a case where the host material has an excited triplet energy
level lower than that of the phosphorescent material, the exci-
tation energy is hardly moved from the phosphorescent mate-
rial, provided that a difference is about 0.1 eV between the
excited triplet energy level of the host material and the excited
triplet energy level of the phosphorescent material. It is there-
fore possible to employ a host material which has an excited
triplet energy level lower, by approximately 0.1 eV, than that
of the phosphorescent material.

[0078] As early described, the host material used in the
organic EL element 1 does not need to satisfy both the con-
ditions that (i) the host material has a HOMO higher than the
HOMO 8 of the phosphorescent material with which the
emission layer 5 is doped and (ii) the host material has a
LUMO lower than the LUMO 9 of the phosphorescent mate-
rial, provided that at least one of the conditions is satisfied. It
is therefore possible to employ the host material, which is
used in the organic EL element 1a (see FIG. 2), having (i) a
HOMO shallower than the HOMO 8 of the phosphorescent
material with which the emission layer 5 is doped and (ii) a
LUMO shallower than the LUMO 9 of the phosphorescent
material. In this case, it is preferable that the host material of
the emission layer $ has HOMO and LUMO which are similar
to respective HOMO and LUMO of a host material used as a
conventional hole-transporting material. This allows elec-
trons to be confined within the emission layer 5. Moreover,
the host material of the emission layer 5 preferably has an
excited triplet energy level higher than that of the phospho-
rescent material, with which the emission layer 5 is doped.
This allows excitation energy to be confined within the phos-
phorescent material. Note, however, that, evenina case where
the host material has an excited triplet energy level lower than
that of the phosphorescent material, the excitation energy is
hardly moved from the phosphorescent material, provided
that a difference is about 0.1 eV between the excited triplet
energy level of the host material and the excited triplet energy
level of the phosphorescent material. It is therefore possible to
employ a host material which has an excited triplet energy
level lower, by about 0.1 eV, than that of the phosphorescent
material.

[0079] Examples of the host material of the emission layer
5 of the organic EL element 1a, encompass CzSi, 1,3-bis
(carbazole-9-yl)benzene  (mCP) (HOMO=5.9 eV,
LUMO=2.4 eV, and excited triplet energy level=2.9 eV), and
Ad-Cz. Note, however, that the host material is not limited to
these. The host material of the organic EL element 1a can be
selected as appropriate so that the foregoing conditions are
satisfied, after a phosphorescent material of the organic EL.
element 1a has been determined. Therefore, the host material
of the organic EL element 1a is not limited to the materials
listed above, provided that the host material satisfies the fore-
going conditions.
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[0080] Alternatively, it is possible to employ a host mate-
rial, which is used in the organic EL element 15 (see FIG. 3),
having (i) a LUMO deeper than the LUMO 9 of the phospho-
rescent material with which the emission layer 5 is doped and
(i1) a HOMO deeper than the HOMO 8 of the phosphorescent
material. In this case, it is preferable that the host material of
the emission layer 5 has HOMO and LUMO which are similar
to respective HOMO and LUMO of a host material used as a
conventional electron-transporting material. This allows
positive holes to be confined within the emission layer 5.
Moreover, the host material of the emission layer 5 preferably
has an excited triplet energy level higher than the excited
triplet energy level of the phosphorescent material, with
which the emission layer 5 is doped. This allows excitation
energy to be confined within the phosphorescent material.
Note, however, that, even in a case where the host material has
an excited triplet energy level lower than the excited triplet
energy level of the phosphorescent material, the excitation
energy is hardly moved from the phosphorescent material,
provided that a difference is about 0.1 eV between the excited
triplet energy levels. It is therefore possible to employ a host
material which has an excited triplet energy level lower, by
about 0.1 eV, than that of the phosphorescent material.

[0081] Examples of the host material, which constitutes the
emission layer 5 of the organic ELL element 15, encompass
tris(2,4,6-trimethyl-3-(pyridine-3-yl)phenyl)borane
(BTPYMB) (HOMO=6.8 ¢V, LUMO=3.3 eV, and excited
triplet energy level=2.98 eV) and 1,3,5-tri(m-pyridi-3-yl-
phenyl)benzene (TmTyPB) (HOMO=6.68 eV, LUMO=2.73
eV, and excited triplet energy level=2.78 eV). Note, however,
that the host material is not limited to these. The host material
of the organic EL element 15, can be selected as appropriate
so that the foregoing conditions are satisfied, after a phospho-
rescent material of the organic EL element 15 has been deter-
mined. Therefore, the host material, which is used in the
organic EL element 15, is not limited to the materials listed
above, provided that the host material satisfies the foregoing
conditions.

[0082] Then, the following description will discuss the hole
transport layer 4. A hole-transporting material, which can be
used as a material of the hole transport layer 4, is not limited
to a particular one. For example, a known hole-transporting
material can be used. Examples of such a hole-transporting
material encompass di-[4-(N,N-ditolyl-amino)-phenyl]cy-
clohexane (TAPC) (HOMO=5.5 eV, LUMO=1.8 eV, and
excited triplet energy level=2.87 eV), 9,10-diphenylan-
thracene-2-sulfonate (DPAS), N,N'-diphenyl-N,N'-(4-(di(3-
tolyl)amino)phenyl)-1,1'-biphenyl-4,4'-diamine (DNTPD),
iridium(IT)tris| N,N'-diphenylbenzimidazol-2-ylidene-C2,
C2'(Ir(dpbic),), 4,4',4"-tris-(N-carbazolyl)-triphenylamine
(TCTA), 2,2-bis(p-trimellitoxyphenyl)propanoic acid anhy-
dride (BTPD), bis[4-(p,p-ditolylamino)phenyl]diphenylsi-
lane (DTASI), mCP, and Ad-Cz. The hole transport layer 4 of
the present embodiment can be made of a material which is
either identical with or different from the host material of the
emission layer 5. Note, however, that, in a case where the hole
transport layer 4 is made of a material which is identical with
the host material of the emission layer 5, the host material
needs to have a HOMO which is shallower than the HOMO 8
ofthe phosphorescent material with which the emission layer
5 is doped. This allows a reduction in the amount of materials
ofthe organic EL element 1, and therefore manufacturing cost
can be reduced.
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[0083] The hole transport layer 4 can be doped with a
p-dopant such as tetrafluorotetracyanoquinodimethan (TC-
NQF4) so that hole transportation in the hole transport layer
4 is facilitated. This allows a further reduction in voltage
necessary for driving the organic EL element 1.

[0084] As above described, the hole-transporting material
of the hole transport layer 4 preferably has an excited triplet
energy level which is higher than that of the phosphorescent
material with which the emission layer 5 is doped. In a case
where the hole transport layer 4 is made of ahole-transporting
material having an excited triplet energy level lower than that
of the phosphorescent material, it is preferable that the
organic EL element 1 is configured such that excitation
energy can be confined within the phosphorescent material.
Specifically, a layer, which is made of only a host material,
can be provided between the hole transport layer 4 and the
emission layer 5. The layer serves as an electron-blocking
layer which prevents an energy deactivation from being
caused by an exciplex in an interface between the emission
layer 5 and the hole transport layer 4. That is, the layer can
prevent energy loss, i.e., the energy from being moved from
the emission layer 5 to the hole transport layer 4.

[0085] The following description will discuss the electron
transport layer 6. An electron-transporting material of the
electron transport layer 6 is not limited to a particular one. For
example, a known electron-transporting material can be used.
Examples of such an electron-transporting material encom-
pass 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP),
1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene (TPBI),
3-phenyl-4(1'-naphthyl)-5-phenyl-1,2,4-triazole (TAZ), 4,7-
diphenyl-1,10-phenanthroline (Bphen), Ad-Cz, dipalmi-
toylphosphatidylserine (DPPS), 1,3,5-tri(m-pyrido-3-yl-
phenyl)benzene (TmPyPB), 1,3,5-tri(p-pyrido-3-yl-phenyl)
benzene (TpPyPB), 3TPYMB, and TmTyPB. The electron
transport layer 6 of the present embodiment can be made of a
material which is either identical with or different from the
host material of the emission layer 5. Note, however, that, in
a case where the electron transport layer 6 is made of a
material which is identical with the host material of the emis-
sion layer 5, the host material needs to have a LUMO which
is deeper than the LUMO 9 of the phosphorescent material
with which the emission layer 5 is doped. This allows a
reduction in the amount of materials of the organic EL ele-
ment 1, and therefore manufacturing cost can be reduced.
[0086] The electron transport layer 6 can be doped with an
n-dopant such as cesium carbonate (Cs,CO;) so that electron
transportation in the electron transport layer 6 is facilitated.
This allows a further reduction in voltage necessary for driv-
ing the organic EL element 1.

[0087] As early described, the electron-transporting mate-
rial of the electron transport layer 6 preferably has an excited
triplet energy level which is higher than that of the phospho-
rescent material with which the emission layer 5 is doped. In
a case where the electron transport layer 6 is made of an
electron-transporting material having an excited triplet
energy level lower than that of the phosphorescent material, it
is preferable that the organic EL element 1 is configured such
that excitation energy can be confined within the phospho-
rescent material. Specifically, a layer, which is made of only
a host material, can be provided between the electron trans-
port layer 6 and the emission layer 5. The layer serves as a
hole-blocking layer which prevents an energy deactivation
from being caused by an exciplex in an interface between the
emission layer 5 and the electron transport layer 6. That is, the
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layer can prevent energy loss, i.e., the energy from being
moved from the emission layer 5 to the electron transport
layer 6.

[0088] (Method for Manufacturing Organic EL. Element 1)
[0089] The following description will briefly discuss how
the organic EL element 1 is manufactured. As early described,
an organic EL element has a transistor which serves as a
switching element. Note, however, that the present embodi-
ment will not refer to steps of preparing such a transistor.
[0090] The following description will discuss how to form
ananode 2, an organic layer, and a cathode 3, on a substrate on
which a plurality of transistors have been provided in an
island-shaped manner. First, anodes 2 are patterned above the
respective plurality of transistors (step of forming an anode).
Then, an organic layer is formed by stacking layers over the
anodes 2. Note that an organic insulating film (not illustrated)
can be formed on the periphery of the anodes 2 so as to secure
insulation around the respective anodes 2. It is preferable that
the organic insulating film is made of a material such as a
polyimide resin material. However, the material used to con-
stitute the organic insulating film is not limited to this. Instead
of them, a known organic insulating material, for example,
can be used.

[0091] Then, a hole transport layer 4 is formed (step of
forming a hole transport layer). The hole transport layer 4 is
formed by depositing a hole-transporting material over the
anodes 2. In this case, it is preferable that the hole transport
layer 4 is deposited to have a thickness of approximately 50
nm. The hole transport layer 4 is thus formed.

[0092] Subsequently, an emission layer 5 is formed. Spe-
cifically, the emission layer 5 is formed by concurrently
depositing a host material and a phosphorescent material on
the hole transport layer 4 (step of forming an emission layer).
Inthis case, it is preferable that the host material is doped with
the phosphorescent material so that the phosphorescent mate-
rial accounts for approximately 7.5% of the emission layer 5.
The emission layer 5 is thus formed. Note that it is preferable
for the emission layer 5 to have a thickness of approximately
30 nm.

[0093] Then, an electron transport layer 6 is formed (step of
forming an electron transport layer). The electron transport
layer 6 is formed by depositing an electron-transporting
material on the emission layer 5. In this case, it is preferable
that the electron transport layer 6 has a thickness of approxi-
mately 30 nm. The electron transport layer 6 is thus formed.

[0094] Lastly, cathodes are formed (step of forming a cath-
ode). The cathodes 3 are patterned on the electron transport
layer 6, and an organic EL element 1 is thus prepared. This is
how the organic EL element 1 of the present embodiment is
prepared. Note that the organic EL element 1 of the present
embodiment only needs to include at least the three layers,
i.e., the hole transport layer 4, the emission layer 5, and the
electron transport layer 6. This allows the organic EL element
1 to have a simple layered structure. It is therefore possible to
manufacture the organic EL element 1 not by a complex
manufacturing method but by an easy manufacturing method.
Since the organic EL element 1 has the simple layered struc-
ture, it is easy to dope the hole transport layer 4, the electron
transport layer 6, and the like, with dopants.

[0095] The present invention is not limited to the embodi-
ments, but can be altered by a skilled person in the art within
the scope of the claims. An embodiment derived from a
proper combination of technical means disclosed in respec-
tive different embodiments is also encompassed in the tech-
nical scope of the present invention.
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[0096] For example, another organic light emitting mate-
rial, such as a phosphorescent material having a color other
than blue or a fluorescent material, can be used in the present
embodiment instead of the blue phosphorescent material. It is
possible to further reduce a voltage necessary for driving the
organic EL element 1, even in a case where the organic EL.
element 1 of the present embodiment is made of an organic
light emitting material other than the blue phosphorescent
material.

[0097] TItispossibleto provide anorganic EL display device
including display means having an organic EL element 1 of
the present embodiment. The following describes a concrete
example of such an organic EL display device with reference
to FIG. 5. FIG. 5 is a view schematically illustrating an
organic EL display device 20 which includes the organic EL.
element 1.

[0098] The organic EL display device 20, which includes
the organic EL element 1, further includes (i) a substrate 72 on
which a pixel section 53, a gate signal side driving circuit 50,
adata signal side driving circuit 49, a wire 51, a current supply
line 52, and a sealing substrate 54 are provided, (ii) an FPC
(Flexible Printed Circuit) 47, and (iii) an external driving
circuit 48 (see FIG. 5).

[0099] The external driving circuit 48 controls (i) the gate
signal side driving circuit 50 to sequentially select scanning
lines in the pixel section 53 and (i1) the data signal side driving
circuit 49 to write pieces of pixel data into respective pixels
which are provided along a selected one of the scanning lines.
That is, the gate signal side driving circuit 50 sequentially
drives the scanning lines and the data signal side driving
circuit 49 supplies pieces of pixel data to the respective data
lines. Each pixel, which is located at an intersection of a
corresponding one of the scanning lines and a corresponding
one of the data lines, is driven when (i) the gate signal side
driving circuit 50 drives the corresponding one of the scan-
ning lines and (ii) the data signal side driving circuit 49
supplies a piece of pixel data to the corresponding one of the
data lines.

[0100] Tt is also possible to provide an electronic device
including the above organic EL display device. Concrete
examples are illustrated in FIGS. 6 and 7. FIG. 6 is a view
schematically illustrating a mobile phone 70 which includes
the organic EL display device. FIG. 7 is a view schematically
illustrating a television receiver 80 which includes the organic
EL display device.

[0101] The organic EL display device, which includes the
organic EL element 1 of the present embodiment, can be
employed as a display section 59 of the mobile phone 70 (see
FIG. 6). The mobile phone 70 further includes a voice input
section 55, a voice output section 56, a main body 57, an
antenna 58, and operation switches 60 (see FIG. 6). These
constituent members have functions similar to those of a
conventional mobile phone, and therefore descriptions of the
constituent members are omitted here. Moreover, detailed
descriptions of how the mobile phone 70 is configured are
omitted here.

[0102] The organic EL display device, which includes the
organic EL element 1 of the present embodiment, can be
employed as a display section 61 of the television receiver 80
(see FIG. 7). A reference numeral 62 indicates a speaker.
Detailed descriptions of how the television receiver 80 is
configured are omitted here. This is because the television
receiver 80 has a configuration similar to a conventional tele-



US 2012/0235131 Al

vision receiver, except that the organic EL display device of
the present embodiment is employed as the display section 61
of the television receiver 80.

[0103] TItispossible toprovide an organic EL display device
with high luminous efficiency, by thus including the organic
EL element 1 of the present embodiment, and such an organic
EL display device can be employed as a display section
included in various kinds of electronic devices.

[0104] The descriptions have thus discussed the organic EL
display device, including the display means having the
organic EL element 1 of the present embodiment. Note, how-
ever, that the organic EL element 1 can be used also as a light
source of an illumination device. The following description
will discuss a concrete example of such an illumination
device with reference to FIG. 8. FIG. 8 is a view schemati-
cally illustrating an illumination device 90 including the
organic EL element 1.

[0105] The illumination device 90, which includes the
organic EL element 1, further includes an optical film 71, a
substrate 11, an anode 2, an organic EL layer 10, a cathode 3,
a thermal diffusion sheet 64, a sealing substrate 65, a sealing
resin 63, a heat radiation member 66, a driving circuit 67, a
wire 68, and a hook 69 for suspending the illumination device
90 from a ceiling (see FIG. 8).

[0106] Itis possible to provide an illumination device with
high luminous efficiency, by thus including the organic EL
element 1 of the present embodiment.

[Recapitulation of Embodiment]

[0107] According to the organic electroluminescence ele-
ment of the present invention, a material of the electron trans-
port layer, the host material, and the organic light emitting
material have respective highest occupied molecular orbitals
(HOMOs) which satisfy the following relational expressions
(3) and (4):

0.5 eV<([HOMO of material of electron transport

layer|-IHOMO of host materiall) (3)

0.5 eV<(IHOMO of material of electron transport
layer|-IHOMO of organic light emitting materiall) (4)

[0108] According to the configuration, each of the host
material and the organic light emitting material has the high-
est occupied molecular orbital which is deeper, by 0.5 eV,
than that of the material of the electron transport layer [0.5
eV<(IHOMO of material of electron transport layer|—
IHOMO of host materiall) and 0.5 eV<(IHOMO of material
of electron transport layer|-IHOMO of organic light emitting
materiall)]. This allows prevention of a positive hole, which
has been transported via the hole transport layer, from being
moved to the electron transport layer. In a case where the
material for the electron transport layer has a hole mobility
which is 1.0x10~° em?/Vs or less, no positive hole can enter
the electron transport layer, and therefore light will be emitted
from a side of the emission layer which side faces the electron
transport layer. This causes a positive hole to be confined
within the emission layer, and therefore the positive hole
becomes more likely to recombine with the electron. As such,
it becomes possible to reduce a voltage necessary for driving
the organic electroluminescence element (organic EL ele-
ment). Since positive holes become more likely to recombine
with electrons, internal quantum yield rate can be improved.
This allows an improvement in luminous efficiency.
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[0109] According to the organic electroluminescence ele-
ment of the present invention, the material of the electron
transport layer has an excited triplet energy level (i) which is
higher than that of the organic light emitting material or (ii)
which is lower, by 0.1 eV or less, than that of the organic light
emitting material.

[0110] With the configuration, it is possible to confine exci-
tation energy within the organic light emitting material con-
tained in the emission layer. This allows prevention of the
excitation energy from being moved from the organic light
emitting material.

[0111] According to the organic electroluminescence ele-
ment of the present invention, the material of the electron
transport layer has a hole mobility (WH) which satisfies the
following relational expression (5):

1y=1.0x107% cm?/Vs 5)

[0112] According to the organic electroluminescence ele-
ment of the present invention, a material of the hole transport
layer, the host material, and the organic light emitting mate-
rial have respective lowest unoccupied molecular orbitals
(LUMOs) which satisfy the following relational expressions
(8) and (9):

0.5 eV<(ILUMO of host material|-I[LUMO of mate-

rial of hole transport layer|) (8)

0.5 eV<(ILUMO of organic light emitting material|—
ILUMO of material of hole transport layer!) )

[0113] With the configuration, it is possible to prevent an
electron, which has been transported to the emission layer,
from being moved to the hole transport layer. In a case where
the hole transporting material has an electron mobility which
is 1.0x10™> ecm?/Vs or less, no electron can enter the hole
transport layer, and therefore light will be emitted from a side
ofthe emission layer which side faces the hole transport layer.

[0114] According to the organic electroluminescence ele-
ment of the present invention, the material of the hole trans-
port layer has an excited triplet energy level (i) which is
higher than that of the organic light emitting material or (ii)
which is lower, by 0.1 eV or less, than that of the organic light
emitting material.

[0115] With the configuration, it is possible to confine exci-
tation energy within the organic light emitting material con-
tained in the emission layer. This allows prevention of the
excitation energy from being moved from the organic light
emitting material.

[0116] According to the organic electroluminescence ele-
ment of the present invention, the material of the hole trans-
port layer has an electron mobility (u;) which satisfies the
following relational expression (10):

<1.0x107° cm?/Vs 10
He

[0117] The organic electroluminescence element of the
present invention further includes a layer (i) which is pro-
vided between the hole transport layer and the emission layer
and (ii) which is not doped with an organic light emitting
material.

[0118] The organic electroluminescence element of the
present invention further includes a layer (i) which is pro-
vided between the electron transport layer and the emission
layer and (ii) which is not doped with an organic light emit-
ting material.
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[0119] According to the configuration, the layer, (i) which
is provided between the emission layer and the hole transport
layer and (ii) which is not doped with an organic light emit-
ting material, serves as an electron-blocking layer. This
allows prevention of an energy deactivation from being
caused by an exciplex in an interface between the emission
layer and the hole transport layer. That is, the layer prevents
energy from being moved from the emission layer to the hole
transport layer. Similarly, the layer, (i) which is provided
between the emission layer and the electron transport layer
and (ii) which is not doped with an organic light emitting
material, can prevent energy from being moved from the
emission layer to the electron transport layer.

[0120] According to the organic electroluminescence ele-
ment of the present invention, the hole transport layer is
doped with a dopant which facilitates transportation of a
positive hole.

[0121] According to the organic electroluminescence ele-
ment of the present invention, the electron transport layer is
doped with a dopant which facilitates transportation of an
electron.

[0122] With the configurations, it is possible to facilitate (i)
transportation of positive holes, which have been injected via
the anode, to the emission layer and (ii) injection of the
electron, which has been injected via the cathode, to the
emission layer. This allows positive holes and electrons to be
sufficiently transported to the emission layer.

[0123] According to the organic electroluminescence ele-
ment of the present invention, the hole transport layer is made
of a material which is identical with the host material.
[0124] According to the organic electroluminescence ele-
ment of the present invention, the electron transport layer is
made of a material which is identical with the host material.
[0125] With the configuration, it is possible to reduce the
number of kinds of materials used in the organic EL element,
and therefore manufacturing cost can be reduced.

[0126] According to the organic electroluminescence ele-
ment of the present invention, the organic light emitting mate-
rial is a phosphorescent material.

[0127] With the configuration, it is possible to provide an
organic EL element which has high luminous efficiency and
long emission lifetime.

[0128] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not exceed
the scope of the patent claims set forth below.

EXAMPLES

[0129] The following description will further discuss, in
detail with Examples, the present invention. Note that the
present invention is not limited to the Examples without
departing from the scope of the present invention.

Example 1

[0130] A silicon semiconductor film was deposited on a
glass substrate by plasma chemical vapor deposition (plasma
CVD), and was then subjected to a crystallization treatment
so that a polycrystalline semiconductor film was prepared.
Subsequently, the polycrystalline silicon thin film was etched
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so that a plurality of island-shaped patterns of polycrystalline
silicon thin film are formed. Then, silicon nitride (SiN) serv-
ing as a gate insulating film was formed over the plurality of
island-shaped patterns. Next, a titanium layer, an aluminum
layer, and a titanium layer are stacked on the gate insulating
film, in this order, so as to form stacked films (titanium-
aluminum-titanium (Ti—Al—Ti)) each serving as a gate
electrode, and then the stacked films were etched to be pat-
terned. Subsequently, a source electrode and a drain elec-
trode, each having a stacked film structure of Ti—Al—Ti,
were formed on a corresponding one of the gate electrodes. A
plurality of thin film transistors were thus prepared.

[0131] An interlayer insulating film, which has through
holes formed above the respective plurality of thin film tran-
sistors, was formed over the plurality of thin film transistors
s0 as to achieve planarization. Then, indium tin oxide (ITO)
electrodes serving as anodes were formed via the respective
through holes. Then, a single-layered polyimide resin layer
was patterned so as to surround the ITO electrodes. After that,
the substrate, on which the ITO electrodes had been formed,
was subjected to ultrasonic cleaning, and was then baked
under reduced pressure at 200° C. for three hours.

[0132] Subsequently, a hole transport layer having a thick-

ness of 50 nm was formed by depositing di-[4-(N,N-ditolyl-

amino)-phenyl]cyclohexane (TAPC), at a deposition rate of 1
sec, on the anodes by a vacuum deposition method.

[0133] Next, an emission layer having a thickness of 30 nm
was formed on the hole transport layer by concurrently depos-
iting (i) 9-(4-tert-butylphenyl)-3,6-bis(triphenylsilyl)-9H-
carbazole (CzSi) and (ii) iridium(III)bis(4',6'-difluorophe-
nylpyridinato)tetrakis (1-pyrazolyl)borate (FIr6) on the hole
transport layer by the vacuum deposition method. In this case,
the CzSi was doped with the FIr6 so that the FIr6 accounts for
approximately 7.5% of the emission layer.

[0134] Subsequently, an electron transport layer having a
thickness of 30 nm was formed on the emission layer by
depositing  tris(2,4,6-trimethyl-3-(pyridine-3-yl)phenyl)bo-
rane (3TPYMB) by the vacuum deposition method.

[0135] Next, a cathode was formed by stacking lithium
fluoride (LiF) and aluminum (Al), in this order, on the elec-
tron transport layer. Specifically, an LiF film having a thick-
ness of 0.5 nm was formed by depositing LiF, at a deposition
rate of 1 A/sec, on the electron transport layer by the vacuum
deposition method. After that, an Al film having a thickness of
100 nm was formed by depositing Al on the LiF film. An
organic EL element was thus prepared.

[0136] A current efficiency and a life duration Ty, at 1000
cd/m? of the organic EL element thus prepared were mea-
sured. As a result, good values were obtained, i.e., the current
efficiency was 10 c¢d/A and the life duration Ts, was 1000 h.

Example 2

[0137] Note that steps, processed in Example 2 until before
the step of forming an organic layer, are identical with those
processed in Example 1. As such, descriptions of such steps
are omitted here. The following description will therefore
first discuss a step of forming a hole transport layer, and then
discuss subsequent steps.

[0138] In this Example 2, a hole injection layer, having a
thickness of 20 nm, was formed by depositing TAPC on
anodes by the vacuum deposition method.
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[0139] Then, aholetransport layer, having a thickness 0f30
nm, was formed by depositing 1,3-bis(carbazole-9-yl)ben-
zene (mCP) on the hole injection layer by the vacuum depo-
sition method.

[0140] Subsequently, an emission layer, having a thickness
of 30 nm, was formed by concurrently depositing tris(2,4,6-
trimethyl-3-(pyridine-3-yl)phenyl)borane (3TPYMB) and
FIr6 on the hole transport layer by the vacuum deposition
method. In this case, PPT was doped with the FIr6 so that the
FIr6 accounts for approximately 7.5% of the emission layer.
[0141] Then, an electron transport layer having a thickness
of'10nm was formed by depositing 3TPYMB on the emission
layer by the vacuum deposition method.

[0142] After that, an electron injection layer, having a
thickness of 20 nm, was formed by photo-depositing
3TPYMB and cesium carbonate (Cs,CO;) on the electron
transport layer by the vacuum deposition method. In this case,
3TPYMB was doped with the Cs,CO; so that the Cs,CO,
accounts for approximately 30% of the electron injection
layer.

[0143] Then, an Al film, serving as a cathode and having a
thickness of 100 nm, was formed by depositing Al on the
electron injection layer. An organic EL element was thus
prepared.

[0144] A current efficiency and a life duration T, at 1000
cd/m? of the organic EL element thus prepared were mea-
sured. As a result, good values were obtained, i.e., the current
efficiency was 8 cd/A and the life duration T, was 800 h.
[0145] In Examples 1 and 2 above described, the emission
layer is made of a host material which has been selected by
taking into consideration a phosphorescent material with
which the emission layer is doped. Specifically, in Example 1,
the CzSi, which has a highest occupied molecular orbital
(HOMO) shallower than that of the FIr6, is used as the host
material. The TAPC, of which the hole transport layer is
made, has a LUMO shallower than that of each ofthe FIr6 and
the CzSi. This allows further prevention of positive holes,
which have been transported via the hole transport layer, from
being moved to the electron transport layer. Similarly, the
3TPYMB, of which the electron transport layer is made, has
a HOMO deeper than that of each of the FIr6 and the CzSi.
This allows prevention of electrons, which have been trans-
ported via the electron transport layer, from being moved to
the hole transport layer. With the configuration, it is possible
to (i) reduce positive holes which are moved to the electron
transport layer without recombining with electrons and (ii)
reduce electrons which are moved to the hole transport layer
without recombining with positive holes. This causes positive
holes and electrons to be confined within the emission layer,
and therefore positive holes become more likely to recombine
with electrons. This is the reason why the organic EL element
of Example 1 showed the good current efficiency and the
good life duration Ts,.

[0146] Here, each of an electron moving speed and a hole
moving speed can be expressed by a general Arrhenius’ equa-
tion (1) below, where “k,” is a moving speed constant of
each of an electron and a positive hole and “A” is a frequency
factor (which is independent of temperature).

kgr=Aexp(-AE/RT) (1

[0147] When a reaction between molecules is discussed,
“A” is considered to represent 10''M™'s™! (see Non Patent
Literature 2). The following list shows moving speed con-
stants found by the equation (1) for respective values of AE.

Fpr=2.0x10° 57! for AE=0.1 V.

kpr=4.1x107 57! for AE=0.2 &V.

Sep. 20, 2012

kp7=8.4x10° 57! for AE=0.3 eV.
Fzr=1.7x10% s7! for AE=0.4 eV.
kp=3.5%x10% s~ for AE=0.5 V.

kzr=1.1 57! for AE=0.6 eV.

[0148] This shows that, when the AE is 0.5 eV or less, an
electron is moved, within sub-millisecond (e.g., 29 millisec-
onds for AE=0.5 eV), between molecules from a host material
of a first emission layer to a phosphorescent material. In
contrast, it is also shown that the electron is moved on the
second time scale when the AE is 0.6 eV or more. That is, even
in a case of an uphill energy difference, an electron can be
moved, provided that AE is 0.5 eV or less.

[0149] Energy f(x), which is stabilized by applying an elec-
tric field, can be expressed by an equation (2) below. Specifi-
cally, the energy f(x) is energy which causes an electron to be
stabilized after the electron is moved, by a distance X, in
response to an applied electric field V. Note that “q” is an
elementary electric charge (i.e., an absolute value of an elec-
tric charge of an electron).

fw)—qVx @

[0150] Theequation (2)clearly shows that, since an electric
field is applied, an electron (or a positive hole) (i) is hardly
moved in a direction opposite to an applied electric field and
(i1) is more likely to be merely moved along a gradient of the
electric field. It follows that, once a positive hole is affected by
an applied electric field so as to be moved, the hole (i) is
hardly returned from the first emission layer to an anode side
material such as a hole transporting material and (ii) is pre-
dominantly moved from a host material of the first emission
layer to a phosphorescent material with which the first emis-
sion layer is doped.

[0151] Therefore, in a case where a difference is not more
than 0.5 eV between a HOMO of a host material of the first
emission layer and a HOMO of the phosphorescent material,
the probability that a positive hole can be thermally excited is
increased, and therefore positive holes become more likely to
recombine with electrons. Since a difference is more than 0
eV between the HOMO of the host material of the first emis-
sion layer and the HOMO of'the phosphorescent material, it is
possible to reduce a difference between the HOMO of and the
LUMO of the host material itself.

[0152] Meanwhile, according to Example 2, the hole injec-
tion layer is made of TAPC, which is used also in Example 1.
Moreover, the hole transport layer is made of the mCP which
has a HOMO in (i) between the TAPC and the FIr6 or (ii)
between the TAPC and the 3TPYMB. This allows positive
holes to be efficiently transported to the emission layer. More-
over, according to Example 2, the 3TPYMB, which has a
LUMO deeper than that of the FIr6, is used as the host
material of the emission layer. Further, the electron injection
layer is doped with the Cs,CO, as an n-dopant. This allows an
electron-injection from the cathode to be facilitated. Note that
the electron transport layer, which is made of the 3TPYMB, is
provided between (i) the electron injection layer, which is
doped with the n-dopant, and (ii) the emission layer. This
allows prevention of the organic EL element from being
deteriorated by a contact of the n-dopant with the emission
layer. As such, electrons can be efficiently transported to the
emission layer, and therefore it becomes possible to increase
the probability that positive holes recombine with electrons.
This is the reason why the organic EL element of Example 2
showed the good current efficiency and the good life duration
Ts,. In Example 2, the electron transport layer is made of a
material which is identical with the host material of the emis-
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sion layer. Note, however, that, even in a case where the
electron transport layer is made of a material different from
that of the host material of the emission layer, it is possible to
bring out effects similar to those of Example 2.

INDUSTRIAL APPLICABILITY

[0153] The present invention can be used in various devices
each of which includes an organic EL element. For example,
the present invention can be used in a display device such as
a television.

REFERENCE SIGNS LIST
[0154] 1, 1a, 15,21, and 31: Organic EL element
[0155] 2,22, and 32: Anode
[0156] 3 and 30: Cathode
[0157] 4 and 34: Hole transport layer
[0158] 5,25, and 35: Emission layer
[0159] 6 and 36: Electron transport layer
[0160] 8,28, and 38: Highest occupied molecular orbital of

phosphorescent material

[0161] 9,29, and 39: Lowest unoccupied molecular orbital
of phosphorescent material

[0162] 25a: First emission layer

[0163] 25b: Second emission layer

[0164] 23 and 33: Hole injection layer

[0165] 27 and 37: Electron injection layer

1. An organic electroluminescence element comprising:

an anode and a cathode;

a substrate; and

an organic layer, provided between the anode and the cath-
ode, which includes at least an emission layer made of a
host material which is doped with an organic light emit-
ting material, the organic layer including:

a hole transport layer, provided between the anode and the
emission layer, for transporting a positive hole which
has been injected to the organic layer from the anode,
and

an electron transport layer, provided between the cathode
and the emission layer, for transporting an electron
which has been injected to the organic layer from the
cathode,

the host material being a hole-transporting material, and

the host material and the organic light emitting material
having (i) respective highest occupied molecular orbit-
als (HOMOs) and (ii) respective lowest unoccupied
molecular orbitals (LUMOs) which satisfy the follow-
ing relational expressions (1) and (2):

0 eV<(|JHOMO of organic light emitting material|-
[HOMO of host material[)=0.5 eV (1)

ILUMO of host material [<[LUMO of organic light
emitting materiall

2. The organic electroluminescence element as set forth in

claim 1, wherein:

a material of the electron transport layer, the host material,
and the organic light emitting material have respective
highest occupied molecular orbitals (HOMOs) which
satisfy the following relational expressions (3) and (4):

0.5 eV<([HOMO of material of electron transport
layer|-IHOMO of host materiall) (3)

0.5 eV<(IHOMO of material of electron transport
layer|-IHOMO of organic light emitting materiall) (4)
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3. The organic electroluminescence element as set forth in
claim 1, wherein:
the material of the electron transport layer has an excited
triplet energy level (i) which is higher than that of the
organic light emitting material or (ii) which is lower, by
0.1 eV or less, than that of the organic light emitting
material.
4. The organic electroluminescence element as set forth in
claim 1, wherein:
the material of the electron transport layer has a hole mobil-
ity (1) which satisfies the following relational expres-
sion (5):
uy=1.0x107% em?/Vs 5)

5. An organic electroluminescence element comprising:

an anode and a cathode;

a substrate; and

an organic layer, provided between the anode and the cath-
ode, which includes at least an emission layer made of a
host material which is doped with an organic light emit-
ting material,

the organic layer including:

a hole transport layer, provided between the anode and the
emission layer, for transporting a positive hole which
has been injected to the organic layer from the anode,
and

an electron transport layer, provided between the cathode
and the emission layer, for transporting an electron
which has been injected to the organic layer from the
cathode,

the host material being an electron-transporting material,
and

the host material and the organic light emitting material
having (i) respective highest occupied molecular orbit-
als (HOMOs) and (i) respective lowest unoccupied
molecular orbitals (LUMOs) which satisfy the follow-
ing relational expressions (6) and (7):

0 eV<(ILUMO of host material|-ILUMO of organic
light emitting material [)=0.5 eV (6)

IHOMO of host material|>HOMO of organic light
emitting material| @)

6. The organic electroluminescence element as set forth in

claim 5, wherein:

a material of the hole transport layer, the host material, and
the organic light emitting material have respective low-
est unoccupied molecular orbitals (LUMOs) which sat-
isfy the following relational expressions (8) and (9):

0.5 eV<(ILUMO of host material|-ILUMO of mate-
rial of hole transport layer|) (8)

0.5 eV<(ILUMO of organic light emitting material|—
ILUMO of material of hole transport layer!) 9

7. The organic electroluminescence element as set forth in
claim 5, wherein:
the material of the hole transport layer has an excited triplet
energy level (i) which is higher than that of the organic
light emitting material or (i1) which is lower, by 0.1 eV or
less, than that of the organic light emitting material.
8. The organic electroluminescence element as set forth in
claim 5, wherein:
the material of the hole transport layer has an electron
mobility (u;) which satisfies the following relational
expression (10):
uz=1.0x107% cm?/Vs (10)



US 2012/0235131 Al

9. An organic electroluminescence element as set forth in
claim 1, further comprising:

a layer (i) which is provided between the hole transport
layer and the emission layer and (ii) which is not doped
with an organic light emitting material.

10. An organic electroluminescence element as set forth in

claim 1, further comprising:

alayer (i) which is provided between the electron transport
layer and the emission layer and (ii) which is not doped
with an organic light emitting material.

11. The organic electroluminescence element as set forth in

claim 1, wherein:

the hole transport layer is doped with a dopant which
facilitates transportation of a positive hole.

12. The organic electroluminescence element as set forth in

claim 1, wherein:

the electron transport layer is doped with a dopant which
facilitates transportation of an electron.

13. The organic electroluminescence element as set forth in

claim 1, wherein:

the hole transport layer is made of a material which is
identical with the host material.

14. The organic electroluminescence element as set forth in

claim 1, wherein:

the electron transport layer is made of a material which is
identical with the host material.

15. The organic electroluminescence element as set forth in

claim 1, wherein:

the organic light emitting material is a phosphorescent
material.

16. An organic electroluminescence display device com-

prising:

display means in which an organic electroluminescence
element recited in claim 1, is provided on a thin film
transistor substrate.

17. A method for manufacturing an organic electrolumi-
nescence element which comprises an anode and a cathode, a
substrate, and an organic layer, provided between the anode
and the cathode, which includes at least an emission layer
made of a host material which is doped with an organic light
emitting material, said method comprising the steps of:

forming the anode on the substrate;

forming, on the anode, a hole transport layer for transport-
ing a positive hole which has been injected to the organic
layer from the anode;

forming the emission layer on the hole transport layer;
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forming, on the emission layer, an electron transport layer
for transporting an electron which has been injected to
the organic layer from the cathode; and
forming the cathode on the electron transport layer,
in the forming of the emission layer, a hole-transporting
material being used as the host material, the emission
layer being formed by use of the host material and the
organic light emitting material having (i) respective
highest occupied molecular orbitals (HOMOs) and (ii)
respective lowest unoccupied molecular orbitals (LU-
MOs) which satisfy the following relational expressions
(11) and (12):
0 eV<(IHOMO of organic light emitting material|—
IHOMO of host materiall)<0.5 eV (11)

|ILUMO of host material[<ILUMO of organic light
emitting material| (12)
18. A method for manufacturing an organic electrolumi-
nescence element which comprises an anode and a cathode, a
substrate, and an organic layer, provided between the anode
and the cathode, which includes at least an emission layer
made of a host material which is doped with an organic light
emitting material, said method comprising the steps of:
forming the anode on the substrate;
forming, on the anode, a hole transport layer for transport-
ing a positive hole which has been injected to the organic
layer from the anode;
forming the emission layer on the hole transport layer;
forming, on the emission layer, an electron transport layer
for transporting an electron which has been injected to
the organic layer from the cathode; and
forming the cathode on the electron transport layer,
in the forming of the emission layer, an electron-transport-
ing material being used as the host material, the emission
layer being formed by use of the host material and the
organic light emitting material having (i) respective
highest occupied molecular orbitals (HOMOs) and (ii)
respective lowest unoccupied molecular orbitals (LLU-
MOs) which satisfy the following relational expressions
(13) and (14):
0 eV<(ILUMO of host material|-ILUMO of organic
light emitting material)=0.5 eV (13)

IHOMO of host material|>HOMO of organic light
emitting material| (14)
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