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(57) ABSTRACT

The present invention provides a phosphorescent lumines-
cent device which has high-efficiency and a long lifetime.
The organic electroluminescent device according to the
present invention includes a pair of electrodes and an
organic layer disposed between the pair of electrodes,
wherein the organic layer has at least a light-emitting layer,
and the light-emitting layer include at least a host material
and dopants containing at least a first dopant and a second
dopant, and wherein a triplet lowest excitation level of the
first dopant is higher than a triplet lowest excitation level of
the host material, and a triplet lowest excitation level of the
second dopant is lower than a triplet lowest excitation level
of the host material.
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ORGANIC ELECTROLUMINESCENT DEVICE
AND DISPLAY APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an organic elec-
troluminescent device and a display apparatus including a
plurality thereof.

[0003] 2. Related Background Art

[0004] Recent years have seen progress in the develop-
ment of organic electroluminescent devices (hereinafter,
referred to as “organic EL device”).

[0005] Organic EL devices have at least one organic layer
between electrodes. The organic layer includes at least a
light-emitting layer, wherein the organic layer structure can
be, for example, a three-layer structure consisting of a
hole-transporting layer, a light-emitting layer and an elec-
tron-transporting layer, or a two-layer structure consisting of
a hole-transporting layer and a light-emitting layer.

[0006] Japanese Patent Application Laid-Open No. 2002-
050483 (corresponding to U.S. patent application Publica-
tion No. 2002/0146589) discloses a light-emitting layer
which has three kinds of organic compound. The paragraphs
[0038] and [0039] referring to FIG. 3 of Japanese Patent
Application Laid-Open No. 2002-050483 (corresponding to
the paragraphs [0048] and [0049] referring to FIG. 3 of U.S.
patent application Publication No. 2002/0146589) describes
the following.

[0007] An energy transfer takes place from the lowest
excitation singlet state of the third organic compound to the
lowest excitation singlet state of the first organic compound,
and transits to the lowest triplet state by intersystem cross-
ing. Further, an energy transfer takes place from the lowest
excitation triplet state of the third organic compound to the
lowest excitation triplet state of the first organic compound.
Thereafter, an energy transfer takes place from the lowest
excitation triplet state of the first organic compound to the
second lowest excitation triplet state of the second organic
compound, and after the transition to the lowest excitation
singlet state by reverse intersystem crossing, fluorescence is
emitted in the process of returning to the ground state.

[0008] The quantitative relationship among the first, sec-
ond and third organic compounds of Japanese Patent Appli-
cation Laid-Open No. 2002-050483 is unclear. More spe-
cifically, Examples in this application disclose that a first
organic compound is a phosphorescent material which does
not emit light and a second compound is a fluorescent
material which does emit light. Further, it is disclosed in the
Examples that the proportion of these two compounds is
respectively 0.02 mg and 0.10 mg, whereby it is understood
that there is more of the fluorescent material which emits
light. However, Japanese Patent Application Laid-Open No.
2002-050483, does not clearly specifies as to what the third
compound is, and whether the third compound is quantita-
tively greater than the first and second compounds. There-
fore, there is no basis for supposing that the light-emitting
layer containing these first, second and third compounds is
a so-called host-guest type light-emitting layer.

[0009] In addition, the organic EL device described in
Japanese Patent Application Laid-Open No. 2002-050483

1. Field of the Invention
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requires further improvements in terms of emission effi-
ciency, as well as lifetime and power consumption as a
device.

[0010] In view of the above, it is an object of the present
invention to provide an organic EL device having greater
efficiency and a longer lifetime.

SUMMARY OF THE INVENTION

[0011] To achieve the above-described object, the present
invention provides an organic electroluminescent device
including; a pair of electrodes, and an organic layer disposed
between the pair of electrodes, the organic layer having at
least a light-emitting layer, wherein the light-emitting layer
including at least a host material and dopants containing at
least a first dopant and a second dopant, and wherein a triplet
lowest excitation level of the first dopant is higher than a
triplet lowest excitation level of the host material, and a
triplet lowest excitation level of the second dopant is lower
than a triplet lowest excitation level of the host material.

[0012] According to the present invention, an organic EL
device having greater efficiency and a longer lifetime can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. 1A and 1B are diagrams illustrating one
example of an organic EL device according to the present
invention; and

[0014] FIG. 2 is a diagram illustrating the lowest excita-
tion level for the host material and each dopant in the organic
EL device according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0015] The light-emitting layer of the EL device according
to the present invention includes at least a host material and
dopants containing least a first dopant and a second dopant.

[0016] The first dopant itself is not a dopant having a
purpose of emitting light. The first dopant receives energy
from the host material to cause intersystem crossing from
the singlet lowest excitation state to the triplet lowest
excitation state, whereby energy is supplied from the first
dopant via the host material to the second dopant. It is not
necessary to completely prevent light emission of the first
dopant. If necessary, the first dopant can emit light to a
certain extent.

[0017] The second dopant is a dopant for mainly emitting
light, and is a phosphorescent material. Thus, energy needs
to be efficiently supplied to the triplet lowest excitation state
of the second dopant.

[0018] In the present invention, the term “light-emitting
layer” means a layer having a light-emitting function among
the organic layers provided between the electrodes. The term
“host material” means a main component contained in the
light-emitting layer. More specifically, the host material is a
material contained in the light-emitting layer at 60 weight %
or more thereof. The term “dopant” means a material just
slightly contained in the light-emitting layer. More specifi-
cally, the dopant is a material contained in the light-emitting
layer at 40 weight % or less thereof. Therefore, in the present
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invention the total amount of the first dopant and the second
dopant is 40 weight % or less.

[0019] In the organic EL device according to the present
invention, it is thought that the location where the hole and
the electron fed from the pair of electrodes recombine is in
the host material. This is because the host material is a main
component accounting for a large proportion of the host
material. As a result of recombination, the host material
singlet lowest excitation state is generated. Energy is ini-
tially transferred to the first dopant without being directly
transferred from the singlet lowest excitation state of the
host material to the triplet lowest excitation state of the
second dopant. In the first dopant, the singlet lowest exci-
tation state undergoes intersystem crossing to a triplet lowest
excitation state, whereby energy is transferred from the first
dopant to the second dopant. The energy is transferred at this
time to the second dopant via the host material.

[0020] Any of the following points, for example, can be
given as advantages of a first dopant.

[0021] (1) Selectivity of the host material broadens
because it is possible to use a host material having a large
difference between its singlet lowest excitation state and
triplet lowest excitation state.

[0022] (2) Selectivity of the second dopant broadens
because of accepting a large difference between the singlet
lowest excitation state of the host material and the singlet
lowest excitation state of the second dopant.

[0023] (3) Selectivity of the second dopant broadens
because of accepting a large difference between the singlet
lowest excitation state of the host material and the triplet
lowest excitation state of the second dopant.

[0024] (4) Selectivity of the second dopant broadens
because of no necessity of expecting intersystem crossing in
the second dopant and because of accepting a large differ-
ence between the singlet lowest excitation state and triplet
lowest excitation state of the second dopant.

[0025] The above advantages make, for example, the
following possible. Namely, after specific materials are
determined for the host material and the second dopant, a
preferable first dopant can be selected for improving effi-
ciency.

[0026] Thus, in the present invention, the above-described
advantages can be achieved without generating intersystem
crossing in a second dopant, and further, without generating
intersystem crossing even in the host material, but by
generating intersystem crossing in another material (first
dopant).

[0027] In the present invention, as described above, the
transfer of energy from the first dopant is carried out via the
host material.

[0028] As described above, the host material is the main
component of the light-emitting layer. As such, the likeli-
hood that the first dopant and the host material are adjacent
is greater than the likelihood that the first dopant and the
second dopant are adjacent. Further, the likelihood that the
second dopant and the host material are adjacent is greater
than the likelihood that the first dopant and the second
dopant are adjacent. In the present invention, energy transfer
of the triplet excited energy is utilized. In this case, energy
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transfer is carried out by a Dexter mechanism, wherein the
distance of extending energy transfer in the Dexter mecha-
nism is shorter than that in the Forster mechanism which is
transfer mechanism of a singlet excited energy. Thus, the
transfer of energy from the first dopant to the second dopant
can be efficiently carried out via the host material.

[0029] The magnitude correlation between the lowest
excitation levels of respective layers for forming the light-
emitting layer of the organic EL device according to the
present invention will now be described with referring to
FIG. 2.

[0030] In the present invention, energy which is trans-
ferred from the first dopant is preferably transferred to the
second dopant via the triplet lowest excitation state of the
host material.

[0031] Therefore, the magnitude correlation among the
host material’s singlet lowest excitation level Sy, the first
dopant’s singlet lowest excitation level Sy, ;, the first
dopant’s triplet lowest excitation level Ty, ; and the host
material’s triplet lowest excitation level Ty, is preferably as
follows.

[0032] That is, the magnitude correlation is preferably
S1>Sp1> T > Ty

[0033] In the present invention, energy which is trans-
ferred from the host material to the second dopant may be
transferred to the singlet lowest excitation level Sp,_, of the
second dopant, although it is preferable to transfer to the
triplet lowest excitation level Ty, ; of the second dopant.

[0034] 1In such a case, the magnitude correlation between
the host material’s triplet lowest excitation level T, and the
second dopant’s triplet lowest excitation level Tp, | is
preferably as follows.

[0035] That is, the magnitude correlation is preferably
Tu>Tpo
[0036] Inaddition, the magnitude correlation is preferably

Sp2.1>Te1>Tpoy-

[0037] From the above, the magnitude correlation between
the first dopant’s triplet lowest excitation level Ty, _, and the
host material’s triplet lowest excitation level Ty, and
between the host material’s triplet lowest excitation level
T,, and the second dopant’s triplet lowest excitation level
T,,, is preferably as follows.

[0038] That is, the magnitude correlation is preferably
Tp1> T > Tpou-

[0039] In addition, the magnitude correlation between the
host material’s singlet lowest excitation state Sy;; and the
second dopant’s singlet lowest excitation state Sp, ; 1S
preferably as follows.

[0040] That is, the magnitude correlation is preferably
S1>Spay

[0041] From the above, the magnitude correlation between
the host material’s singlet lowest excitation state S;;; and the
first dopant’s singlet lowest excitation state Sy, ;, and
between the host material’s singlet lowest excitation state
S_and the second dopant’s singlet lowest excitation state
S, is preferably as follows.
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[0042] That is, the magnitude correlation is preferably
Su1>Sp1.1>Spa.-

[0043] In the organic EL device according to the present
invention, a difference between the host material’s singlet
lowest excitation level Sy, and the first dopant’s singlet
lowest excitation level S, _; is preferably 0.7 eV or less. If
the difference between the excitation levels is large, it is
thought that the transfer from the host material’s singlet
lowest excitation level Sy, to the first dopant’s singlet
lowest excitation level Sy, | does not easily occur. For the
same reason, the difference between the first dopant triplet
lowest excitation level T, ; and the host material’s triplet
lowest excitation level Ty, is preferably 0.4 eV or less.

[0044] The measurement methods for each of the singlet
lowest excitation state and triplet lowest excitation state of
the host material, the first dopant and the second dopant can
be carried out as conducted in the below-described
Examples.

[0045] In the organic EL device according to the present
invention, it is preferable that the overlap between the
emission spectrum of the host material and the absorption
spectrum of the second dopant is large. This is because that
the second dopant can absorb the excited energy from the
host material without any loss, whereby the second dopant
can efliciently emit light. For the same reason, it is prefer-
able that the overlap between the emission spectrum of the
first dopant and the absorption spectrum of the host material
is large.

[0046] In the organic EL device according to the present
invention, the host material is preferably a linear aromatic
compound having a plurality of conjugated rings bound
thereto. More preferable is a linear aromatic compound
which does not have an aromatic substituent in the side
direction with respect to the molecular long axis. The
molecules of a compound which does not have an aromatic
substituent in the side direction are more easily tightly
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stacked with one another. This allows carrier transfer to
occur more easily, whereby the driving current can be
reduced. By keeping the driving current low, device lifetime
can also be improved. In addition, it is also thought that if
the atoms constituting the host molecule only consist of
hydrogen atoms and oxygen atoms, device lifetime can be
improved. Of course, hetero atoms (nitrogen etc.) can also
be contained in the molecule. From the point of maintaining
high purity, the host material is preferably a compound
composed of a few hundred monomers or less, and more
preferably a compound composed of a few monomers, rather
than a polymer.

[0047] Here, the linear aromatic compound which does
not have “an aromatic substituent in the side direction” or
“an aromatic side substituent” means a compound which
does not have aromatic substituents in the direction different
to the molecule long axis direction, for example, a com-
pound which does not have a fused ring structure such as a
carbazole ring or an anthracene ring in the direction different
to the molecule long axis direction. Examples include,
fluorene polymers, such as Compounds 1 to 4 as shown
below, which do not have an aromatic substituent on any of
the 1-, 4-, 5- and 8-positions except for the 2- and 7-posi-
tions of the fluorene ring in the longitudinal direction of the
molecule. The term fluorene oligomer is a compound com-
posed of two or more fluorenes bound. Preferably, such a
fluorene polymer is a compound composed of two to five
fluorenes bound. Alternatively, a preferable fluorene poly-
mer is a compound wherein the long axis of the molecule is
constituted from a phenyl ring, fluorene ring, naphthalene
ring or a combination thereof. Use of fluorene makes it
possible to realize excellent amorphous characteristics and a
high glass transition temperature (Tg) of 120° C. or more.

[0048] Specific examples of the host material which can

be employed in the present invention are illustrated below.
However, the present invention is not limited to these
examples.

Compound 1

Compound 2

Compound 3
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-continued

Compound 4

[0049] The first dopant is preferably a phosphorescent
material in order to conduct intersystem crossing. The
second dopant as a main light-emitting material, is a phos-
phorescent material. Although the phosphorescent materials
which can be used as the first and second dopants are not
particularly restricted, metal coordination compounds can be
preferably selected. Specific examples of such a metal
coordination compound include a metal coordination com-
pound having ligands bound to a central metal such as
platinum, copper, rhenium, iridium or similar metal. A metal
coordination compound having iridium as the central metal
is especially preferable. In addition, use of a metal coordi-
nation compound in which the ligand main skeleton is
phenylisoquinoline or phenylquinoline as the second dopant
is preferable for realizing red light emission and also in
terms of triplet energy transfer.

[0050] Tt is also preferable to use metal coordination
compounds as the first dopant and the second dopant, which
have a similar structure to each other. The similar structure
means a structure in which the central metals or the ligand
structures are the same. Further, the phosphorescence life-
time of at least the second dopant, which is the main
light-emitting material, is preferably short, at 1.6 us or less.
This is because it is thought that if the phosphorescence
lifetime is long, efficiency tends to decrease due to the
triplet-triplet annihilation

[0051] Only two kinds of dopant are not necessarily used
in the light-emitting layer, wherein another dopant may be
contained. If another dopant is present, this is acceptable as
long as energy transfer is carried out efficiently by the two
kinds of dopant and the dopant having the lower triplet
excitation level emits light.

[0052] Each concentration of the first dopant and second
dopant is not especially restricted. However, the concentra-
tion of the first dopant is preferably from 0.1 weight % or
more to 40 weight % or less, and the concentration of the
second dopant is preferably from 0.1 weight % or more to
20 weight % or less, provided that, as stated above, the sum
of the first dopant concentration and the second dopant
concentration is preferably 40% or less. Here,. the concen-
tration means the ratio of the dopant contained in the

light-emitting layer with respect to the total components of
the light-emitting layer as the denominator.

[0053] Specific examples of dopants which can be used in
the present invention are shown below. Although red light-
emitting dopants are particularly shown, the present inven-
tion 1s not limited to these examples.

Ir(bg)s
g
—
asae
CH)
Ir(piq)3
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-continued -continued
T+(@F5mpiq); r(Cepias
Ir(ppy)s
Ir(4CF3piq)3
Ir(4mopiq)z
Ir(popiq)s
Ir(dba)s
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-continued
Ir(4Fppy)s
F
Ir(5CF3ppy)s
FsC
\
N“*I/ CF
\ 7 \ :
N=—
F;C
In(p-4CF3-py)3
F,C \ / CF;

In(Cgpiq)s
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-continued

Ir(Copiq)s

In(5Fpiq);

Ir(5ppiq)3
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-continued -continued

Ir(Flig)s

Ir{4Fp4Fiq);

I+(4CF3p5Fiq)

Ir(4Fp5Fiq)s

Ir(4F5Mp5Fiq)s In(p5Fiq)s
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-continued

Ir(Cyp5Fiq)s

[r(4mpiq);

Ir(Flpy)s
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-continued

Ir(@F5mp4Fiq);

[0054] Among the above compounds, examples of the first
dopant include Ir(ppy)s, Ir(bq)s, Ir(Flpy); and the like, and
examples of the second dopant include Ir(4mopiq),,
Ir(4CF4piq)s, Ir(4mpiq)s. Ir(piq); and the like.

[0055] As shown in FIGS. 1A and 1B, the organic layer
in the organic EL device according to the present invention
can be, for example, a three-layer or four-layer structure.
FIGS. 1A and 1B are schematically cross-sectional views of
the light-emitting luminescent device according to the
present invention. In FIGS. 1A and 1B, reference numeral
1 denotes a metal electrode, reference numeral 2 denotes an
electron-transporting layer, reference numeral 3 denotes a
light-emitting layer, reference numeral 4 denotes a hole-
transporting layer, reference numeral 5 denotes a transparent
electrode, reference numeral 6 denotes a transparent sub-
strate and reference numeral 7 denotes an exciton diffusion
blocking layer.

[0056] At least one of the electrodes is preferably trans-
parent. The electrodes can be selected as appropriate in
consideration of electron injection characteristics and hole
injection characteristics. The materials of a transparent elec-
trode include ITO and 1Z0. Other materials of the electrodes
which can be used include a metal such as aluminum, gold,
platinum, chromium, copper, and an alloy containing at least
one of such metals.

[0057] Ifnecessary, the organic EL device according to the
present invention is also preferably designed to be isolated
from oxygen and moisture. The device of the present inven-
tion can be sealed with, for example, a sealing can or a
sealing film which contains at least one of an organic
substance and an inorganic substance.

[0058] The organic EL device according to the present
invention is especially preferably used as a red light emis-
sion device. The organic EL device according to the present
invention can also be used as a green or blue light-emitting
device, and even used as a white light-emitting device.

[0059] The organic EL device according to the present
invention can be used in a display apparatus such as a
display. The organic EL device according to the present
invention can be used for, for example, the pixel portion or
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subpixel portion of a display. The display as used here means
a display apparatus which is mounted on a television,
computer, digital camera, camcorder or the like, or a display
apparatus mounted on a vehicle. The present light-emitting
device can also be used as an illuminant, as the display in an
electrophotographic system image forming apparatus, or as
the exposure source in a photosensitive member.

[0060] The organic EL device according to the present
invention can be used singly or used in plural. When there
are a plurality of organic EL devices, light can be emitted by,
for example, passive driving or active matrix driving. In
addition, when there are a plurality of organic EL devices,
the respective devices may be monochromic or heterochro-
mic. When the organic EL devices are heterochromic, full-
color light emission can be achieved. The organic EL device
according to the present invention may be a device, which
emits out light from a substrate side, having a so-called
bottom emission structure, or a device, which emits light
from the side opposite to the substrate, having a so-called
top emission structure.

EXAMPLE 1

[0061] In the present Example, an organic EL device
having three organic layers as shown in FIG. 1A was
fabricated as the device structure.

[0062] On a glass substrate serving as the transparent
substrate 6, ITO having a thickness of 100 nm was patterned
to form a plurality of transparent electrodes 5 each having an
electrode surface area of 3 mm®. On the obtained ITO
substrate, organic layers and electrode layers as described
below were then continuously grown by vacuum deposition
utilizing resistance heating under 10~ Pa in a vacuum
chamber. The lowest excitation levels of the host material
and respective dopants are shown in Table 1. The lowest

/\

excitation level of the host material and respective dopants
shown in Table 1 were measured using the following
method.

[0063] A host 100% film and a dopant 100% film were
formed on a quartz substrate, and then using a spectropho-
tometer (manufactured by Hitachi High-Technologies Cor-
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poration), emission peak energy was measured during exci-
tation using a xenon lamp. At this time, peak energy having
a delayed emission component of 2 ms or more was taken to
be a triplet lowest excitation level, and peak energy having
a fast emission component of 2 ms or less was taken to be
a singlet lowest excitation level.

[0064] However, among the host materials, Compound 1
and Compound 3, in which phosphorescence was not easily
observed, were made to contain about 20% of Ir(ppy); to
boost phosphorescence, whereby phosphorescence of the
host material was caused by intersystem crossing. At this
time, the host material and Ir(ppy); was cooled to the
temperature of liquid nitrogen, wherein the delayed emis-
sion component was measured and taken to be the triplet
lowest excitation level.

[0065] The singlet lowest excitation level of the iridium
complex as the dopant was not measured using a spectro-
photometer, but was calculated from the wave form of the
lowest peak or shoulder having a molar extinction coefi-
cient having approximately 2,000 M~ em™ or more from
light absorption measurement.

[0066]
[0067]

Hole-transporting layer 4 (20 nm): FL0O3
Light-emitting layer 3 (50 nm): [host material]

[0068] Compound 1, [first dopant (concentration: 16 wt
%]

[0069] Ir(ppy)s, [second dopant (concentration: 4 wt %]
Ir(4mopiq),

[0070] Electron-transporting layer 2 (30 nm): Bphen
[0071] Metal electrode layer 1 (1 nm): KF
[0072] Metal electrode layer 1 (100 nm): Al
FLO3
H3C CH;
Bphen

[0073] The obtained EL device were measured with
respect to efficiency (cd/A at 600 cd/M?), chromaticity (x, y)
(measured using a BM-7 manufactured by Topcon Corpo-
ration), Vth (voltage when a current density of 0.1 mA/cm®
flows), 2and luminance half hour (hr) when driven at 100
mA/em The results are shown in Table 2.
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EXAMPLES 2 TO 4 AND COMPARATIVE
EXAMPLES 1 TO 3

[0074] Organic EL devices were fabricated in the same
manner as in Example 1, except that the host material and
dopants in the light-emitting layer were changed to those
shown in Table 1. The obtained devices were evaluated in
the same manner as in Example 1. The results are shown in
Table 2.

[0079] Regarding the evaluation of Vth, since a lower
current driving is preferable, “0” was given for the Vth of 3
V or less.

[0080] Regarding the evaluation of the luminance half
hour (device lifetime), “0” was given for the luminance half
hour of less than 100 hours, and “x” was given for the
luminance half hour of 100 hours or more.

TABLE 1
First dopant Second Dopant
Host Material Cocentration Concentration
Compound Ty /Sy, (eV) Compound Tyi-1/8411(V) (wt %;  Compound T /Sep1(8V) (wt %)
Example 1  Compound 1 2.16/2.98  Ir(ppy)s 2.43/2.58 16 Ir{4mopiq); 2.03/2.25 4
Comparative Compound 1 2.16/298 — — — Ir{4mopiq); 2.03/2.25 4
Example 1
Example 2 Compound 1 2.16/2.98  Ir(ppy)a 2.43/2.58 16 Ir(piq)s 2.0012.17 4
Comparative Compound 1 2.16/298 — — — Ir(piq)s 2.0012.17 4
Example 2
Example 3 Compound 1 2.16/2.98 Ir(Flpy), 2.28/2.37 16 Ir{4mopiq); 2.03/2.25 4
Example 4  Compound 3 2.25/3.18  Ir(ppy)s 2.43/2.58 16 Ir{4mopiq); 2.03/2.25 4
Comparative CBP 2.67/3.40  Ir(ppy)s 2.43/2.58 16 Ir{(4mopiq); 2.03/2.25 4
Example 3
[0075]
TABLE 2
Efficiency Chromaticity Vth Luminance half hour
c¢d/A Evaluation (x,y) Evaluation V  Evaluation  hr Evaluation
Example 1 16.5 o 0.66, 0.34 6 2.82 o 150 o
Comparative  10.0 o 0.64, 0.34 X 2.82 60 X
Example 1
Example 2 8.0 o 0.68, 0.32 6 2.90 o 720 o
Comparative 6.2 X 0.68, 0.32 6 2.95 o 800 o
Example 2
Example 3 13.6 o 0.65,0.34 6 2.85 5} 100 o
Example 4 16.7 5} 0.65,0.35 S 2.96 o 180 o
Comparative  21.1 o 0.57,0.41 X 3.24 X 700 o
Example 3
[0076] In the “Evaluation” column of Table 2, the refer- [0081] Comparing Example 1 and Comparative Example

ence character “0” means “most preferable” in terms of
practical use, and the reference character “o0” is better in
evaluation than the reference character “x”. The reference
character x means “practically unsuitable” because of not
satisfying the efficiency, chromaticity, driving voltage and
lifetime necessary for the organic EL device.

[0077] As the evaluation of the efficiency of the device in
Table 2, when taking the efficiency of the device of Com-
parative Example 1, which is not doped with the first dopant
as a reference, i.e. which is doped with only Ir(4mopiq)s, “0”
was given for the efficiency of 10 cd/A or more. However,
concerning Example 2 and Comparative example 2 in which
the second dopant was Ir(piq);, “0” was given for the
efficiency of the device higher than that of the device doped
with only the second dopant of Ir(piq),.

[0078] Regarding the evaluation of chromaticity in Table
2, from the NTSC red standard, “0” was given for the
chromaticity of x=0.65 or more and y=0.35 or more.

1, the device of Example 1 which was doped with the first
dopant Ir(ppy), was improved in luminance efficiency, cro-
macity and device lifetime. That is, by doping with a dopant
satisfying the relationship of T4, ;>Ty;,>Tys.;, €nergy trans-
fer was carried out efficiently, whereby initial characteristics
and device lifetime were improved. This was the same for
the results of Example 2 and Comparative Example 2,
whereby it was found that a dopant satisfying the relation-
ship of Ty, ;>T5,>T 4, , improved all characteristics (effi-
ciency, chromaticity, Vth and lifetime) regardless of the
material of the second dopant.

[0082] Comparing Example 1 and Comparative Example
3, although efficiency was very high in the device of
Comparative Example 3 in which CBP was used as the host
material, Ir(ppy), emitted green light. In contrast, the device
of Example 1 using Compound 1, in which light emission
was relied on only Ir(4mopiq);. was improved in chroma-
ticity. Furthermore, threshold voltage Vth lowered. This
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improvement is thought to be due to the use of a linear
aromatic compound that did not have aromatic side sub-
stituents as the host material, whereby the HOMO and
LUMO of the host material were closer to the dopant of Ir
complex, thereby increasing mobility. Since a similar
decrease in threshold voltage could also be seen from the
results of Example 3, it was found that linear aromatic
compounds without aromatic side substituents cause thresh-
old voltage to drop.

[0083] Inaddition, from Example 3 it was found that when
the relationship of Ty, >Ty;,>T 4, was satisfied, efficiency,
chromaticity, Vth and device lifetime were improved regard-
less of the first dopant material.

[0084] Comparing the devices of Examples 1 to 4 which
contained a first dopant having a triplet lowest excitation
level higher than Ty, with the device of Comparative
Example 3 which contained a first dopant having a triplet
lowest excitation level lower than Ty, it was found that the
chromaticity and Vth of each device of Examples 1 to 4 were
improved, and that all characteristics (efficiency, chromatic-
ity, Vth and lifetime) of the devices of Examples 1 to 4 were
evaluated as “0”.

[0085] From this, it can be seen that when the relationship
Ty >T>Tys, is satisfied, energy transfer from the first
dopant can be efliciently carried out, whereby device life-
time and driving voltage improve without any change in
chromaticity.

[0086] This application claims priority from Japanese
Patent Application Nos. 2004-283239 filed Sep. 29, 2004
and 2005-261940 filed Sep. 9, 2005, which are hereby
incorporated by reference herein.

What is claimed is:
1. An organic electroluminescent device comprising:

a pair of electrodes, and an organic layer disposed
between the pair of electrodes, the organic layer having
at least a light-emitting layer,

wherein the light-emitting layer comprises a host material
and dopants containing at least a first dopant and a
second dopant, and

wherein a triplet lowest excitation level of the first dopant
is higher than a triplet lowest excitation level of the host
material, and a triplet lowest excitation level of the
second dopant is lower than the triplet lowest excitation
level of the host material.

2. The organic electroluminescent device according to
claim 1, wherein a singlet lowest excitation level of the host
material is higher than a singlet lowest excitation level of the
first dopant.

3. The organic electroluminescent device according to
claim 1, wherein the host material is a linear aromatic
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compound with a single molecular weight which does not
have an aromatic side substituent.

4. The organic electroluminescent device according to
claim 1, wherein the host material is a fluorene polymer.

5. The organic electroluminescent device according to
claim 1, wherein the second dopant is a light-emitting
material which emits red light.

6. The organic electroluminescent device according to
claim 1, wherein the second dopant is a light-emitting
material which emits blue light.

7. A display apparatus comprising a plurality of organic
electroluminescent devices according to claim 1.

8. An organic electroluminescent device comprising:

a pair of electrodes, and

an organic layer disposed between the pair of electrodes,
the organic layer having at least a light-emitting layer,

wherein the light-emitting layer comprises a host material
and dopants containing at least a first dopant and a
second dopant, and

wherein the first dopant is a dopant which receives energy
from the host material to cause intersystem crossing
from a singlet lowest excitation state to a triplet lowest
excitation state, whereby energy is supplied from the
first dopant to the second dopant via the host material,
and

wherein the second dopant is a phosphorescent material.

9. The organic electroluminescent device according to
claim 8,, wherein a singlet lowest excitation level of the host
material is higher than a singlet lowest excitation level of the
first dopant.

10. The organic electroluminescent device according to
claim 9, wherein a triplet lowest excitation level of the first
dopant is higher than a triplet lowest excitation level of the
host material, and a triplet lowest excitation level of the
second dopant is lower than a triplet lowest excitation level
of the host material.

11. The organic electroluminescent device according to
claim 8, wherein the host material is a linear aromatic
compound with a single molecular weight which does not
have an aromatic side substituent.

12. The organic electroluminescent device according to
claim 8, wherein the host material is a fluorene polymer.

13. The organic electroluminescent device according to
claim 8, wherein the second dopant is a light-emitting
material which emits red light.

14. The organic electroluminescent device according to
claim 8, wherein the second dopant is a light-emitting
material which emits blue light.

15. A display apparatus comprising a plurality of organic
electroluminescent devices according to claim 8.
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