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Description

[0001] The present invention relates to an organic electroluminescent device (organic EL device) and a display ap-
paratus, more specifically, to an organic EL device utilizing excited triplet states of a host molecule and a display apparatus
using thereof.

[0002] An organic EL device has features including, self-emission, thin and lightweight form, low electric power con-
sumption, possibility for full color and the like. For these features, the organic EL device is recognized by those skilled
in the art as a candidate for coming generation display having a possibility to surpass a liquid crystal display. However,
the organic EL device has a drawback of insufficient emission efficiency, and there is a demand for improvement in
emission efficiency for, in particular, a red-emitting and blue-emitting organic EL device.

[0003] Inorder to realize an organic EL device having high luminance and long life, an approach utilizing excited triplet
states of a host molecule is known. When electrons and holes injected from a pair of electrodes are recombined in a
luminescent layer, the host molecules are electronically excited. At that time, a ratio of generation probability of excited
singlet states and that of excited triplet states is about 1:3. The excited singlet states contribute to emission by luminescent
dye molecules, while the excited triplet states generally do not contribute to emission. However, in the case of using a
type of luminescent dye molecule whose energy levels are highly degenerated such as a rare earth metal complex and
a linear m-electron conjugated molecule, the dye molecules can emit light through not only energy transfer from the host
molecules in excited singlet states to the dye molecules, but also energy transfer from the host molecules in excited
triplet states to the dye molecules. From this viewpoint, an approach is proposed in that rare earth metal complexes are
doped into the host molecules, and the energy of the host molecules in the excited triplet states is transferred to the rare
earth metal complexes, thereby allowing the rare earth metal ions to emit light (Jpn. Pat. Appln. KOKAI Publication No.
8-319482 and US 5 756 224).

[0004] However, conventional host molecules known in the art have significantly lower energy levels in excited triplet
states than those in excited singlet states. Therefore, if a luminescent dye molecule is selected so that energy transfer
from the host molecules in excited triplet states should be made easily, use efficiency of the energy of the host molecules
in excited singlet state will be lowered. As a result, it has been not possible to improve emission efficiency of conventional
organic EL devices.

[0005] As mentioned above, the conventional organic EL devices cannot utilize both the energy of the host molecules
in excited singlet states and the energy of those in excited triplet states in efficient manners, making it impossible to
allow the luminescent dye molecules to emit light efficiently.

[0006] An object of the present invention is to provide an organic EL device showing high efficiency and long life that
can utilize the energies of host molecules both in excited singlet states and in excited triplet states, and a display
apparatus employing the organic EL device.

[0007] In afirst aspect, the present invention provides an organic electroluminescent device, comprising:

an anode; a cathode; and a polymer luminescent layer disposed between the anode and the cathode, and comprising
a host molecule and a luminescent dye molecule, the host molecule being formed of a n-electron conjugated polymer
having carbon-fluorine bond, the luminescent dye molecule being capable of receiving energy from the host molecule
both in an excited singlet state and in an excited triplet state.

[0008] At least one type of luminescent dye molecule may be selected from the group consisting of a transition metal
complex and a linear n-electron conjugated molecule.

[0009] In a second aspect, the present invention provides a display apparatus comprising, pixels arranged in a two-
dimensional array, each pixel including multiple types of organic electroluminescent devices different in emission color,
each organic electroluminescent device comprising an anode, a cathode, and a polymer luminescent layer disposed
between the anode and the cathode; wherein the polymer luminescent layer of at least one type of organic EL device
comprises a host molecule and a luminescent dye molecule, the host molecule being formed of a n-electron conjugated
polymer having a carbon-fluorine bond, at least one type of luminescent dye molecule being selected from the group
consisting of a transition metal complex and a linear n-electron conjugated molecule.

[0010] This summary of the invention does not necessarily describe all necessary features so that the invention may
also be a sub-combination of these described features.

[0011] The invention can be more fully under stood from the following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a schematic cross sectional view showing an organic EL device according to one embodiment of the
present invention;

FIG. 2 is a diagram for explaining an emission mechanism of a luminescent dye molecule; and

FIG. 3 is a cross sectional view showing a display apparatus according to one embodiment of the present invention.
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[0012] FIG. 1 shows an organic EL device according to one embodiment of the present invention. The organic EL
device 7 shown in FIG. 1 is formed on a surface of the substrate 1. The organic EL device 7 has a structure that the
anode 2, the hole transport layer 3, the polymer luminescent layer 4 containing host molecules doped with luminescent
dye molecules, the electron transport layer or buffer layer 5, and the cathode 6 are laminated in this order onto the
substrate 1.

[0013] Referring to FIG. 2, an emission mechanism by the luminescent dye molecules is schematically shown. Holes
supplied from the anode 2 reach via the hole transport layer 3 to the polymer luminescent layer 4, while electrons supplied
from the cathode 6 reach via the electron transport layer or buffer layer 5 to the polymer luminescent layer 4. As a result,
the holes and electrons are recombined in the polymer luminescent layer 4 by which the host molecules in the polymer
luminescent layer 4 are excited. The excited host molecules have two types of energy states, i.e., singlet states and
triplet states.

[0014] InFIG. 2, S, represents the energy level of the ground state, S, represents that of the excited singlet state,
and T, represents that of the excited triplet state. Employed is a luminescent dye molecule, whose energy levels are
degenerated, having multiple energy levels E; in a narrow region in the excited state and having multiple energy levels
E, in a narrow region even in the ground state. Such luminescent dye molecule can efficiently receive energies from
other molecules at various energy levels.

[0015] As mentioned previously, since conventional host molecules known in the art show significantly a low energy
level of an excited triplet state in comparison with that of an excited singlet states, they cannot utilize efficiently the
energies of the host molecule both in the excited singlet state and in the excited triplet state. On the other hand, if a host
molecule is used that shows a small difference A between the energy level S, of the excited singlet state and the energy
level T, of the excited triplet state, as shown in FIG. 2, it is expected that energy transfer from the host molecule to the
luminescent dye molecule will be made efficiently as a whole.

[0016] The host molecule employed in the embodiments of the present invention is a n-electron conjugated polymer
having a carbon-fluorine bond. The present inventor has found that when a part of hydrogen atoms bonded to carbon
atoms constituting the n-electron conjugated system of the polymer is substituted by fluorine, the difference A between
the energy level in the excited singlet state and the energy level in excited triplet state of the polymer may be decreased.
Namely, when a carbon-fluorine bond is introduced to the polymer constituting a n-electron conjugated system, the
excited singlet state is relatively more stabilized than the excited triplet state, and therefore the difference A becomes
small. If the carbon atom substituted by a fluorine atom is a carbon atom in a conjugated system or a carbon atom
adjacent to a carbon atom in the conjugated system, the difference A becomes further smaller. In a -electron conjugated
polymer having a phenylene skeleton or a fluorene skeleton, the difference A becomes still further smaller. Therefore,
when such host molecule is used in combination with a luminescent dye molecule whose energy levels are highly
degenerated, the efficiency of energy transfer from the host molecule to the luminescent dye molecule is improved.
[0017] In addition, the infrared absorption of a carbon-fluorine bond is found around 1000 cm-!, smaller than that of
a carbon-hydrogen bond around 3000 cm-1, which means that the carbon-fluorine bond is hard to resonate with a high
electron excitation energy. Accordingly, nonradiative thermal deactivation (return to the ground state from the excited
state with releasing energy as thermal vibration) becomes unlikely to occur. As a consequence, the host molecule in
the excited state transfers energy to the luminescent dye molecule efficiently, and emission efficiency of fluorescence
or phosphorescence when the luminescent dye molecule returns to the ground state is improved.

[0018] A general m-electron conjugated polymer is excellent in hole injection property, while it is inferior in electron
injection property. On the other hand, a w-electron conjugated polymer having a carbon-fluorine bond shows a lower
lowest unoccupied molecular orbital (LUMO), and it becomes of both carrier injection property or electron injection
property, which facilitates recombination between holes and electrons.

[0019] Through these effects, the organic EL device according to the embodiments of the present invention can
improve the emission efficiency, making it possible to lower driving voltage and to attain long service life.

[0020] Hereinafter, materials employed for an organic EL device according to the embodiments of the presentinvention
are explained in detail.

[0021] A luminescent dye molecule employed in the embodiments of the present invention is formed of a material
whose energy levels are highly degenerated, as mentioned previously, and that receives energies efficiently from the
host molecule in an excited singlet state and in an excited triplet state. Such luminescent dye molecule is selected from
the group consisting of a transition metal complex and a linear n-electron conjugated molecule.

[0022] Forexample, acomplex comprising a transition metal having d-electrons such as aniridiumion, as aluminescent
center, has degenerated d-electron orbits. Also, a linear n-electron conjugated molecule has degenerated n-electron
orbits, and shows weak spin-spin interaction because of a long distance between spins due to its linear molecular
structure. In this case, the m-electron conjugated molecule may be an oligomer or a polymer. As the transition metal
complex, a complex whose luminescent center is a rare earth metal having f electrons, for example, europium ion, is
more preferable.

[0023] Specific examples of the luminescent dye molecules are, for examples, those compounds represented by the
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following chemical formula (D1) to (D8).
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[0024] The luminescent dye molecule may substantially determine an emission color of the organic EL device. For
example, when a transition metal complex is used, it is possible to adjust emission wavelength by selecting a transition
metal ion or a ligand appropriately. When a linear n-electron conjugated molecule is used, it is possible to adjust emission
wavelength by selecting the skeleton thereof appropriately.

[0025] The host molecule used in the embodiments of the present invention is formed of a m-electron conjugated
polymer having a carbon-fluorine bond. The n-electron conjugated polymer has a main chain in which double bonds
and single bonds are arranged alternately. The double bond portion may be an aromatic ring or a hetero aromatic ring.
As mentioned previously, it is preferable that the host molecule is formed of a n-electron conjugated polymer in which
a fluorine atom is bonded to a carbon atom in a conjugated system or a carbon adjacent to a carbon in a conjugated
system. In addition, it is preferred that the host molecule is formed of a n-electron conjugated polymer having a phenylene
skeleton or a fluorene skeleton. Since the phenylene skeleton and fluorene skeleton are excellent in stability, and further
enable to widen a band gap, they are preferably employed for a host molecule. The carbon atom linking the benzene
rings in the fluorene skeleton functions to provide a planar configuration for the fluorene skeleton, and it is assumed to
be a carbon atom included in the n-electron conjugated system.

[0026] Specific examples of host molecules are, for example, those compounds represented by the following chemical
formula (H1) to (H11). However, it is not limited to these compounds, provided that the conditions mentioned above are
satisfied.
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[0027] Whether or not energy transfer occurs from a host molecule in excited triplet state to a luminescent dye molecule

may be confirmed by the following measurements. For example, if phosphorescence spectrum of the host molecule only
overlaps the absorption spectrum of the luminescent dye molecule, then it is known that energy transfer occurs. When
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the life of the host molecule in an excited triplet state measured by electron spin resonance spectrum or time-resolved
phosphorescence spectrum is made shorter when the luminescent dye molecule is added to the host molecule than
when the luminescent dye molecule is not added, then it is directly known that energy transfer is taking place.

[0028] The polymerluminescent layer of the organic EL device according to the embodiments of the present invention
comprises the host molecule and the luminescent dye molecule as mentioned above. It is preferable that the amount of
the luminescent dye molecule to be doped in the host molecule is about 0.01 wt% to 5 wt% to the host molecule. When
the amount of the luminescent dye molecule exceeds 5 wt%, itis likely to cause problems such as concentration quenching
and inhomogeneity in the polymer luminescent layer. When the amount of the luminescent dye molecule is less than
0.01 wt%, luminance of the polymer luminescent layer is lowered.

[0029] Itis preferable thatthe thickness of the polymer luminescent layer is set to about 5 nm to 200 nm. If the thickness
of the polymer luminescent layer exceeds 200 nm, driving voltage must be increased, and injected electrons or holes
may be deactivated to lower recombination probability, resulting in degraded emission efficiency of the polymer lumi-
nescent layer. If the thickness of the polymer luminescent layer is less than 5 nm, it is difficult to form an even film, and
it is afraid that emission characteristics may be uneven for each device. However, in the case where materials included
in the polymer luminescent layer have also charge transport property or electron transport property, since deactivation
of electrons or holes in the polymer luminescent layer is reduced, it is possible to make the thickness of the layer relatively
thick. In this case, it is preferable that the thickness of the polymer luminescent layer is set to about 30 nm to 500 nm.

[0030] Inthe organic EL device according to the embodiments of the present invention, it is not necessarily required
to provide an electron transport layer or a hole transport layer. For example, in the case where materials included in the
polymer luminescent layer have also electron transport property or hole transport property as mentioned above, there
is no need to form an electron transport layer or a hole transport layer.

[0031] Anelectrontransportlayerhas afunction to transport electrons supplied from a cathode to a polymer luminescent
layer without deactivation, and so-called n-type semiconductor material is employed for the layer. A hole transport layer
has a function to transport holes supplied from an anode to a polymer luminescent layer without deactivation, and so-
called p-type semiconductor material is employed for the layer.

[0032] Specific examples of materials employed for the hole transport layer are represented by the following chemical
formula (A1) to (A21). Specific examples of materials employed for the electron transport layer are represented by the
following chemical formula (B1) to (B10).

Q
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Zn (BOX) , Zn (BTZ) , (B8)
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[0033] Itis preferred that the thickness of the electron transport layer or hole transport layer is set to about 30 nm to
200 nm. If the thickness is less than 30 nm, it is afraid that the functions mentioned above may not work sufficiently. If
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the thickness exceeds 200 nm, deactivation of electrons in an electron transport layer or deactivation of holes in a hole
transport layer is increased, and it is afraid that emission efficiency of the luminescent layer may be lowered.

[0034] Although not illustrated in FIG. 1, if desired, a hole injection layer may be provided adjacent to the anode, and
an electron injection layer may be provided adjacent to the cathode.

[0035] The hole injection layer functions as a buffer layer between the anode and the hole transport layer or between
the anode and the polymer luminescent layer. By using materials having an intermediate energy level for the hole injection
layer, it is possible to facilitate hole injection from the anode to the polymer luminescent layer. The hole injection layer
may prevent electrons supplied from the cathode to the polymer luminescent layer from passing the polymer luminescent
layer to reach the anode. Therefore, by forming the hole injection layer, recombination probability in the polymer lumi-
nescent layer is improved, leading to improved emission efficiency.

[0036] The electron injection layer functions as a buffer layer between the cathode and the electron transport layer or
between the cathode and the polymer luminescent layer. By using materials having an intermediate energy level for the
electron injection layer, it is possible to facilitate electron injection from the cathode to the polymer luminescent layer.
The electron injection layer may prevent holes supplied from the anode to the polymer luminescent layer from passing
the polymer luminescent layer to reach the cathode. Therefore, by forming the electron injection layer, recombination
probability in the polymer luminescent layer is improved, leading to improved emission efficiency.

[0037] The anode and the cathode are made of conductive materials. The electrode disposed on the emission side
of the anode and the cathode, employs transparent conductive oxide such as ITO or the like. Although the material for
a substrate is not particularly limited, a transparent substrate made of glass and the like is employed in the case where
the substrate side is used as emission surface.

[0038] The organic EL device according to the embodiments of the present invention may have a structure in which
the respective layers mentioned above are stacked on the substrate in the reverse order to that shown in FIG. 1. The
surface of the organic EL device may be covered with a sealing film made of insulator, so as to improve the strength
and water resistance of the device. In the case of forming a sealing film onto the emission surface of the device, also a
transparent material is used for the sealing film.

[0039] Next, a display apparatus according to one embodiment of the present invention is described hereinafter. FIG.
3 is a schematic cross sectional view showing an example of a display apparatus according to the embodiment of the
present invention. The partition wall 34 made of an insulator is formed on a surface of the insulating transparent substrate
31 made of glass or the like. Three types of organic EL devices different in emission color are formed in respective cells
separated by the partition wall 34. Namely, three organic EL devices in which the anode 33 made of a transparent
conductive oxide such as ITO, the hole transport layer 35, the polymer luminescent layer having electron transport
property 36, 37 or 38, the cathode 39 made of a reflective metal are formed in this order on the surface of the substrate
31, which organic EL devices are separated by the partition wall 34. The polymer luminescent layer 36(R) includes a
red-emitting luminescent dye molecule, the polymer luminescent layer 37(G) includes a green-emitting luminescent dye
molecule, and the polymer luminescent layer 38(B) includes a blue-emitting luminescent dye molecule, respectively.
Each organic EL device is connected to a transistor 32. Further, a sealing film 40 is formed on the top of these organic
EL devices.

[0040] These three organic EL devices form a pixel. When voltage is applied between an anode and a cathode of a
desired organic EL device selected by the transistor 32, emission of a desired color is emitted from the polymer lumi-
nescent layer 36, 37 or 38. The emission can be observed on the side of the transparent substrate 1. By arranging pixels
as shown in FIG. 3 in a two-dimensional array, it is possible to fabricate a display apparatus.

[0041] Note that, in the display apparatus according to the present embodiment, there is no need for all of the three
organic EL devices forming the pixel to have a polymer luminescent layer comprising a host molecule formed of a n-
electron conjugated polymer having a carbon-fluorine bond and a luminescent dye molecule selected from the group
consisting of a transition metal complex and a linear n-electron conjugated molecule. For example, conventional red-
emitting and blue-emitting organic EL devices have lower luminance in comparison with a green-emitting organic EL
device. Therefore, only for the red-emitting and blue-emitting organic EL devices, the polymer luminescent layer com-
prising a host molecule formed of a n-electron conjugated polymer having a carbon-fluorine bond and a luminescent
dye molecule selected from the group consisting of a transition metal complex and a linear n-electron conjugated molecule
may be employed, and a conventional organic EL device may be employed for the green-emitting organic EL device.
[0042] In the above description, the method wherein electron and hole are recombined in polymer luminescent layer
and thereby the host molecule is excited has been explained, but the present invention is not limited to this method. For
example, by radiating excited light to the host molecule and exciting it, it is also available to make the polymer luminescent
layer emit.

11
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EXAMPLES
Example 1

[0043] A glass substrate on which an ITO layer is formed as an anode is subjected to ultraviolet and ozone cleaning.
Then, a hole transport layer made of the compound shown in the above-mentioned chemical formula (A21) having a
thickness of about 30 nm is formed on the surface of the anode by spin coating.

[0044] A host molecule formed of n-electron conjugated polymer shown in the chemical formula (H9) doped with 0.5
wt% of a luminescent dye molecule formed of an europium complex shown in the chemical formula (D4) is prepared.
The material is applied to the surface of the hole transport layer by spin coating to form a polymer luminescent layer
having a thickness of about 100 nm.

[0045] Further, a barium (Ba) layer as a cathode to having a thickness of about 200 nm is formed on the surface of
the polymer luminescent layer to fabricate an organic EL device. The obtained organic EL device is airtight packaged
in a dry glove box.

[0046] Emission characteristics of the organic EL device are examined with driving the device under the conditions
of 13V of bias voltage and 20 mA/cm? of current density. The organic EL device shows red emission with luminance of
600 cd/m2. When the organic EL device is driven continuously under the same conditions as above to measure luminance
half-life, it is found to be 11,000 hours. The life of the excited triplet state of the host molecule measured from electron
spin resonance spectrum is 50 p.s.

[0047] On the other hand, the life of the excited triplet state of the host molecule under absence of the luminescent
dye molecule measured from time-resolved phosphorescence spectrum is 1 ms.

[0048] Namely, it has been confirmed that, in the organic EL device of the present embodiment, the life of the excited
triplet state of the host molecule is shortened, which shows the energy of the host molecule in the excited triplet state
transfers to the luminescent dye molecule.

Comparative Example 1

[0049] Anorganic EL device is fabricated in the same manners as in the Example 1 except that a n-electron conjugated
polymer not having a carbon-fluorine bond shown in the following chemical formula (H12) is used as a host molecule in
place of the polymer shown in the chemical formula (H9), and further the organic EL device is airtight packaged in a dry
glove box.

[0050] Emission characteristics of the organic EL device are examined with driving the device under the conditions
of 15V of bias voltage and 20 mA/cm? of current density. The organic EL device shows red emission with luminance of
450 cd/m2. The device of the Comparative Example 1 shows lower luminance compared with that in Example 1, even
though the driving voltage is increased.

[0051] From the results of the Example 1 and the Comparative Example 1, itis understood that emission characteristics
are improved by substituting a part of hydrogen atoms in a host molecule with fluorine atoms.

Comparative Example 2

[0052] An organic EL device is fabricated in the same manners as in the Example 1 except that a compound shown
in the following chemical formula (D9) is used as a luminescent dye molecule in place of the compound shown in the
chemical formula (D4), and further the organic EL device is airtight packaged in a dry glove box. The compound of the
chemical formula (D9) does not receive energy from the host molecule in an excited triplet state, but receives energy
from the host molecule in an excited singlet state and shows red emission.

[0053] Emission characteristics of the organic EL device are examined with driving the device under the conditions
of 16V of bias voltage and 20 mA/cm? of current density. The organic EL device shows red emission with luminance of
300 cd/m2. The device of the Comparative Example 2 shows lower luminance compared with that in Example 1, even
though the driving voltage is increased.

12
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Example 2

[0054] An organic EL device is fabricated in the same manners as in the Example 1 except that a polymer shown the
chemical formula (H10) is used as a host molecule, and further the organic EL device is airtight packagedin a dry glove box.
[0055] Emission characteristics of the obtained organic EL device are examined in the same manners as in the Example
1. The organic EL device shows red emission with luminance of 550 cd/m2, and luminance half-life of 11,000 hours.
[0056] Also, in the same manner as in the Example 1, the life of an excited triplet state of the host molecule in this
organic EL device is compared with the life of excited triplet state of the host molecule under absence of the luminescent
dye molecule, and the former is found to be 60 p.s, while the latter is found to be 2 ms.

Example 3

[0057] An organic EL device is fabricated in the same manners as in the Example 1 except that a linear n-electron
conjugated oligomer shown in the chemical formula (D5) is used as a luminescent dye molecule in place of the europium
complex shown in the chemical formula (D4), and further the organic EL device is airtight packaged in a dry glove box.
[0058] Emission characteristics of the organic EL device are examined with driving the device under the conditions
of 14V of bias voltage and 20 mA/cm? of current density. The organic EL device shows red emission with luminance of
500 cd/m?2. The luminance half-life is found to be 12,000 hours.

[0059] Also, in the same manner as in the Example 1, the life of an excited triplet state of the host molecule in this
organic EL device is compared with the life of excited triplet state of the host molecule under absence of the luminescent
dye molecule, and the former is found to be 100 ws, while the latter is found to be 1 ms.

Example 4

[0060] An organic EL device is fabricated in the same manners as in the Example 1 except that a linear n-electron
conjugated oligomer shown in the chemical formula (D6) is used as a luminescent dye molecule in place of the europium
complex shown in the chemical formula (D4), and a polymer shown in the chemical formula (H11) is used as a host
molecule in place of the polymer shown in the chemical formula (H9), and further the organic EL device is airtight
packaged in a dry glove box.

[0061] Emission characteristics of the organic EL device are examined with driving the device under the conditions
of 12V of bias voltage and 20 mA/cm? of current density. The organic EL device shows blue emission with luminance
of 500 cd/m2. The luminance half-life is found to be 12,000 hours.

[0062] Also, in the same manner as in the Example 1, the life of an excited triplet state of the host molecule in this
organic EL device is compared with the life of excited triplet state of the host molecule under absence of the luminescent
dye molecule, and the former is found to be 20 s, while the latter is found to be 500 p.s.

Example 5

[0063] An organic EL device is fabricated in the same manners as in the Example 1 except that a platinum complex
shown in the chemical formula (D8) is used as a luminescent dye molecule in place of the europium complex shown in
the chemical formula (D4), and further the organic EL device is airtight packaged in a dry glove box.

[0064] Emission characteristics of the organic EL device are examined with driving the device under the conditions
of 12V of bias voltage and 20 mA/cm? of current density. The organic EL device shows red emission with luminance of
700 cd/m?2. The luminance half-life is found to be 11,000 hours.

[0065] Also, in the same manner as in the Example 1, the life of an excited triplet state of the host molecule in this
organic EL device is compared with the life of excited triplet state of the host molecule under absence of the luminescent
dye molecule, and the former is found to be 20 s, while the latter is found to be 100 p.s.
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Example 6

[0066] An organic EL device is fabricated in the same manners as in the Example 1 except that an iridium complex
shown in the chemical formula (D7) is used as a luminescent dye molecule in place of the europium complex shown in
the chemical formula (D4), and further the organic EL device is airtight packaged in a dry glove box.

[0067] Emission characteristics of the organic EL device are examined with driving the device under the conditions
of 12V of bias voltage and 20 mA/cm?2 of current density. The organic EL device shows blue-green emission with
luminance of 700 cd/m2. The luminance half-life is found to be 12,000 hours.

[0068] Also, in the same manner as in the Example 1, the life of an excited triplet state of the host molecule in this
organic EL device is compared with the life of excited triplet state of the host molecule under absence of the luminescent
dye molecule, and the former is found to be 1 us, while the latter is found to be 5 ps.

Example 7

[0069] A display apparatus of 2.5-inch square is fabricated by use of the following materials. In this case, each pixel
is structured so as to include three organic EL devices as shown in FIG. 3, and the size of one pixel is made so as to
be 100-pm square.

[0070] A glass substrate is employed as the substrate 31, and the partition wall 34 in a lattice shape is formed by
photo resist process. The anode 33 is formed of indium tin oxide (ITO) as a transparent conductive material with a
thickness of about 50 nm. The hole transport layer 35 is formed of a PEDOT-PSS complex shown in the following
chemical formula (A22) with a thickness of about 20 nm by dipping method.

[0071] Different materials are used respectively for the polymer luminescent layer in three devices constituting a pixel.
The red-emitting polymer luminescent layer 36 uses a material comprising the host molecule shown in the chemical
formula (H10) doped with 0.5 wt% of the luminescent dye molecule shown in the chemical formula (D4). The green-
emitting polymer luminescent layer 37 uses a material comprising the host molecule shown in the chemical formula
(H10) doped with 0.5 wt% of the luminescent dye molecule shown in the chemical formula (D10). The blue-emitting
polymer luminescent layer 38 uses a material comprising the host molecule shown in the chemical formula (H9) doped
with 0.5 wt% of the luminescent dye molecule shown in the chemical formula (D6). Each material is dissolved in an
organic solvent, and made into a film by ink jet printing. The formed polymer luminescent layers have almost the same
thickness of about 80 nm.

n
/~ \
g o
[ ) = (A22)
S SO4H
PEDOT PSS
g
49 8s
D10)
N (
o CH,

[0072] The cathode 39 is formed of calcium with a thickness of about 100 nm and silver with a thickness of about 300
nm, which are stacked in this order. Further the sealing film 40 is formed on the top surface of the respective pixels to
package the devices.

[0073] The luminance half-life of the display apparatus measured with driving the apparatus under current density of
20 mA/cm?2 is found to be 15,000 hours.

14



10

15

20

25

30

35

40

45

50

55

EP 1 220 341 B1

Claims

10.

11.

12.

13.

14.

15.

16.

17.

18.

An organic electroluminescent device, comprising: an anode (2); a cathode (6); and a polymer luminescent layer
(4) disposed between the anode (2) and the cathode (6), and comprising a host molecule and a luminescent dye
molecule, characterized in that the host molecule is formed of a w-electron conjugated polymer having carbon-
fluorine bond, and that the luminescent dye molecule is capable of receiving energy from the host molecule both in
an excited singlet state and in an excited triplet state.

An organic electroluminescent device, according to claim 1, wherein at least one type of luminescent dye molecule
is selected from the group consisting of a transition metal complex and a linear nt-electron conjugated molecule.

The device according to claim 2, characterized in that the host molecule is formed of a n-electron conjugated
polymer having a fluorine atom bonded to a carbon atom in a w-electron conjugated system or a carbon atom

adjacent to the carbon atom in the n-electron conjugated system.

The device according to claim 2, characterized in that the host molecule is formed of a n-electron conjugated
polymer comprising a phenylene skeleton or a fluorene skeleton in the polymer main chain.

The device according to claim 2, characterized in that the dye molecule emits phosphorescence.
The device according to claim 2, characterized in that the dye molecule is a rare earth metal complex.

The device according to claim 2, characterized in that the polymer luminescent layer (4) comprises the host
molecule doped with about 0.01 to 5 wt% of the luminescent dye molecule.

The device according to claim 2, characterized in that a hole transport layer (3) is disposed between the anode
(2) and the polymer luminescent layer (4).

The device according to claim 2, characterized in that an electron transport layer (5) or buffer layer is disposed
between the cathode (6) and the polymer luminescent layer (4).

A display apparatus comprising, pixels arranged in a two-dimensional array, each pixel including multiple types of
organic electroluminescent devices different in emission color, each organic electroluminescent device being a
device according to claim 2.

The display apparatus according to claim 10, characterized in that the host molecule is formed of a n-electron
conjugated polymer having a fluorine atom bonded to a carbon atom in a n-electron conjugated system or a carbon

atom adjacent to the carbon atom in the n-electron conjugated system.

The display apparatus according to claim 11, characterized in that the carbon atom in the n-electron conjugated
system has a conjugated carbon atom or is an aromatic carbon atom.

The display apparatus according to claim 10, characterized in that the host molecule is formed of a n-electron
conjugated polymer comprising a phenylene skeleton or a fluorene skeleton in the polymer main chain.

The display apparatus according to claim 10, characterized in that the dye molecule emits phosphorescence.
The display apparatus according to claim 10, characterized in that the dye molecule is a rare earth metal complex.

The display apparatus according to claim 10, characterized in that the polymer luminescent layer (36, 37, 38)
comprises the host molecule doped with about 0.01 to 5 wt% of the luminescent dye molecule.

The display apparatus according to claim 10, characterized in that a hole transport layer (35) is disposed between
the anode (33) and the polymer luminescent layer (36, 37, 38).

The display apparatus according to claim 10, characterized in that an electron transport layer or buffer layer is
disposed between the cathode (39) and the polymer luminescent layer (36, 37, 38).
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The display apparatus according to claim 10, characterized in that the organic electroluminescent device comprising
the polymer luminescent layer comprising a host molecule formed of a n-electron conjugated polymer having a
carbon-fluorine bond and at least one type of luminescent dye molecule selected from the group consisting of a
transition metal complex and a linear n-electron conjugated molecule is at least a blue-emitting organic electrolu-
minescent device.

Patentanspriiche

1.

10.

1.

12,

13.

Organische Elektrolumineszenzvorrichtung, umfassend:

eine Anode (2), eine Kathode (6) und eine polymere Lumineszenzschicht (4), die zwischen der Anode (2) und
der Kathode (6) angeordnet ist und ein Gastmolekil und ein lumineszierendes Farbstoffmolekiil umfasst, da-
durch gekennzeichnet, dass das Gastmolekdl aus einem n-Elektronen konjugierten Polymer mit einer Koh-
lenstoff-Fluor-Bindung gebildet ist und das lumineszierende Farbstoffmolekul in der Lage ist, Energie von dem
Gastmolekul sowohl in einem angeregten Singulettzustand als auch in einem angeregten Triplettzustand zu
empfangen.

Organische Elektrolumineszenzvorrichtung nach Anspruch 1, worin zumindest eine Art des lumineszierenden Farb-
stoffmolekiils ausgewahlt aus der Gruppe bestehend aus einem Ubergangsmetallkomplex und einem linearen -
Elektronen konjugierten Molekdil.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass das Gastmolekiil aus einem n-Elektronen konju-
gierten Polymer mit einem Fluoratom gebildet ist, das an ein Kohlenstoffatom in einem n-Elektronen konjugierten
System oder ein Kohlenstoffatom neben dem Kohlenstoffatom in dem n-Elektronen konjugierten System gebunden
ist.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass das Gastmolekil aus einem n-Elektronen konju-
gierten Polymer gebildet ist, umfassend ein Phenylengerist oder ein Fluorengerist in der Polymerhauptkette.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass das Farbstoffmolekiil Phosphoreszenz emittiert.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass das Farbstoffmolekdl ein Seltenerdmetallkomplex
ist.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass die polymere Lumineszenzschicht (4) das Gast-
molekil umfasst, das mit etwa 0,01 bis 5 Gew.-% des lumineszierenden Farbstoffmolekdls dotiert ist.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass eine Lochtransportschicht (3) zwischen der Anode
(2) und der polymeren Lumineszenzschicht (4) angeordnet ist.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass eine Elektronentransportschicht (5) oder Puffer-
schicht zwischen der Katode (6) und der polymeren Lumineszenzschicht (4) angeordnet ist.

Anzeigevorrichtung, umfassend Pixel, die in einer zweidimensionalen Anordnung angeordnet sind, wobei jedes
Pixel viele Typen von organischen Elektrolumineszenzvorrichtungen mit unterschiedlicher Emissionsfarbe umfasst,
wobei jede organische Elektrolumineszenzvorrichtung eine Vorrichtung gemaf Anspruch 2 ist.

Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass das Gastmolekiil aus einem n-Elektronen
konjugierten Polymer mit einem Fluoratom gebildet ist, das an ein Kohlenstoffatom in einem n-Elektronen konju-
gierten System oder ein Kohlenstoffatom neben dem Kohlenstoffatom in dem n-Elektronen konjugierten System
gebunden ist.

Anzeigevorrichtung nach Anspruch 11, dadurch gekennzeichnet, dass das Kohlenstoffatom in dem n-Elektronen
konjugierten System ein konjugiertes Kohlenstoffatom hat oder ein aromatisches Kohlenstoffatom ist.

Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass das Gastmolekiil aus einem n-Elektronen
konjugierten Polymer gebildet ist, umfassend ein Phenylengeriist oder ein Fluorengerist in der Polymerhauptkette.
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Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass das Farbstoffmolekiil Phosphoreszenz
emittiert.

Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass das Farbstoffmolekul ein Seltenerdme-
tallkomplex ist.

Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass die polymere Lumineszenzschicht (36,
37, 38) das Gastmolekiil umfasst, das mit etwa 0,01 bis 5 Gew.-% des lumineszierenden Farbstoffmolekiils dotiert ist.

Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass eine Lochtransportschicht (35) zwischen
der Anode (33) und der polymeren Lumineszenzschicht (36, 37, 38) angeordnet ist.

Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass eine Elektronentransportschicht oder Puf-
ferschicht zwischen der Katode (39) und der polymeren Lumineszenzschicht (36, 37, 38) angeordnet ist.

Anzeigevorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass die organische Elektrolumineszensvor-
richtung, umfassend die polymere Lumineszenzschicht, die ein Gastmolekuil enthalt, das aus einem n-Elektronen
konjugierten Polymer mit einer Kohlenstoff-Fluor-Bindung und zumindest einer Art von lumineszierendem Farbstoff-
molekiil gebildet ist, ausgewahlt aus der Gruppe bestehend aus einem Ubergangsmetallkomplex und einem linearen
n-Elektronen konjugierten Molekul, zumindest eine blau-emittierende organische Elektrolumineszenzvorrichtungist.

Revendications

10.

Dispositif organique électroluminescent, comprenant: une anode (2); une cathode (6): et une couche de polymére
luminescente (4) disposée entre I'anode (2) et la cathode (6), et comprenant une molécule hote et une molécule
de colorant luminescent, caractérisé en ce que la molécule hote est formée d’'un polymeére d’électrons © conjugués
possédant une liaison carbone-fluor et en ce que la molécule de colorant luminescent est capable de recevoir
I’énergie provenant de la molécule héte a la fois dans un état de singulet excité et dans un état de triplet excité.

Dispositif organique électroluminescent suivant la revendication 1, dans lequel au moins un type de molécule de
colorant luminescent est choisi dans le groupe constitué d’'un complexe de métal de transition et d’'une molécule
d’électrons 1 conjugués linéaire.

Dispositif suivant la revendication 2, caractérisé en ce que la molécule héte est formée d’'un polymére d’électrons
n conjugués possédant un atome de fluor lié a un atome de carbone dans un systeme d’électrons n conjugués ou
un atome de carbone adjacent a I'atome de carbone dans le systeme d’électrons © conjugués.

Dispositif suivant la revendication 2, caractérisé en ce que la molécule héte est formée d’un polymeére d’électrons
7 conjugués comprenant un squelette de phényleéne ou un squelette de fluoréne dans la chaine principale du
polymeére.

Dispositif suivant la revendication 2, caractérisé en ce que la molécule de colorant émet une phosphorescence.

Dispositif suivant la revendication 2, caractérisé en ce que la molécule de colorant est un complexe de métal des
terres rares,

Dispositif suivant la revendication 2, caractérisé en ce que la couche de polymére luminescente (4) comprend la
molécule hote dopée avec d’environ 0,01 a 5% en poids de la molécule de colorant luminescent.

Dispositif suivant la revendication 2, caractérisé en ce qu’une couche de transport de trou (3) est disposée entre
I'anode (2) et la couche de polymeére luminescente (4).

Dispositif suivant la revendication 2, caractérisé en ce qu’une couche de transport d’électron (5) ou couche tampon
est disposée entre la cathode (6) et la couche de polymeére luminescente (4).

Appareil d’affichage comprenant des pixels arrangés en un réseau bidimensionnel, chaque pixel incluant des types
multiples de dispositifs organiques électroluminescents de couleur d’émission différente, chaque dispositif organique
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électroluminescent étant un dispositif suivant la revendication 2.

Appareil d’affichage suivant la revendication 10, caractérisé en ce que la molécule héte est formée d’'un polymére
d’élections © conjugués possédant un atome de fluor lié a un atome de carbone dans un systéme d’électrons ©
conjugués ou un atome de carbone adjacent a 'atome de carbone dans le systéeme d’électrons © conjugués.

Appareil d’affichage suivant la revendication 11, caractérisé en ce que I'atome de carbone dans le systéme d’élec-
trons 1 conjugués présente un atome de carbone conjugué ou est un atome de carbone aromatique.

Appareil d’affichage suivant la revendication 10, caractérisé en ce que la molécule héte est formée d’'un polymére
d’électrons © conjugués comprenant un squelette de phényléne ou un squelette de fluoréne dans la chaine principale
du polymere.

Appareil d’affichage suivant la revendication 10, caractérisé en ce que la molécule de colorant émet une phos-
phorescence.

Appareil d’affichage suivant la revendication 10, caractérisé en ce que la molécule de colorant est un complexe
de métal des terres rares.

Appareil d’affichage suivant la revendication 10, caractérisé en ce que la couche de polymere luminescente (36,
37, 38) comprend la molécule héte dopée avec d’environ 0,01 a 5% en poids de la molécule de colorant luminescent.

Appareil d’affichage suivant la revendication 10, caractérisé en ce qu’une couche de transport de trou (35) est
disposée entre I'anode (33) et la couche de polymére luminescente (36, 37, 38).

Appareil d’affichage suivant la revendication 10, caractérisé en ce qu’une couche de transport d’électron ou couche
tampon est disposée entre la cathode (39) et la couche de polymere luminescente (36, 37, 38).

Appareil d’affichage suivant la revendication 10, caractérisé en ce que le dispositif organique électroluminescent
comprenant la couche de polymére luminescente comprenant une molécule hote formée d’un polymére d’électrons
T conjugués possédant une liaison carbone-fluor et au moins un type de molécule de colorant luminescent choisi
dans le groupe constitué d’un complexe de métal de transition et d'une molécule d’électrons  conjugués linéaire
est au moins un dispositif organique électroluminescent émettant dans le bleu.
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