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(57)  An organic EL device is provided which is ca-
pable of providing high luminance and high luminous ef-
ficiency. In an organic EL device, a hole injecting elec-
trode lies on a glass substrate, and a hole injecting layer,
a hole transporting layer, and a light emitting layer are

Fig.

sequentially formed thereon. An electron injecting elec-
trode lies on the light emitting layer. The light emitting
layer contains a host material, a light emitting dopant,
and afirst light-emission assisting dopant. The first light-
emission assisting dopant is composed of a rubrene de-
rivative.
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Description
TECHNICAL FIELD
[0001] The present invention relates to an organic electroluminescent device and luminescent material.
BACKGROUND ART

[0002] Organic electroluminescent devices (hereinafter referred to as organic EL devices) are new self-emitting de-
vices of great prospects. The organic EL devices have a stacked structure in which a carrier transporting layer (an
electron or hole transporting layer) and a light emitting layer are sandwiched between a hole injecting electrode and
an electron injecting electrode.

[0003] An electrode material having a large work function, such as gold or ITO (indium-tin oxide), is used to form the
hole injecting electrode, and an electrode material having a small work function, such as Mg (magnesium) or Li (lithium),
is used to form the electron injecting electrode.

[0004] The hole transporting layer, light emitting layer, and electron transporting layer are formed of organic materials.
A material having p-type semiconductor properties is used to form the hole transporting layer and a material having
n-type semiconductor properties is used to form the electron transporting layer. The light emitting layer is formed of a
fluorescent or phosphorescent organic material which, too, has a carrier transporting property, as an electron or hole
transporting property.

[0005] The hole injecting electrode, hole transporting layer, light emitting layer, electron transporting layer, and elec-
tron injecting electrode are stacked in this order to form an organic EL device.

[0006] The functional layers, i.e. the hole transporting layer, electron transporting layer, and light emitting layer, may
each be composed of a plurality of layers, or may be omitted, depending on the organic materials used.

[0007] Forexample, Chihaya Adachi et al., Appl. Phys. Lett., Vol. 55, pp. 1489-1491 (1989) discloses a device struc-
ture that has only two organic layers, light emitting and electron transporting layers, between the hole injecting electrode
and electron injecting electrode. In this device, the light emitting layer made of a luminescent material called NSD has
a good hole transporting property, so that the light emitting layer can act also as a hole transporting layer.

[0008] C. W. Tang et al., Appl. Phys. Lett., Vol. 51, pp. 913-915 (1987) discloses a device structure that has two
organic layers: hole transporting and light emitting layers. In this case, tris(8-hydroxyquinolinato)aluminum (hereinafter
referred to as Alq) in the light emitting layer performs two functions: light emitting and electron transporting functions.
[0009] S. A. VanSlyke et al., Appl. Phys. Lett., Vol. 69, pp. 2160-2162 (1996) discloses a device structure that has
three organic layers: a hole injecting layer, hole transporting layer, and light emitting layer. In this case, the hole injecting
layer, made of copper phthalocyanine, serves like a hole transporting layer; thus the entire device includes two hole
transporting layers.

[0010] In this way, the stacked structure of the electron transporting layer, hole transporting layer and light emitting
layer can be freely designed, depending on the organic materials used.

[0011] Organic EL devices can be used to obtain visible light from blue to red, by properly selecting organic material
of the light emitting layer. Therefore a full-color display can be implemented by using monochromatic organic EL devices
individually emitting red, green or blue light, i.e. the three primary colors of light (RGB).

[0012] Among red, green and blue lights obtained with organic EL devices, green light and blue light are stable. On
the other hand, it is difficult to obtain light with high luminance and high luminous efficiency in the range from red to
orange. Therefore developing full-color displays requires red-emitting organic EL devices with good color purity, high
luminous efficiency, and high luminance.

[0013] JP 2000-164362,A suggests a method in which rubrene having the molecular structure represented by For-
mula (15) below is used as a light-emission assisting dopant. While this method offers improved red color purity, it fails
to provide sufficient luminous efficiency and sufficient luminance.
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DISCLOSURE OF THE INVENTION

[0014] An object of the invention is to provide an organic EL device capable of providing high luminance and high
luminous efficiency.

[0015] Another object of the invention is to provide a luminescent material capable of providing high luminance and
high luminous efficiency.

[0016] According to one aspect of the invention, an organic electroluminescent device includes a hole injecting elec-
trode, an electron injecting electrode, and a light emitting layer provided between the hole injecting electrode and the
electron injecting electrode, wherein the light emitting layer contains a rubrene derivative having a molecular structure
represented by Formula (1):

(1)

wherein R11-R15, R21-R25, R31-R35 and R41-R45 are the same or different and each represent a hydrogen
atom or a substituent, where the structure in which all are hydrogen atoms is excluded. Adjacent two of R11-R15,
adjacent two of R21-R25, adjacent two of R31-R35, and adjacent two of R41-R45 may be bonded together to form
rings. Adjacent three of R11-R15, adjacent three of R21-R25, adjacent three of R31-R35, and adjacent three of R41-R45
may be bonded together to form rings.
[0017] Because the light emitting layer contains a rubrene derivative having a molecular structure represented by
Formula (1), the organic electroluminescent device of the invention provides high luminance and high luminous effi-
ciency.



10

15

20

25

30

35

40

45

50

55

EP 1 405 893 A1

[0018] According to another aspect of the invention, an organic electroluminescent device includes a hole injecting
electrode, an electron injecting electrode, and a light emitting layer provided between the hole injecting electrode and
the electron injecting electrode, wherein the light emitting layer contains a rubrene derivative having a molecular struc-
ture represented by Formula (2):

-(2)

wherein R11-R15 and R21-R25 are the same or different and each represent a hydrogen atom or a substituent.
Adjacenttwo of R11-R15 and adjacent two of R21-R25 may be bonded together to formrings. Adjacent three of R11-R15
and adjacent three of R21-R25 may be bonded together to form rings.
[0019] Because the light emitting layer contains a rubrene derivative having a molecular structure represented by
Formula (2), the organic electroluminescent device of the invention provides high luminance and high luminous effi-
ciency.
[0020] According to still another aspect of the invention, an organic electroluminescent device includes a hole inject-
ing electrode, an electron injecting electrode, and a light emitting layer provided between the hole injecting electrode
and the electron injecting electrode, wherein the light emitting layer contains a rubrene derivative having a molecular,
structure represented by Formula (3):

Ar1 Ar2 Ar3

R2 Ar4 Ar5 Ar6

wherein Ar1-Ar6 are the same or different and each represent a hydrogen atom or a substituent. R1 and R2 are
the same or different and each represent a hydrogen atom or a substituent. Adjacent R1 and R2 may be bonded
together to form a ring.
[0021] Because the light emitting layer contains a rubrene derivative having a molecular structure represented by
Formula (3), the organic electroluminescent device of the invention provides high luminance and high luminous effi-
ciency.
[0022] According to a further aspect of the invention, an organic electroluminescent device includes a hole injecting
electrode, an electron injecting electrode, and a light emitting layer provided between the hole injecting electrode and
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the electron injecting electrode, wherein the light emitting layer contains a rubrene derivative having a molecular struc-
ture represented by Formula (4):

Arl Ar2 Ar3 Ard ArS

(D @

Ar6 Ar7 Ar8 Ar8 Ari0

wherein Ar1-Ar10 are the same or different and each represent a hydrogen atom or a substituent.
[0023] Because the light emitting layer contains a rubrene derivative having a molecular structure represented by
Formula (4), the organic electroluminescent device of the invention provides high luminance and high luminous effi-
ciency.
[0024] The rubrene derivative may be 5,6,11,12-tetrakis(naphth-2-yl)-naphthacene having a molecular structure rep-

resented by Formula (A1):

COQ0 -

5%

[0025] This enables higher luminance and higher luminous efficiency than when the light emitting layer contains
rubrene.

[0026] The rubrene derivative may be 5,12-bis(4-(6-methylbenzothiazole-2-yl)phenyl)-6,11-diphenylnaphthacene
represented by Formula (A2):
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CH,§
[0027] This enables higher luminance and higher luminous efficiency than when the light emitting layer contains
rubrene.

[0028] The rubrene derivative may be 5,6,11,12-tetrakis(4-tert-butylphenyl)-naphthacene represented by Formula
(A3):

tBu  tBu

SOOOET

tBu  tBu
[0029] This enables higher luminance and higher luminous efficiency than when the light emitting layer contains
rubrene.
[0030] The rubrene derivative may be 5,12-bis(4-tert-butylphenyl)-naphthacene represented by Formula (A4):
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[0031]
rubrene.
[0032]

[0033]
rubrene.
[0034]
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tBu

>
CC0 e
>

tBu

This enables higher luminance and higher luminous efficiency than when the light emitting layer contains

The rubrene derivative may be 5,12-diphenylnaphthacene represented by Formula (A5):

.
seoo Rt
C

This enables higher luminance and higher luminous efficiency than when the light emitting layer contains

The rubrene derivative may be 5,12-bis(naphth-2-yl)-naphthacene represented by Formula (A6):
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[0035]
rubrene.
[0036]

[0037]
rubrene.
[0038]

EP 1 405 893 A1

This enables higher luminance and higher luminous efficiency than when the light emitting layer contains

The rubrene derivative may be 5,12-bis(pyrene-1-yl)-naphthacene represented by Formula (A7):

This enables higher luminance and higher luminous efficiency than when the light emitting layer contains

The rubrene derivative may be 5,6,13,14-6-tetrakisphenyl-pentacene represented by Formula (A8):
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[0039] This enables higher luminance and higher luminous efficiency than when the light emitting layer contains
rubrene.

[0040] The rubrene derivative may be 6,13-bis(4-(6-methylbenzothiazole-2-yl)phenyl)-pentacene represented by
Formula (A9):

CH3

.CH3

[0041] This enables higher luminance and higher luminous efficiency than when the light emitting layer contains
rubrene.

[0042] The rubrene derivative may be 5,6,11,12-tetrakisphenyl-1,2-benzo-(3,4-benzo-)naphthacene represented by
Formula (A10):
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[0043] This enables higher luminance and higher luminous efficiency than when the light emitting layer contains
rubrene.

[0044] The light emitting layer may contain a host material, a light emitting dopant, and a first light-emission assisting
dopant, with the first light-emission assisting dopant being composed of a rubrene derivative. The first light-emission
assisting dopant serves to transfer excitation energy to the light emitting dopant. Using any of the rubrene derivatives
shown above as the first light-emission assisting dopant enhances the luminance and luminous efficiency.

[0045] The light emitting layer may further contain a second light-emission assisting dopant. The second light-emis-
sion assisting dopant serves to adjust the balance of carriers flowing in the light emitting layer. Using the second light-
emission assisting dopant further enhances the luminance and luminous efficiency.

[0046] The light emitting layer may contain a host material and a light emitting dopant, with the light emitting dopant
being composed of a rubrene derivative. Using any of the rubrene derivatives shown above as the light emitting dopant
enhances the luminance and luminous efficiency.

[0047] The content of the light emitting dopant may be not less than 0.1 percent by weight nor more than 50 percent
by weight, with respect to the host material. This causes the light emitting dopant to act not as a host but as a dopant.
[0048] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C1) and a second light emitting layer that contains a luminescent
material that emits blue light.
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[0049] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C2) and a second light emitting layer that contains a luminescent

35

40

45

50

55

material that emits blue light.
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[0050] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C3) and a second light emitting layer that contains a luminescent
material that emits blue light.
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[0051] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C4) and a second light emitting layer that contains a luminescent
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material that emits blue light.
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[0052] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C5) and a second light emitting layer that contains a luminescent
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material that emits blue light.

14



10

25

30

EP 1 405 893 A1

ole

sosolL

ole

z7 0

[0053] In an organic electroluminescent device having a light emitting layer between a hole Injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C6) and a second light emitting layer that contains a luminescent
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material that emits blue light.
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[0054] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C7) and a second light emitting layer that contains a luminescent
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material that emits blue light.
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[0055] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C8) and a second light emitting layer that contains a luminescent

material that emits blue light.
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[0056] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C9) and a second light emitting layer that contains a luminescent

material that emits blue light.
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[0057] In an organic electroluminescent device having a light emitting layer between a hole in jecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound

having a molecular structure represented by Formula (C10) and a second light emitting layer that contains a luminescent
material that emits blue light.
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[0058] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C11) and a second light emitting layer that contains a luminescent

material that emits blue light.
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[0059] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C12) and a second light emitting layer that contains a luminescent

material that emits blue light.

H3
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[0060] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C13) and a second light emitting layer that contains a luminescent

material that emits blue light.
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[0061] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C14) and a second light emitting layer that contains a luminescent

material that emits blue light.

N(CH3)2
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[0062] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C15) and a second light emitting layer that contains a luminescent

material that emits blue light.
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[0063] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C16) and a second light emitting layer that contains a luminescent

material that emits blue light.
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[0064] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C17) and a second light emitting layer that contains a luminescent

material that emits blue light.

C2Hs
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[0065] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C18) and a second light emitting layer that contains a luminescent

material that emits blue light.
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C2Hs

[0066] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C19) and a second light emitting layer that contains a luminescent

material that emits blue light.

C2Hs
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[0067] In an organic electroluminescent device having a light emitting layer between a hole injecting electrode and
an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains a compound
having a molecular structure represented by Formula (C20) and a second light emitting layer that contains a luminescent
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material that emits blue light.
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[0068] The luminescent materials having the molecular structures represented by Formulas (C1)-(C20) are capable
of emitting orange or yellow light with high luminance and high luminous efficiency, and so the first light emitting layer
emits orange or yellow light and the second light emitting layer emits blue light. Then, because of the complementary
relation between orange or yellow and blue, the organic electroluminescent device is capable of emitting white light.
[0069] Preferably, the second light emitting layer contains an anthracene derivative as a host material and a perylene
derivative as a light emitting dopant. This allows the second light emitting layer to efficiently emit blue light.

[0070] In an organic electroluminescent device having a light emitting layer provided between a hole injecting elec-
trode and an electron injecting electrode, the light emitting layer may include a first light emitting layer that contains at
least one compound selected from the group consisting of compounds having molecular structures represented by
Formulas (C1)-(C20) and at least one compound selected from the group consisting of compounds represented by
Formulas (A4)-(A7), (A10), and (C21)-(C27), and a second light emitting layer that contains a luminescent material
that emits blue light.
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[0071] The compounds having the molecular structures represented by Formulas (C1)-(C20) are capable of emitting
orange light and the luminescent materials having the molecular structures represented by Formulas (A4)-(A7), (A10)
and (C21)-(C27) are capable of emitting green light. Thus, when the first light emitting layer contains an orange-emitting
luminescent material and a green-emitting luminescent material and the second light emitting layer contains a blue-
emitting luminescent material, it is possible to obtain high luminous efficiency and white light emission with high color
purity.

[0072] According to still another aspect of the invention, a luminescent material has a molecular structure represented
by Formula (1):
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~(1)

R33 R43

wherein R11-R15, R21-R25, R31-R35 and R41-R45 are the same or different and each represent a hydrogen
atom or a substituent, where the structure in which all are hydrogen atoms is excluded. Adjacent two of R11-R15,
adjacent two of R21-R25, adjacent two of R31-R35, and adjacent two of R41-R45 may be bonded together to form
rings. Adjacentthree of R11-R15, adjacent three of R21-R25, adjacent three of R31-R35, and adjacent three of R41-R45
may be bonded together to form rings.
[0073] According to a further aspect of the invention, a luminescent material has a molecular structure represented
by Formula (2):

wherein R11-R15 and R21-R25 are the same or different and each represent a hydrogen atom or a substituent.
Adjacenttwo of R11-R15 and adjacent two of R21-R25 may be bonded together to formrings. Adjacent three of R11-R15
and adjacent three of R21-R25 may be bonded together to form rings.
[0074] According to a further aspect of the invention, a luminescent material has a molecular structure represented
by Formula (3):
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Ar1 Ar2 Ar3

R2 Ar4 Ar5 Ar6

wherein Ar1-Ar6 are the same or different and each represent a hydrogen atom or a substituent. R1 and R2 are
the same or different and each represent a hydrogen atom or a substituent. Adjacent R1 and R2 may be bonded
together to form a ring.
[0075] According to a further aspect of the invention, a luminescent material has a molecular structure represented
by Formula (4):

Arl Ar2 Ar3 Ar4 Ard

U -

Ar6 Ar7 Ar8 Ar8 Ari0

wherein Ar1-Ar10 are the same or different and each represent a hydrogen atom or a substituent.
BRIEF DESCRIPTION OF THE DRAWINGS
[0076]

Fig. 1 is a schematic diagram showing the structure of an organic EL device according to an embodiment of the
invention; and
Fig. 2 is a schematic diagram showing the structure of an organic EL device according to another embodiment of
the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0077] Fig. 1 is a schematic diagram showing the structure of an organic electroluminescent device (hereinafter
referred to as an organic EL device) according to an embodiment of the invention.

[0078] As shown in Fig. 1, in the organic EL device 100, a hole injecting electrode (anode) 2, made of a transparent
electrode film, resides on a glass substrate 1. On the hole injecting electrode 2, a hole injecting layer 3 made of an
organic material, a hole transporting layer 4 of an organic material, and a light emitting layer 5 of an organic material
are formed in sequence. An electron injecting electrode (cathode) 6 lies on the light emitting layer 5. In place of the
hole transporting layer 4, an electron transporting layer may be provided between the light emitting layer 5 and the
electron injecting electrode 6.

[0079] It is preferred that the light emitting layer 5 contain a rubrene derivative having a molecular structure repre-
sented by Formula (1) below, or a rubrene derivative having a molecular structure represented by Formula (2) below.
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=+(1)

[0080] In Formulas (1) and (2), R11-R15, R21-R25, R31-R35 and R41-R45 are the same or different and each rep-
resent a hydrogen atom or a substituent, excepting for structures in which all are hydrogen atoms. Adjacent two of
R11-R15, adjacent two of R21-R25, adjacent two of R31-R35, and adjacent two of R41-R45 may be bonded together
to form rings. Adjacent three of R11-R15, adjacent three of R21-R25, adjacent three of R31-R35, and adjacent three
of R41-R45 may be bonded together to form rings.

[0081] In Formula (2), R11-R15 and R21-R25 are the same or different and each represent a hydrogen atom or a
substituent. Adjacent two of R11-R15 and adjacent two of R21-R25 may be bonded together to form rings. Adjacent
three of R11-R15 and adjacent three of R21-R25 may be bonded together to form rings.

[0082] For example, in Formulas (1) and (2), R11-R15, R21-R25, R31-R35 and R41-R45 are —H, —C Hy,+4
(n=1-10), —OC,Hsp+1 (n=1-10), — N(CHo+1)2 (n=1-10), — X (X=F, CI, Br, or I), — CN, or substituents represented
by Formula (a1) below.
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"‘“éff::[:::z}'R' ~(a1)
Y

Note that the structure in which R11-R15, R21-R25, R31-R35, R41-R45 in Formula (1) are all -H is excluded.

In Formula (a1), Y is O or S, for example, and R'is —H, —CHy,,1 (n=1-10), — OC,H,,4 (n=1-10), —N(CH5+1)2
(n=1-10), — X (X=F, ClI, Br, or I), —CN, or a phenyl group, for example.

[0084]

In Formulas (1) and (2), adjacent two of R11-R15, adjacent two of R21-R25, adjacent two of R31-R35, and

adjacent two of R41-R45 may be bonded together to form any of the ring structures represented by Formula (a2) below.

[0085]

In Formulas (1) and (2), adjacent three of R11-R15, adjacent three of R21-R25, adjacent three of R31-R35,

and adjacent three of R41-R45 may be bonded together to form the ring structure represented by Formula (a3) below.

[0086]

Alternatively, the light emitting layer 5 preferably contains a rubrene derivative having a molecular structure

represented by Formula (3) below, or a rubrene derivative having a molecular structure represented by Formula (4)

below.
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Ar1 Ar2 Ar3

R2 Ar4 Ard Ar6

Ar1 Ar2 Ard Ard ArS

(I -

Ar6 Ar7 Ar8 Ar8 Ari0

[0087] In Formulas (3) and (4), Ar1-Ar10 are the same or different and each represent a hydrogen atom or a sub-
stituent. In Formula (3), R1 and R2 are the same or different and each represent a hydrogen atom or a substituent. In
Formula (3), adjacent R1 and R2 may be bonded together to form a ring.

[0088] For example, in Formula (3), Ar1-Ar6 are —H, —C,Hy,,+1 (n=1-10), —OC,Hy+1 (n=1-10), —N(C,\Hop+1)2
(n=1-10), —X (X=F, CI, Br, or I), —CN, or any of substituents represented by Formula (a4).

[0089] In Formula (a4), R is, for example, -H, -C,H,,.4 (n=1-10), -OC,H,,+4 (n=1-10), -N(CHsp+1)> (n=1-10), -X
(X=F, CI, Br, or 1), -CN, a phenyl group, or a substituent represented by Formula (a5).
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—</: | R -(as)

[0090] In Formula (a5), Y is O or S, for example, and R' is — H, —CH,¢ (n=1-10), —OC, Hy44 (n=1-10), —N
(CHop+1)2 (n=1-10), —X (X=F, ClI, Br, or I), —CN, or a phenyl group, for example.

[0091] In Formula (3), adjacent R1 and R2 may be bonded together to form any of the ring structures represented
by Formula (a6) below.

[0092] In a first example, the light emitting layer 5 contains a host material, a light emitting dopant, and a first light-
emission assisting dopant, where the first light-emission assisting dopant is composed of any of the rubrene derivatives
shown above. The first light-emission assisting dopant serves to transfer excitation energy to the light emitting dopant.
Using the rubrene derivatives shown above as the first light-emission assisting dopant enhances the luminance and
luminous efficiency.

[0093] In a second example, the light emitting layer 5 contains a host material, a light emitting dopant, a first light-
emission assisting dopant, and a second light-emission assisting dopant, where the first light-emission assisting dopant
is composed of any of the rubrene derivatives shown above. The second light-emission assisting dopant serves to
adjust the balance of carriers that flow in the light emitting layer. Further adding the second light-emission assisting
dopant enhances the luminance and luminous efficiency.

[0094] The first and second light-emission assisting dopants do not emit light themselves.

[0095] In a third example, the light emitting layer 5 contains a host material and a light emitting dopant, where the
light emitting dopant is composed of any of the rubrene derivatives shown above. Using the rubrene derivatives shown
above as the light emitting dopant enhances the luminance and luminous efficiency.

[0096] In the cases above, the content of the light emitting dopant is from 0.1 to 50 percent by weight, preferably
from 1 to 10 percent by weight, with respect to the host material.

[0097] In the organic EL device 100, a voltage is applied between the hole injecting electrode 2 and the electron
injecting electrode 6 to cause the light emitting layer 5 in the organic EL device 100 to emit light, which is emitted from
the back of the glass substrate 1.

[0098] Compounds represented by Formulas (1) to (4) can be prepared by conventional methods. For example, they
can be obtained by coupling reactions, in the presence of transition metal compounds (e.g. palladium compounds),
between condensed polycyclic hydrocarbons (e.g. naphthacene, pentacene, benz[alnaphthacene, dibenz[a,c]naph-
thacene, etc.) that have leaving groups (e.g. halogen atoms) at certain positions and that have adjacent benzene rings
ortho-condensed, and compounds corresponding to substituents of the condensed polycyclic hydrocarbons (benzene
compounds having R11-R45, compounds corresponding to Ar1-Ar10). Further, the reactions may be caused in a pres-
ence of bases (e.g. sodium hydroxide). The reactions can usually be carried out using an inert solvent in an inert gas
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atmosphere at about 30 to 120°C.

[0099] Fig. 2is a schematic diagram showing the structure of an organic EL device according to another embodiment
of the invention.

[0100] Asshownin Fig. 2, in the organic EL device 100a, a hole injecting electrode (anode) 2, made of a transparent
electrode film, resides on a glass substrate 1. On the hole injecting electrode 2, a hole injecting layer 3 made of an
organic material, a hole transporting layer 4 of an organic material, a first light emitting layer 5a of an organic material,
a second light emitting layer 5b, and an electron transporting layer 7 are formed in sequence. An electron injecting
electrode (cathode) 6 lies on the electron transporting layer 7.

[0101] The first light emitting layer 5a contains a rubrene derivative that emits orange or yellow light, among rubrene
derivatives having molecular structures represented by Formula (1) shown above, rubrene derivatives having molecular
structures represented by Formula (2) above, rubrene derivatives having molecular structures represented by Formula
(3) above, or among rubrene derivatives having molecular structures represented by Formula (4) above.

[0102] The second light emitting layer 5b contains a luminescent material that emits blue light. For example, the
second light emitting layer 5b contains an anthracene derivative as a host material and contains a perylene derivative
as a light emitting dopant.

[0103] For example, dianthranylanthracene having the molecular structure of Formula (B1) can be used as an an-
thracene derivative.

CoC
S oo
sos

[0104] Also, as an anthracene derivative, diphenylanthracene having the molecular structure of Formula (B2) may

(J
900 e
J

[0105] As for a perylene derivative, perylene having the molecular structure of Formula (B3) can be used.
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-+ (B 3)

[0106] In the organic EL device 100a of this embodiment, the first light emitting layer 5a emits orange or yellow light
and the second light emitting layer 5b emits blue light. Thus, the organic EL device 100a can emit white light, because
of complementary relation between orange or yellow and blue.

[0107] The first light emitting layer 5a may be doped with light emitting dopants of two kinds: an orange-emitting
rubrene derivative (for example, any of the rubrene derivatives represented by Formulas (C1) to (C20) shown later)
and a green-emitting rubrene derivative (for example, any of the rubrene derivatives represented by Formulas (A4) to
(A7), (A10) and (C21) to (C27) shown later). This enhances luminous efficiency of white, and also enhances color
purity of white since the half bandwidth of the spectrum increases.

(Examples)

[0108] (1) First, organic EL devices of Examples 1 to 33 and Examples for Comparison, 1 to 5, were constructed
and luminescence characteristics of these devices were measured.

[0109] Organic EL devices of Examples 1-10 and Comparative Example 1 have Device Structure A, organic EL
devices of Examples 11-22 and Comparative Example 2 have Device Structure B, organic EL devices of Examples
23-28 and Comparative Examples 3-5 have Device Structure C, and organic EL devices of Examples 29-33 have
Device Structure D.

[0110] In particular, rubrene derivatives having the molecular structures of Formulas (A1)-(A10) below were used as
materials of the light emitting layer.

[0111] 5,6,11,12-tetrakis(naphth-2-yl)-naphthacene (hereinafter referred to as TNN):
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[0112] 5,12-bis(4-(6-methylbenzothiazole-2-yl)phenyl)-6,11-diphenylnaphthacene (hereinafter referred to as DBzR):

CH3

= (A2)

H3

DBzR

[0113] 5,6,11,12-tetrakis(4-tert-butylphenyl)-naphthacene (hereinafter referred to as TtBuPN):
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ols}
OO0 aw
00

tBu tBu
TtBuPN

[0114] 5,12-bis(4-tert-butylphenyl)-naphthacene (hereinafter referred to as DtBuPN):

tBu

»
seseIIETS

C

tBu
DtBuPN

[0115] 5,12-diphenylnaphthacene (hereinafter referred to as DPN):
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oD e

DPN

[0116] 5,12-bis(naphth-2-yl)-naphthacene(hereinafter referred to as DNN):

&

SOOO R

o

DNN

[0117] 5,12-bis(pyrene-1-yl)-naphthacene(hereinafter referred to as DPyN):
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- (AT)

[0118] 5,6,13,14-6-tetrakisphenyl-pentacene (hereinafter referred to as TPhP):

OC
OO0 e
OC

TPhP

[0119] 6,13-bis(4-(6-methylbenzothiazole-2-yl)phenyl)-pentacene (hereinafter referred to as DBzP):
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CH3

= (A9)

H3

[0120] 5,6,11,12-tetrakisphenyl-1,2-benzo-(3,4-benzo-)naphthacene (hereinafter referred to as TPh-DBN):

- (A10)

(A) Device Structure A

[0121] In Device Structure A, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
light emitting layer, and an electron injecting electrode (cathode) are sequentially stacked on a glass substrate.
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[0122] In this case, the hole injecting electrode of the organic EL device has a thickness of 1000 A and is formed of
indium-tin oxide (ITO). The hole injecting layer has a thickness of 500 A and is formed of 4,4'4"-Tris(N-(2-naphthyl)-N-
phenyl-amino)-triphenylamine (hereinafter referred to as 2TNATA) having the molecular structure represented by For-
mula (22) below.

&

fepeN g e Rt
OO

[0123] The hole transporting layer has a thickness of 150 A and is formed of N,N'-Di(naphthalen-1-yl)-N,N'-diphenyl-
benzidine (hereinafter referred to as NPB) having the molecular structure of Formula (23).

O+O0-0-1+0 .,
o CC

[0124] The light emitting layer has a thickness of 500 A, and contains, as a host material, Tris(8-hydroxyquinolinato)
aluminum (hereinafter referred to as Alq) having the molecular structure of Formula (24) below, and contains, as a red
light emitting dopant, 2% of 2-(1,1-Dimethylethyl)-6-(2-(2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-111,5II-benzo[ij]quino-
lizin-9-yl)ethenyl)-4H-pyran-4-ylidene)propanedinitrile (hereinafter referred to as DCJTB) having the molecular struc-
ture of Formula (25), and also contains, as a first light-emission assisting dopant, 5% of a rubrene derivative, or one
of those shown above.

\ .

(2 4)

| \”J;/A @
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++(25)

[0125] The electron injecting electrode is formed of a Mgin alloy (a ratio of 10:1) with a thickness of 2000 A.
[0126] Examples 1-10 used, as first light-emission assisting dopants, DtBuPN, DPN, DNN, TNN, DBzR, DPyN, Tt-
BuPN, DBzP, TPhP, and TPh-DBN, respectively. Comparative Example 1 used rubrene as a first light-emission assisting
dopant.

(B) Device Structure B

[0127] In Device Structure B, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
light emitting layer, and an electron injecting electrode (cathode) are sequentially stacked on a glass substrate.
[0128] In this case, the hole injecting electrode of the organic EL device has a thickness of 1000 A and is formed of
indium-tin oxide (ITO). The hole injecting layer has a thickness of 500 A and is formed of 2TNATA. The hole transporting
layer has a thickness of 150 A and is formed of NPB.

[0129] The light emitting layer has a thickness of 500 A, and contains Alq as a host material, 2% of DCJTB as a red-
emitting dopant, 5% of a rubrene derivative, one of the rubrene derivatives shown above, as a first light-emission
assisting dopant, and also contains, as a second light-emission assisting dopant, 6% of 4,4-Bis(carbazol-9-yl)-biphenyl
(hereinafter referred to as CBP) having the molecular structure of Formula (26), or N,N'-Bis-(3-methylphenyl)-N,N'-
bis-(phenyl)-benzidine (hereinafter referred to as TPD) having the molecular structure of Formula (27) below, or NPB.

gwn ~(26)

O-:0-0-10

CH, CH,

~(27)

[0130] The electron injecting electrode has a thickness of 2000 A and is formed of a Mgln alloy (with a ratio of 10:1).
[0131] Examples 11-20 used, as first light-emission assisting dopants, DtBuPN, DPN, DNN, TNN, DBzR, DPyN,
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TtBuPN, DBzP, TPhP, and TPh-DBN, respectively. Comparative Example used rubrene as the first light-emission as-
sisting dopant.

[0132] Example 21 used DtBuPN as the first light-emission assisting dopant and TPD as the second light-emission
assisting dopant. Example 22 used DPN as the first light-emission assisting dopant and NPB as the second light-
emission assisting dopant.

(C) Device Structure C

[0133] In Device Structure C, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
light emitting layer, and an electron injecting electrode (cathode) are sequentially stacked on a glass substrate.
[0134] In this case, the hole injecting electrode of the organic EL device has a thickness of 1000 A and is formed of
indium-tin oxide (ITO). The hole injecting layer has a thickness of 500 A and is formed of 2TNATA. The hole transporting
layer has a thickness of 150 A and is formed of NPB.

[0135] The light emitting layer has a thickness of 500 A, and contains Alq as a host material, and 5% of a rubrene
derivative, one of those shown above, as a light emitting dopant.

[0136] The electron injecting electrode is formed of a Mgin alloy (a ratio of 10:1) with a thickness of 2000 A.
[0137] Examples 23-28 used, as the light emitting dopants, DtBuPN, DPN, DNN, TNN, DBzR, and DPyN, respec-
tively. Comparative Examples 3-5 respectively used, as light emitting dopants, Coumarin6 (or 3-(2-Benzothiazolyl)-
7-(diethylamino)coumarin) having the molecular structure of Formula (28), rubrene, and 4-(Dicyanomethylene)-2-me-
thyl-6-(4-dimethylaminostyryl)-4H-pyran (hereinafter referred to as DCM) having the molecular structure of Formula
(29).

HConp 0 |

|
CZHS

0 (2 9)
CH

(D) Device Structure D

[0138] In Device Structure D, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
light emitting layer, an electron transporting layer, and an electron injecting electrode (cathode) are sequentially stacked
on a glass substrate.

[0139] In this case, the hole injecting electrode of the organic EL device is formed of indium-tin oxide (ITO) with a
thickness of 1000 A. The hole injecting layer has a thickness of 500 A and is formed of 2TNATA.

[0140] The light emitting layer has a thickness of 150 A, and contains NPB as a host material, and 5% of a rubrene
derivative, one of those shown above, as a light emitting dopant.
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[0141] The electron transporting layer has a thickness of 500 A and is formed of Alg. The electron injecting electrode
is formed of Mgln alloy (a ratio of 10:1) with a thickness of 2000 A.

[0142] Examples 29-33 used, as the light emitting dopants, DtBuPN, DPN, DNN, TNN, and DBzR, respectively.
[0143] A positive bias voltage was applied to the hole injecting electrode of each organic EL device and a negative
bias voltage was applied to the electron injecting electrode, and luminescence characteristics of the devices were
measured.

[0144] Table 1 shows measurements of luminescence characteristics of the organic EL devices of Examples 1-10
and Comparative Example 1.
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[0145] As shown in Table 1, the organic EL devices of Examples 1-10 and Comparative Example 1 all provided red
light emission with high color purity. The organic EL devices of Examples 1-10 provided higher luminous efficiency and
higher maximum luminance than the organic EL device of Comparative Example 1. This shows that the use of the
rubrene derivatives as the first light-emission assisting dopants is effective in enhancing the luminous efficiency and
maximum luminance.

[0146] Table 2 shows measurements of luminescence characteristics of the organic EL devices of Examples 11-20
and Comparative Example 2.

72



EP 1 405 893 A1

Ge'0=A

‘69°0=X

002‘8 Ge9 L'z pay dg0 dudl a1roa biv g 6L X3
Ge'0=A
‘69°0=X

00L‘8 1€9 [ pay dg9 dzaa a1road biv g g1 X3
Ge'0=A
‘G9°0=X

000Gl ¥€9 SC pay dgo NdngiL g1rod biv 8 1 X3
Ge0=A
‘G9°0=X

006°ZL Ge9 1z pay dg9 NAda g1roa biv <] 91 X3
Ge'0=A
‘69°0=X

00191 Ge9 SC pay dg0 ¥zga g1roa biv g Sl X3
Ge'0=A
‘G9'0=X

080°SL ¥€9 SZ pay dg9 NNL a1roa biv g v1L X3
Ge'0=A
‘69°0=X

099°'cl ¥€9 1z pay dg0 NNa g1roa biv g €1 X3
Ge'0=A
‘G9°0=X

00L‘gl z€9 12 pay dg9 Nda a1rod biv g ZL X3
Ge0=A
‘G9°0=X

0st'vL ¥€9 L'z pay dg9 Ndnaia a1rod biv g e

zW/P200 LIV 1NvdOd 1NvdOda 1NvdOda
(zw/p2) (v/p2) ONILSISSY N ONILSISSY N ) 3
JONVYNINNT (wu) AON3IOI1443 (A'x310) OISSINT-LHOIT | OISSINI-LHOIT | NILLINT 1 HNLONYLS
XVIN HLIONIT-3AVM | SNONINNT | "YOTOO a3LLING puz 181 1HOIT SOH 301A3d
Z @lqeL

10

15

20
25

30

35
40

45

50

55

73



EP 1 405 893 A1

Ge'0=A
‘G9°0=X Zu

028zl ¥€9 02 pay dg9 suaigny g1rod biv <] osledwo)
Ge0=A
‘G9'0=X

00L‘8 5€9 L'z pey dg9 Nga-ydL g1roa biv g 0z X3

ZW/pP200 LIV 1NVdOa 1NvdOd 1NvdOa
(zw/p2) (v/p2) ONILSISSY N ONILSISSY N ) 3
JONVYNINNT (wu) AON3IOI1443 (A'x310) OISSINI-LHOIT | OISSINI-LHOIT | NILLIANI 1 HNLONYLS
XVIN HLIONIT-3AVM | SNONINNT | YOTOO a3LLING puz 181 1HOIT SOH 301A3d

10

15

20

25

(penunuoo) g sjqeL

S
™

35
40

45

50

55

74



10

15

20

25

30

35

40

45

50

55

EP 1 405 893 A1

[0147] As shown in Table 2, the organic EL devices of Examples 11-20 and Comparative Example 2 all provided red
light emission with high color purity. With the organic EL devices of Examples 11-20, the addition of the second light-
emission assisting dopant enabled higher luminous efficiency and higher maximum luminance than those of the organic
EL devices of Examples 1-11. This shows that the addition of the second light-emission assisting dopant is effective
in enhancing the luminous efficiency and maximum luminance. The organic EL devices of Examples 11-20 provided
higher luminous efficiency than the organic EL device of Example 2. This shows that using the rubrene derivatives as
the first light-emission assisting dopants is effective in enhancing the luminous efficiency and maximum luminance.
[0148] Table 3 shows measurements of luminescence characteristics of the organic EL devices of Examples 21 and
22
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[0149] As shown in Table 3, the organic EL devices of Examples 21 and 22 both provided red light emission with
high color purity. With the organic EL devices of Examples 21 and 22, too, the addition of the second light-emission
assisting dopant enhanced the luminous efficiency and maximum luminance, as compared with those of the organic
EL devices of Examples 1-11. This shows that adding a second light-emission assisting dopant is effective in enhancing
the luminous efficiency and maximum luminance. The organic EL devices of Examples 21 and 22, too, provided higher
luminous efficiency than the organic EL device of Comparative Example 2. This shows that using rubrene derivatives
as the first light-emission assisting dopants is effective in enhancing the luminous efficiency and maximum luminance
also when TPD or NPB is used as a second light-emission assisting dopant.

[0150] Table 4 shows measurements of luminescence characteristics of the organic EL devices of Examples 23-28
and Comparative Examples 3-5.
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As shown in Table 4, the organic EL devices of Examples 23-28 provided luminous efficiencies of 4.1 to 9.0
ch are higher than those of the organic EL devices of Comparison Examples 3-5. This shows that using the

rubrene derivatives as light emitting dopants, too, is effective in enhancing the luminous efficiency and maximum lu-

minance.
[0152]

Table 5 shows measurements of luminescence characteristics of the organic EL devices of Examples 29-33.
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[0153] As shown in Table 5, the organic EL devices of Examples 29-33 provided high luminous efficiencies of 3.6 to
12.5 cd/A. This shows that using the rubrene derivatives as light emitting dopants with an electron transporting layer
replacing the hole transporting layer is also effective in enhancing the luminous efficiency and maximum luminance.
[0154] Thus, itis seen from Examples 1-33 and Comparative Examples 1-5 that using the rubrene derivatives shown
above as a light emitting dopant or first light-emission assisting dopant in a light emitting layer improves luminous
efficiency and luminance.

[0155] (2) Next, organic EL devices of Examples 34-108 were constructed and luminescence characteristics of these
devices were measured.

[0156] Organic EL devices of Examples 34-40 have Device Structure E, organic EL devices of Examples 41-67 have
Device Structure F, organic EL devices of Examples 68-94 have Device Structure G, and organic EL devices of Ex-
amples 95-108 have Device Structure H.

[0157] Examples 34-40 used rubrene derivatives having molecular structures of Formula (1a) below, among rubrene
derivatives represented by Formula (1) shown earlier, rubrene derivatives having molecular structures of Formula (2a)
among rubrene derivatives represented by Formula (2), and rubrene derivatives having molecular structures of Formula
(4a) among rubrene derivatives represented by Formula (4).

N (2 a)
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[0158] In Formulas (1a), (2a) and (4a), Ar represents a substituent having any of the structures represented by

Formula (7a).

EP 1 405 893 A1

(4 a)

aes (7 a)

[0159] InFormula(7a), Yis O or S, Ris a hydrogen atom, a halogen atom, or a substituent, such as—H, —C Hy 41
(n=1-10), —OC_,Hyp+1 (n=1-10), —N(C,Hs+1)2 (n=1-10), —X (X=—F, —CI,—Br, or—1), — CN, a phenyl group, or
a naphthyl group.

[0160] In particular, Compounds 1-27 having molecular structures of Formulas (C1)-(C27) below were used as ma-
terials of the light emitting layer.

82



10

15

25

30

35

40

45

50

55

COMPOUND 1:

[0161]

ole

EP 1 405 893 A1

CH3

L

old

H3

83

= (C1)



15

20

25

35

40

45

50

55

COMPOUND 2:

[0162]

CHz3

H3

EP 1 405 893 A1

CH3

H3

84

- (C2)



10

25

30

35

40

45

50

55

COMPOUND 3:

[0163]

EP 1 405 893 A1

OCH3

ole
2006
od

OCH3 .

85

=+ (C3)



15

20

25

35

40

45

50

55

COMPOUND 4:

[0164]

CHai

EP 1 405 893 A1

86

=+ (C4)



10

25

30

35

40

45

50

55

COMPOUND 5:

[0165]

EP 1 405 893 A1

ol
ol

SO -

0

87



10

15

25

30

35

40

45

50

55

COMPOUND 6:

[0166]

EP 1 405 893 A1

88



10

20

25

30

35

40

45

50

55

COMPOUND 7:

[0167]

EP 1 405 893 A1

89



10

25

30

35

40

45

50

55

COMPOUND 8:

[0168]

EP 1 405 893 A1

90

- (C 8)



10

25

30

35

40

45

50

55

COMPOUND 9:

[0169]

EP 1 405 893 A1

CH3

sos oL

91



15

20

25

30

35

40

45

50

55

COMPOUND 10:

[0170]

EP 1 405 893 A1

92



30

35

40

45

50

55

COMPOUND 11:

[0171]

CH3

olg

L

o3

H3

EP 1 405 893 A1

93

-~ (C11)



15

20

25

30

35

40

45

50

55

COMPOUND 12:

[0172]

EP 1 405 893 A1

94

~ (C12)



10

15

25

30

35

40

45

50

55

COMPOUND 13:

[0173]

EP 1 405 893 A1

N(CH3)2

ra 4

jole
I
ol

. Z

N(CH3)?

95

- (C13)



10

25

30

35

40

45

50

55

COMPOUND 14:

[0174]

EP 1 405 893 A1

s

<
o> e

sle

z70»

aY

96



15

20

25

30

35

40

45

50

55

COMPOUND 15:

[0175]

EP 1 405 893 A1

97

~ (C15)



10

15

25

30

35

40

45

50

55

COMPOUND 16:

[0176]

EP 1 405 893 A1

C2Hs

olq

COLL

od

C2H5

98

~ (C186)



15

20

25

30

35

40

45

50

55

COMPOUND 17:

[0177]

CH3

CH3

EP 1 405 893 A1

99



15

20

25

30

35

40

45

50

55

COMPOUND 18:

[0178]

EP 1 405 893 A1

C2Hs

C2Hs

100

- (C138)



10

15

25

30

35

40

45

50

55

COMPOUND 19:

[0179]

2006

EP 1 405 893 A1

101

-~ (C19)



10

15

20

25

30

35

40

45

50

55

COMPOUND 20:

[0180]

Z

EP 1 405 893 A1

C(CHs)s

2]

olg
5600
O

pd

w

C(CH?3)3

102

- (C20)



10

25

30

35

40

45

50

55

COMPOUND 21:

[0181]

EP 1 405 893 A1

103

= (C21)



10

15

25

30

35

40

45

50

55

COMPOUND 22:

[0182]

EP 1 405 893 A1

(C 2 2)

104



15

20

25

30

35

40

45

50

55

COMPOUND 23:

[0183]

EP 1 405 893 A1

105

- (C23)



10

15

25

30

35

40

45

50

55

COMPOUND 24:

[0184]

EP 1 405 893 A1

CH3

CH3

(C24)

106



20

25

30

35

40

45

50

55

COMPOUND 25:

[0185]

EP 1 405 893 A1

C(CH3)3

w Z

Z

®
L
®

n Nz

C(CH3)3

o (C25)

107



10

15

20

25

30

35

40

45

50

55

COMPOUND 26:

[0186]

EP 1 405 893 A1

CH3

108

- (C26)



10

15

20

25

30

35

40

45

50

55

EP 1 405 893 A1
COMPOUND 27:

[0187]

CH3

O - (C27)

CH3

(E) Device Structure E

[0188] In Device Structure E, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
light emitting layer, an electron transporting layer, and an electron injecting electrode (cathode) are sequentially stacked
on a glass substrate.

[0189] In this case, the hole injecting electrode of the organic EL device has a thickness of 1000 A and is formed of
indium-tin oxide (ITO). The hole injecting layer has a thickness of 100 A and is formed of copper phthalocyanine
(hereinafter referred to as CuPc).

[0190] The hole transporting layer has a thickness of 500 A and is formed of NPB having the molecular structure of
Formula (23) shown before.

[0191] The light emitting layer has a thickness of 400 A, and contains, as a host material, Alq having the molecular
structure of Formula (24) above, and contains, as a red light emitting dopant, 2% of DCJTB having the molecular
structure of Formula (25) above, and also contains, as a light-emission assisting dopant, 5% of a rubrene derivative,
one of those shown above.

[0192] Examples 34-40 respectively used, as the light-emission assisting dopants, Compounds 1, 3,7, 8, 16, 17 and
18 represented by Formulas (C1), (C3), (C7), (C8), (C16), (C17) and (C18).

[0193] The electron transporting layer is formed of Alg with a thickness of 100 A. The electron injecting electrode is
formed of LiF/Al with a thickness of 2000 A.
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(F) Device Structure F

[0194] In Device Structure F, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
light emitting layer, an electron transporting layer, and an electron injecting electrode (cathode) are sequentially stacked
on a glass substrate.

[0195] In this case, the hole injecting electrode of the organic EL device has a thickness of 1000 A and is formed of
indium-tin oxide (ITO). The hole injecting layer has a thickness of 100 A and is formed of CuPc.

[0196] The hole transporting layer has a thickness of 500 A and is formed of NPB having the molecular structure of
Formula (23).

[0197] The light emitting layer has a thickness of 400 A, and contains Alq having the molecular structure of Formula
(24) as a host material, and 5% of a rubrene derivative, one of the rubrene derivatives shown above, as a light emitting
dopant.

[0198] Examples 41-67 respectively used Compounds 1-27 of Formulas (C1)-(C27) as the light emitting dopants.
[0199] The electron transporting layer is formed of Alg with a thickness of 100 A. The electron injecting electrode is
formed of LiF/Al with a thickness of 2000 A.

(G) Device Structure G

[0200] In Device Structure G, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
light emitting layer, an electron transporting layer, and an electron injecting electrode (cathode) are sequentially stacked
on a glass substrate.

[0201] In this case, the hole injecting electrode of the organic EL device has a thickness of 1000 A and is formed of
indium-tin oxide (ITO). The hole injecting layer has a thickness of 100 A and is formed of CuPc.

[0202] The hole transporting layer has a thickness of 500 A and is formed of NPB having the molecular structure of
Formula (23) shown above.

[0203] The light emitting layer has a thickness of 400 A, and contains NPB having the molecular structure of Formula
(23) as a host material, and 5% of a rubrene derivative, one of those shown above, as a light emitting dopant.
[0204] Examples 68-94 used Compounds 1-27 of Formulas (C1)-(C27) as light emitting dopants.

[0205] The electron transporting layer is formed of Alq with a thickness of 100 A. The electron injecting electrode is
formed of LiF/Al with a thickness of 2000 A.

(H) Device Structure H

[0206] In Device Structure H, a hole injecting electrode (anode), a hole injecting layer, a hole transporting layer, a
first light emitting layer, a second light emitting layer, an electron transporting layer, and an electron injecting electrode
(cathode) are sequentially stacked on a glass substrate.

[0207] In this case, the hole injecting electrode of the organic EL device has a thickness of 1000 A and is formed of
indium-tin oxide (ITO). The hole injecting layer has a thickness of 100 A and is formed of CuPc.

[0208] The hole transporting layer has a thickness of 400 A and is formed of NPB having the molecular structure of
Formula (23) shown above.

[0209] The first light emitting layer has a thickness of 100 A, and contains, as a host material, NPB having the
molecular structure of Formula (23), and contains, as a light emitting dopant(s), 2% (Examples 95-104) or 8% (Examples
105-108) of one or ones of rubrene derivatives shown above.

[0210] Examples 95-104 respectively used, as light emitting dopants in the first light emitting layer, Compounds 1,
1,3,7,8, 16,17, 18, 19 and 20 of Formulas (C1), (C1), (C3), (C7), (C8), (C16), (C17), (C18), (C19) and (C20).
[0211] The second light emitting layer has a thickness of 300 A, and contains, as a host material, diphenylanthracene
having the molecular structure of Formula (B2) and contains, as a light emitting dopant, 2% of perylene of Formula
(B3) shown earlier.

[0212] In Examples 105-108, in order to enhance the luminous efficiency of white and to increase the half bandwidth
of the spectrum to enhance color purity of white, the first light emitting layer was doped with two kinds of light emitting
dopants: an orange-emitting rubrene derivative and a green-emitting rubrene derivative.

[0213] Example 105 used Compound 1 of Formula (C1) and DtBuPN of Formula (A4) as light emitting dopants in
the first light emitting layer. Example 106 used Compound 1 of Formula (C1) and Compound 24 of Formula (C24) as
light emitting dopants in the first light emitting layer. Example 107 used Compound 7 of Formula (C7) and Compound
25 of Formula (C25) as light emitting dopants in the first light emitting layer. Example 108 used Compound 9 of Formula
(C9) and Compound 26 of Formula (26) as light emitting dopants in the first light emitting layer.

[0214] The electron transporting layer is formed of Alg with a thickness of 100 A. The electron injecting electrode is
formed of LiF/Al with a thickness of 2000 A.
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[0215] A positive bias voltage was applied to the hole injecting electrode of each organic EL device and a negative
bias voltage was applied to the electron injecting electrode, and luminescence characteristics of the devices were
measured.

[0216] Table 6 shows measurements of luminescence characteristics of the organic EL devices of Examples 34-40.
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As shown in Table 6, the organic EL devices of Examples 34-40 all provided red light emission with high color

purity. The organic EL devices of Examples 39-40 provided high luminous efficiency and high maximum luminance.
This shows that the use of the rubrene derivatives as light-emission assisting dopants is effective in enhancing the
luminous efficiency and maximum luminance.

[0218]
41-67.

Tables 7 and 8 show measurements of luminescence characteristics of the organic EL devices of Examples
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[0219] Asshownin Tables 7 and 8, the organic EL devices of Examples 41-60 provided orange-yellow light emission.
The organic EL devices of Examples 61-66 provided green light emission. The organic EL device of Example 67
provided red light emission. The organic EL devices of Examples 41-67 provided high luminous efficiency and high
maximum luminance. This shows that using the rubrene derivatives as light emitting dopants when Alq is used as the
host material is effective in enhancing the luminous efficiency and maximum luminance.

[0220] Tables 9 and 10 show measurements of luminescence characteristics of the organic EL devices of Examples
68-94.
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EP 1 405 893 A1

[0221] Asshownin Tables 9 and 10, the organic EL devices of Examples 68-87 provided orange-yellow light emission.
The organic EL devices of Examples 88-93 provided green light emission. The organic EL device of Example 94
provided red light emission. The organic EL devices of Examples 68-94 provided high luminous efficiency and high
maximum luminance. This shows that using the rubrene derivatives as light emitting dopants when NPB is used as a
host material is effective in enhancing the luminous efficiency and maximum luminance.

[0222] Table 11 shows measurements of luminescence characteristics of the organic EL devices of Examples 95-108.
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[0223] Asshownin Table 11, the organic EL devices of Examples 5 95-108 provided white light emission. The organic
EL devices of Examples 95-108 provided high luminous efficiency and high maximum luminance. This shows that
using the rubrene derivatives as light emitting dopants in the first light emitting layer is effective in enhancing the
luminous efficiency and maximum luminance.

[0224] In particular, Examples 105-108 used two kinds of light emitting dopants in the first light emitting layer: an
orange-emitting rubrene derivative and a green-emitting rubrene derivative, whereby the luminous efficiency of white
and the color purity of white were enhanced.

[0225] Thus, it was seen from Examples 34-108 that using the rubrene derivatives shown above as a light emitting
dopant or light-emission assisting dopant in a light emitting layer improves luminous efficiency and luminance.

Claims

1. An organic electroluminescent device comprising:
a hole injecting electrode;
an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer containing a rubrene derivative having a molecular structure represented by Formula

(1):

(1)

wherein R11-R15, R21-R25, R31-R35 and R41-R45 are the same or different and each represent a hydrogen
atom or a substituent, where the structure in which all are hydrogen atoms is excluded, and adjacent two of
R11-R15, adjacent two of R21-R25, adjacent two of R31-R35, and adjacent two of R41-R45 may be bonded to-
gether to form rings, and adjacent three of R11-R15, adjacent three of R21-R25, adjacent three of R31-R35, and
adjacent three of R41-R45 may be bonded together to form rings.

2. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer containing a rubrene derivative having a molecular structure represented by Formula

(2):
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wherein R11-R15 and R21-R25 are the same or different and each represent a hydrogen atom or a substit-
uent, adjacent two of R11-R15 and adjacent two of R21-R25 may be bonded together to form rings, and adjacent
three of R11-R15 and adjacent three of R21-R25 may be bonded together to form rings.

3. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer containing a rubrene derivative having a molecular structure represented by Formula

(3):

Ar1 Ar2 Ar3

R2 Ar4 Ar5 Aré

wherein Ar1-Ar6 are the same or different and each represent a hydrogen atom or'a substituent, R1 and R2
are the same or different and each represent a hydrogen atom or a substituent, and adjacent R1 and R2 may be
bonded together to form a ring.

4. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer containing a rubrene derivative having a molecular structure represented by Formula

(4):
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Arl Ar2 Ar3 Ard4 ArS

(D o

Ar6 Ar7 Ar8 Ar8 Arl0

wherein Ar1-Ar10 are the same or different and each represent a hydrogen atom or a substituent.

5. The organic electroluminescent device according to claim 1, wherein said rubrene derivative is 5,6,11,12-tetrakis
(naphth-2-yl)-naphthacene having a molecular structure represented by Formula (A1).

l%‘?

SOOO L

Sl

6. The organic electroluminescent device according to claim 1, wherein said rubrene derivative is 5,12-bis(4-(6-meth-
ylbenzothiazole-2-yl)phenyl)-6,11-diphenylnaphthacene represented by Formula (A2).

OO :
IO 000, e

7. The organic electroluminescent device according to claim 1, wherein said rubrene derivative is 5,6,11,12-tetrakis

9499
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(4-tert-butylphenyl)-naphthacene represented by

oC

OOOO wA3)
D0

8. The organic electroluminescent device according to claim 2, wherein said rubrene derivative is 5,12-bis(4-tert-
butylphenyl)-naphthacene represented by Formula (A4).

25

30

40

45

50

55

9. The organic electroluminescent device according to claim 2, wherein said rubrene derivative is 5,12-diphenylnaph-

thacene represented by Formula (A5).

tBu

:
000 e

®

tBu
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®

(LD e

®

10. The organic electroluminescent device according to claim 2, wherein said rubrene derivative is 5,12-bis(naphth-

2-yl)-naphthacene represented by Formula (A6).

&

LD e

ip

11. The organic electroluminescent device according to claim 2, wherein said rubrene derivative is 5,12-bis(pyrene-

1-yl)-naphthacene represented by Formula (A7).
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QD ~en

55

12. The organic electroluminescent device according to claim 3, wherein said rubrene derivative is 5,6,13,14-6-tetrak-
isphenyl-pentacene represented by Formula (A8).

13. The organic electroluminescent device according to claim 3, wherein said rubrene derivative is 6,13-bis(4-(6-meth-
ylbenzothiazole-2-yl)phenyl)-pentacene represented by Formula (A9).
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CH3

- (A9)

H3

14. The organic electroluminescent device according to claim 4, wherein said rubrene derivative is 5,6,11,12-tetraki-
sphenyl-1,2-benzo-(3,4-benzo-)naphthacene represented by Formula (A10).

.
L
OC

15. The organic electroluminescent device according to claim, wherein said light emitting layer contains a host material,
a light emitting dopant, and a first light-emission assisting dopant, and said first light-emission assisting dopant is
composed of said rubrene derivative.

16. The organic electroluminescent device according to claim 15, wherein said light emitting layer further contains a
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second light-emission assisting dopant.

17. The organic electroluminescent device according to claim 1, wherein said light emitting layer contains a host ma-
terial and a light emitting dopant, and said light emitting dopant is composed of said rubrene derivative.

18. The organic electroluminescent device according to claim 15, wherein the content of said light emitting dopant is
not less than 0.1 percent by weight nor more than 50 percent by weight, with respect to said host material.

19. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C1),
and

a second light emitting layer that contains a luminescent material that emits blue light.

CHa3

ole
o
sls

20. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

afirst light emitting layer that contains a compound having a molecular structure represented by Formula (C2),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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CH3 CH3

ole
soso IR
ole

nzz"wn

H3 H3

21. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C3),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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OCH3

ole
sosclNL
sle

OCH3

22. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C4),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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CHa

00
seoo L
sle

wzz"wn

H3 H3

23. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C5),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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24. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C6),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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25. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C7),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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26. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C8),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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27. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula (C9),
and

a second light emitting layer that contains a luminescent material that emits blue light.
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28. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C10), and

a second light emitting layer that contains a luminescent material that emits blue light.
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29. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C11), and

a second light emitting layer that contains a luminescent material that emits blue light.
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30. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C12), and

a second light emitting layer that contains a luminescent material that emits blue light.

143



25

30

35

40

45

50

55

EP 1 405 893 A1

ole
sos ol
sle

31. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C13), and

a second light emitting layer that contains a luminescent material that emits blue light.
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32. An organic electroluminescent device comprising:

a hole injecting electrode; ,

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C14), and

a second light emitting layer that contains a luminescent material that emits blue light.
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33. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode;
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C15), and

a second light emitting layer that contains a luminescent material that emits blue light.

146



(]

10

15

20

25

30

35

40

45

50

55

EP 1 405 893 A1

- (C15)

34. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C16), and

a second light emitting layer that contains a luminescent material that emits blue light.
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35. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C17), and

a second light emitting layer that contains a luminescent material that emits blue light.
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36. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C18), and

a second light emitting layer that contains a luminescent material that emits blue light.
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37. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C19), and

a second light emitting layer that contains a luminescent material that emits blue light.
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38. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising,

a first light emitting layer that contains a compound having a molecular structure represented by Formula
(C20), and

a second light emitting layer that contains a luminescent material that emits blue light.

151



25

30

35

40

45

50

55

EP 1 405 893 A1

C(CH233

00 e
000
)

z7w»

C(CH3)3

39. An organic electroluminescent device comprising:

a hole injecting electrode;

an electron injecting electrode; and

a light emitting layer provided between said hole injecting electrode and said electron injecting electrode,
said light emitting layer comprising a first light emitting layer that contains at least one compound selected
from the group consisting of compounds having molecular structures represented by Formulas (C1)-(C20)
and at least one compound selected from the group consisting of compounds represented by Formulas (A4)
-(A7), (A10), and (C21)-(C27), and a second light emitting layer that contains a luminescent material that emits
blue light.
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40. A luminescent material having a molecular structure represented by Formula (1):

(1)

wherein R11-R15, R21-R25, R31-R35 and R41-R45 are the same or different and each represent a hydrogen
atom or a substituent, where the structure in which all are hydrogen atoms is excluded, and adjacent two of
R11-R15, adjacent two of R21-R25, adjacent two of R31-R35, and adjacent two of R41-R45 may be bonded to-
gether to form rings, and adjacent three of R11-R15, adjacent three of R21-R25, adjacent three of R31-R35, and
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adjacent three of R41-R45 may be bonded together to form rings.

41. A luminescent material having a molecular structure represented by Formula (2):

wherein R11-R15 and R21-R25 are the same or different and each represent a hydrogen atom or a substit-
uent, adjacent two of R11-R15 and adjacent two of R21-R25 may be bonded together to form rings, and adjacent
three of R11-R15 and adjacent three of R21-R25 may be bonded together to form rings.

42. A luminescent material having a molecular structure represented by Formula (3):

Art1 Ar2z Ar3

R2 -Ar4 Ar5 Ar6

wherein Ar1-Ar6 are the same or different and each represent a hydrogen atom or a substituent, and R1 and
R2 are the same or different and each represent a hydrogen atom or a substituent, and adjacent R1 and R2 may
be bonded together to form a ring.

43. A luminescent material having a molecular structure represented by Formula (4):
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Arl Ar2 Ar3 Ard4 ArS

(D

Ar6 Ar7 Ar8 Ar8 Ari0

wherein Ar1-Ar10 are the same or different and each represent a hydrogen atom or a substituent.
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formula (C3) stated in claim 21, formula (C4) stated in claim 22, formula
(C5) stated in claim 23, formula (C6) stated in claim 24, formula (C7)
stated in claim 25, formula (C8) stated in claim 26, formula (C9) stated
in claim 27, formula (Cl0) stated in claim 28, formula (Cll) stated in
claim 29, formula (C1l2) stated in claim 30, formula (C1l3) stated in claim
31, formula (Cl4) stated in claim 32, formula (Cl5) stated in claim 33,
formula (C1l6) stated in claim 34, formula (Cl7) stated in claim 35,
formula (C18) stated in claim 36, formula (Cl9) stated in claim 37, or
formula (C20) stated in claim 38. An emitting material expressed by
formula (1) of claim 40.

{2) An organic EL device comprising an emitting layer containing a
compound expressed by formula (2) stated in claim 2, formula (A4) stated
in claim 8, formula (A5) stated in claim 9, or formula (A6) stated in
claim 10, or formula (A7) stated in claim 11, or formula (A9) stated
in claim 13. An emitting material expressed by formula (2) of claim 41.

(3) An organic EL device comprising an emitting layer containing a
compound expressed by formula (3) stated in claim 3, or formula (Al0)
stated in claim 14. An emitting material expressed by formula (3) of
claim 42.

(4) An organic EL device comprising an emitting layer containing a
compound expressed by formula (4) stated in claim 4, formula (A8) stated
in claim 12, or formula (A9) stated in claim 13. An emitting material
expressed by formula (4) of claim 43.

(Claim 15 does not refer to any other claims, and therefore the
invention is unclear. The inventions of claims 16, 18 are also unclear
since they refer to claim 15. The invention of claim 39 relates to an
organic electroluminescence device containing a compound selected from
those expressed by formulas (Cl to €20, A4 to A7, Al0, C21 to C27).
Therefore the invention relates to all the groups (1) to (4))

The “technical feature” common to any two groups of the four groups
(1) to (4) is an organic electroluminescence device that comprises an
emitting layer containing a compound with a naphthacene skeleton. Such
an organic electroluminescence device that comprises an emitting layer
containing the compound is known, without needing to cite a document.
Consequently, the technical feature cannot be considered as a special
technical feature within the meaning of PCT Rule 13.2.

Therefore, there is no “special technical features” common to all the
groups (1), (2), (3), (4).
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