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(57) ABSTRACT

An organic electroluminescence (EL) material and an organic
EL device including the same, the organic electrolumines-
cence (EL) material being represented by following Chemi-
cal Formula 1:
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ORGANIC ELECTROLUMINESCENCE
MATERIAL AND ORGANIC
ELECTROLUMINESCENCE DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No. 2012-230969, filed
on Oct. 18,2012, in the Japanese Patent Office, and entitled:
“ORGANIC ELECTROLUMINESCENCE MATERIAL
INCLUDING AMINE DERIVATIVE INCLUDING 5,10-
DIARYL-5,10-DIHYDROPHENAZINE AND ORGANIC
ELECTROLUMINESCENCE DEVICE USING THE
SAME,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002]

[0003] Embodiments relate to an organic electrolumines-
cence (EL) material and an organic EL device including the
same.

[0004]

[0005] Recently, development on an organic EL display
apparatus as an image display apparatus has been considered.
Different from a liquid crystal display apparatus, the organic
EL display apparatus is a self-emission type display appara-
tus in which an image is displayed through recombining holes
and electrons (injected from an anode and a cathode, respec-
tively) in an emission layer, and through emitting light from
an emitting material including an, e.g., organic, compound in
the emission layer.

[0006] An EL device may include, e.g., an organic EL
device including an anode, a hole transport layer on the
anode, an emission layer on the hole transport layer, an elec-
tron transport layer on the emission layer, and a cathode on
the electron transport layer. The holes may be injected from
the anode, and the injected holes may be injected layer. The
holes may be injected from the anode, and the injected holes
may be injected via the hole transport layer into the emission
layer. The electrons may be injected from the cathode, and the
injected electrons may be injected via the electron transport
layer to the emission layer. Through the recombination of the
holes and the electrons injected into the emission layer, exci-
tons are produced in the emission layer. The organic EL
device may emit light using the light generated from the
radiation and deactivation of the excitons. The organic EL
device may include various modifications and is not limited to
the constitution explained above.

1. Field

2. Description of the Related Art

SUMMARY

[0007] Embodiments are directed to an organic electrolu-
minescence (EL) material and an organic EL device including
the same.

[0008] The embodiments may be realized by providing an
organic electroluminescence (EL) material represented by
following Chemical Formula 1:
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[0009] wherein X is amonovalent group represented by one
of following Chemical Formulae (2) to (14), each Ar is inde-
pendently an aryl group having 6 to 18 carbon atoms or a
heteroaryl group having 6 to 18 carbon atoms, R is an aryl
group having 6 to 18 carbon atoms, a heteroaryl group having
610 18 carbon atoms, or an alkyl group having 1 to 12 carbon
atoms, and a to ¢ are natural numbers satisfying a<3, b<3, and
¢<3, and a, b, and ¢ do not equal zero,
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[0011] The organic EL material represented by Chemical
(7 Formula (1) may be a hole injecting material.

[0012] The organic EL material represented by Chemical

Formula (1) may be one of Compounds 1 to 13, below:
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[0010] The organic EL material represented by Chemical O

Formula (1) may be a hole transporting material.
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[0013] Theembodiments may also be realized by providing
an organic EL device comprising an organic EL. material

1 represented by following Chemical Formula (1):

@

[0014] wherein X is amonovalent group represented by one
of following Chemical Formulae (2) to (14), each Ar is inde-
pendently an aryl group having 6 to 18 carbon atoms or a
heteroaryl group having 6 to 18 carbon atoms, R is an aryl
group having 6 to 18 carbon atoms, a heteroaryl group having
610 18 carbon atoms, or an alkyl group having 1 to 12 carbon

atoms, and a to ¢ are natural numbers satisfying a<3, b<3, and
¢<3, and a, b, ¢ do not equal zero,
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[0015] The organic EL material may be a hole transporting
material.

(14)

[0016] The organic EL material may be a hole injecting
material.

[0017] The organic EL material represented by Chemical
Formula (1) may be one of Compounds 1 to 13, below:
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/@ BRIEF DESCRIPTION OF THE DRAWING

N [0018] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-

N 0 ence to the attached drawing in which:

[0019] FIG. 1 is a schematic diagram of elements of an
organic EL device according to an embodiment.

11
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DETAILED DESCRIPTION

[0020] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
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should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.

[0021] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0022] Embodiments provide a compound or material for
an electroluminescence device. In an implementation, the
compound may include an amine derivative, e.g., a 5,10-
diaryl-5,10-dihydrophenazine group. In an implementation,
the compound or material according to an embodiment may
be used as a hole transporting material applicable in a hole
transport layer of an organic EL device. An organic EL device
including the material according to an embodiment may
exhibit improved emission efficiency and increased lifetime.

[0023] The embodiments may provide a compound for an
electroluminescence device. In an implementation, the com-
pound may be an amine derivative. The amine derivative
according to an embodiment may include, e.g., a 5,10-diaryl-
5,10-dihydrophenazine group. The compound according to
an embodiment may be used as the hole transporting material
of the hole transport layer of an organic EL device. In an
implementation, the compound according to an embodiment
may be represented by the following Chemical Formula (1).

M

[0024] In Chemical Formula (1), X may be a monovalent
group represented by one of following Chemical Formulae
(2) to (14). In an implementation, * represents a bonding site
with a nitrogen atom of Chemical Formula (1).
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[0025] In Chemical Formula (1), each Ar may indepen-
dently be an aryl group having 6 to 18 carbon atoms or a
heteroaryl group having 6 to 18 carbon atoms. For example,
the Arbracketed by ‘a’may be an arylene group having 6 to 18
carbon atoms or a heteroarylene group having 6 to 18 carbon
atoms. R may be an aryl group having 6 to 18 carbon atoms,
a heteroaryl group having 6 to 18 carbon atoms, or an alkyl
group having 1 to 12 carbon atoms. In an implementation, R
may be the aryl group having 6 to 18 carbon atoms or the
heteroaryl group having 6 to 18 carbon atoms, e.g., R may be
the aryl group having 6 to 18 carbon atoms. In Chemical

Formula (1), a to ¢ may be natural numbers satisfying a<3,
b<3, and c<3, and a, b, and ¢ may not equal zero.

[0026] The compound according to an embodiment may
include the amine derivative including the 5,10-diaryl-5,10-
dihydrophenazine group, and may include a 5,10-diaryl-5,
10-dihydrophenazine skeleton. In the compound according to
an embodiment, dimethylfluorene, dibenzofuran, diben-
zothiophene, phenothiazine, phenoxazine, or the like, substi-
tuted at an amine group, may be substituents having plenty of
electrons. Thus, hole transporting efficiency may be
improved. According to an embodiment, hole transporting
properties may be further improved by introducing a phe-
nothiazine group having plenty of electrons in an aryl amine
group showing good hole transporting properties. In addition,
in the compound according to an embodiment, the planarity
of a molecule may be broken by introducing an aryl group or
aheteroaryl group, e.g., a phenylene group, between an amine
and phenazine. Thus, a glass transition temperature may be
increased. When the compound is used as the hole transport-
ing material, crystallization during driving of the organic EL
device may not easily occur, and durability of the hole trans-
port layer may be improved. In an implementation, a substitu-
ent of the phenazine may be an aryl group, a heteroaryl group,
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or an alkyl group. Thus, electron distribution of HOMO may
be changed, and the transporting properties of the holes may
be considered to be improved. The compound according to an
embodiment may be used as the hole transporting material.
Accordingly, the emission efficiency of the organic EL device
in a blue light emitting region and a green light emitting
region may be increased, and the lifetime may be increased.

[0027] According to an embodiment, the compound may
have a low ionization potential and may be liable to be oxi-
dized. Thus, the compound according to an embodiment may
be appropriately used as the material of the hole transport
layer, and/or as a material for a hole injection layer optionally
disposed between the anode and the hole transport layer in the
organic EL device.

[0028] Examples of the compound according to anembodi-
ment may be represented by the following Compounds 1 to
13.
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[0029] In an implementation, Compound 2, Compound 4,

and Compound 10, above, may be used as the hole transport-
ing material or the hole injecting material of an organic EL
device. In an implementation, a tertiary amine may make a
bond at a para position of an aryl of the compound.

[0030]
Examples are provided in order to highlight characteristics of

The following Examples and Comparative
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples

[0031]
according to an embodiment will be explained in the follow-

For example, a synthetic method of the compound

ing Reaction Scheme 8 for forming Compound 2.
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Reaction Scheme 8

1)PhLi(1.3 eq.)
o-xylene, r.t. 2 h

—_—
2YMeOH, 0°C., 1 h

4-bromoiodobenzene
(0.75 eq.)
NaOBu (1.5 eq.)
P(‘Bu); (0.015 eq.)
Pd(OAc), (0.02 eq.)
_—  »

xylene, 120°C,, 1.5h

QNNH

aOaw,

(1.3eq.)
NaO'Bu (1.5 eq.)
P(‘Bu); (0.015 eq.)

Pd(dba); (0.02 eq.)
toluene, 80° C., 4 h

4
»

A(70%)

oy

2 (71%)

[0032] First, 2.01 g of phenazine and 15.4 m1 (1.07 M, 1.3
eq) of phenyl lithium were stirred in an o-xylene solvent at
room temperature for 2 hours. Then, 5.0 ml of methanol was
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added and stirred at 0° C. for 1 hour to prepare 10-phenyl-5-
hydrophenazine. Into 10-phenyl-5-hydrophenazine, 2.42 g
(0.75 eq) of 4-bromoiodobenzene, 2.71 g (1.5 eq) of sodium-
tert-butoxide, 0.03 g (0.015 eq) of tri-tert-butylphosphine,
and 0.05 g (0.02 eq) of palladium acetate were added, and
stirred in a xylene solvent at 120° C. for 1.5 hours to obtain
Compound A with the yield of 75%. Into 1.50 g of Compound
A, 1.13 g (1.3 eq) of 9,9-dimethyl-N-(4-phenylphenyl)fluo-
rene-2-amine, 0.52 g (1.5 eq) of sodium-tert-butoxide, 0.01 g
(0.015 eq) of tri-tert-butylphosphine, and 0.08 g (0.02 eq) of
bis(dibenzylideneacetone)palladium were added and stirred
in atoluene solvent at 80° C. for 4 hours to obtain Compound
2 with the yield of 71%.

Example

[0033] Emission efficiency of an organic EL device manu-
factured by using the compound according to an embodiment
as the material of a hole transport layer was measured. The
material of the hole transport layer of the organic EL device
was above-mentioned Compound 1, which is also illustrated
below. In addition, as Comparative Examples, Comparative
Compound 1 and Comparative Compound 2, below, were
used as the material of the hole transport layer of the organic
EL device.

Comparative Compound 1

5o
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Comparative Compound 2

[0034] The constitution of an organic EL device used for
the measurement is illustrated in FIG. 1. Referring to FIG. 1
the organic EL device 100 included a glass substrate 102, an
anode 104 on the glass substrate 102 and formed by using
indium tin oxide (ITO), a hole injection layer 106 on the
anode 104 and including 4,4',4"-tris(N-(1-naphthyl}-N-phe-
nylamino)triphenylamine (1-TNATA), a hole transport layer
108 on the hole injection layer 106 and including one of
Compound 1, Comparative Compound 1, or Comparative
Compound 2, an emission layer 110 on the hole transport
layer 108 and formed by using a host material including
9,10-di(2-naphthyl)anthracene (AND) doped with tetra-t-bu-
tylperylene (TBP) at 3% concentration, an electron transport
layer 112 on the emission layer 110 and including Alq3, an
electron injection layer 114 on the electron transport layer
112 and including LiF, and a cathode 116 on the electron
injection layer 114 and including Al. The thickness of the
anode 104 was 150 nm, the thickness of the hole injection
layer 106 was 60 nm, the thickness of the hole transport layer
108 was 30nm, the thickness of the emission layer was 25 nm,
the thickness of the electron transport layer 112 was 25 nm,
the thickness of the electron injection layer 114 was 1 nm, and
the thickness of the cathode 116 was 100 nm.

[0035] The emission efficiency of the organic EL device
100 was measured when Compound 1, Comparative Com-
pound 1, or Comparative Compound 2 was used as the mate-
rial of the hole transport layer 108, by flowing current from a
power source through the anode 104 and the cathode 116 to
the organic EL device 100. The results are illustrated in the
Table 1.

TABLE 1
Comparative ~ Comparative
Compound 1 compound 1 compound 2
Voltage (V) 7.6 7.5 8.1
Current 6.4 6.2 5.3
efficlency (cd/A)
Half life (hr) 2,200 1,500 1,200

[0036] The current efficiency was measured at 10 mA/cm?.
The half life was measured at 1,000 cd/m?.

[0037] As may be seen in Table 1, the organic EL device
manufactured by using Compound 1 as the material of the
hole transport layer exhibited improved emission efficiency

13
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and increased lifetime, when compared with those of the
organic EL devices manufactured by using Comparative
compound 1 and Comparative compound 2 as the hole trans-
porting materials.

[0038] As described above, by using the compound accord-
ing to an embodiment as the material of the organic EL
material, e.g., as the material of the hole transport layer, the
emission efficiency of the organic EL device in a blue light
emitting region and a green light emitting region was
improved, and the lifetime thereof was increased. Further, the
compound according to an embodiment may be used as the
material of the hole injection layer of the organic EL device,
as well as the hole transport layer, and the same effect may be
obtained in both cases. In an implementation, the compound
according to an embodiment may be between the anode and
the emission layer. In an implementation, the compound
according to an embodiment may contact the anode. In an
implementation, the compound according to an embodiment
may contact the emission layer. In an implementation, the
compound according to an embodiment may be used as the
material of a passive type organic EL material. In an imple-
mentation, the compound according to an embodiment may
be used as the organic EL material of an active type organic
EL device. In this case, the emission efficiency of the active
type organic EL device may be improved and the lifetime
thereof may be increased.

[0039] An organic EL device including the compound
according to an embodiment as the material of a hole trans-
port layer, may be used in an organic EL display apparatus or
an illumination system.

[0040] By way of summation and review, an organic EL
device having high efficiency and a long lifetime may be
satisfactorily applied to an organic EL device for a display
apparatus. Cousideration of normalization, stabilization,
durability, or the like of a hole transport layer may increase
the efficiency and the lifetime of the organic EL device.
[0041] Hole transporting materials applicable in the hole
transport layer may include, e.g., anthracene derivatives, aro-
matic amine compounds, or the like. In addition, 5,10-dihy-
drophenazine derivatives have been considered as useful
materials for increasing the lifetime of the device. 5,10-dihy-
drophenazine and the derivatives thereof may have a small
planar structure in a ligand portion thereof. Thus, crystalliza-
tion during the driving of an organic EL device may be diffi-
cult, and the durability of the hole transport layer may be
increased. The 5,10-dihydrophenazine derivatives may be
used as the raw materials of the hole transport layer, and may
be appropriately used as the raw materials of a hole injection
layer or a buffer layer optionally disposed between an anode
and a hole transport layer. However, an organic EL device
manufactured by using the above-described materials may
not have a sufficient emission lifetime. Thus, an organic EL
device capable of being driven with higher efficiency by a low
voltage and having long lifetime may be desirable. For
example, the emission efficiency of the organic EL, device
may be low in a blue light emitting region, when compared
with a red light emitting region and a green light emitting
region. Thus, the improvement of the emission efficiency in
the blue light emitting region may be desirable.

[0042] Theembodiments may provide an organic EL mate-
rial capable of manufacturing an organic EL device having
improved emission efficiency and increased lifetime.

[0043] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
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are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. An organic electroluminescence (EL) material repre-
sented by following Chemical Formula 1:

)
X

|
A
K,

wherein X is a monovalent group represented by one of
following Chemical Formulae (2) to (14), each Ar is
independently an aryl group having 6 to 18 carbon atoms
or a heteroaryl group having 6 to 18 carbon atoms, R is
an aryl group having 6 to 18 carbon atoms, a heteroaryl
group having 6 to 18 carbon atoms, or an alkyl group
having 1 to 12 carbon atoms, and a to ¢ are natural
numbers satisfying a<3, b<3, and ¢<3, and a, b, and ¢ do
not equal zero,
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2. The organic EL material as claimed in claim 1, wherein
the organic EL material represented by Chemical Formula (1) N
is a hole transporting material. |
3. The organic EL. material as claimed in claim 1, wherein p
the organic EL material represented by Chemical Formula (1) 3
is a hole injecting material. N

4. The organic EL material as claimed in claim 1, wherein
the organic EL material represented by Chemical Formula (1)

is one of Compounds 1 to 13, below: O

\
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5. An organic EL device comprising an organic EL, material
represented by following Chemical Formula (1):

Ol
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wherein X is a monovalent group represented by one of fol-
lowing Chemical Formulae (2) to (14), each Ar is indepen-
dently an aryl group having 6 to 18 carbon atoms or a het-
eroaryl group having 6 to 18 carbon atoms, R is an aryl group
having 6 to 18 carbon atoms, a heteroaryl group having 6 to 18
carbon atoms, or an alkyl group having 1 to 12 carbon atoms,
and a to ¢ are natural numbers satisfying a<3, b<3, and ¢<3,
and a, b, ¢ do not equal zero,
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6. The organic EL device as claimed in claim 5, wherein the
organic EL material is a hole transporting material.

7. The organic EL device as claimed in claim 5, wherein the
organic EL material is a hole injecting material.

8. The organic EL device as claimed in claim 5, wherein the
organic EL. material represented by Chemical Formula (1) is
one of Compounds 1 to 13, below:
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