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(57) ABSTRACT

Disclosed is a novel compound of Formula 1 and an organic
electroluminescent device using the same. In Formula 1, X
andY independently represents a hydrogen, an aromatic or a
hetero aromatic hydrocarbon having C5 to C10 carbons; X
and’Y may be the same or different; Ar, to Ar, each represent
a hydrogen, an unsubstituted or substituted aromatic hydro-
carbon having C4 to C12 carbons, or an unsubstituted or
substituted condensed polycyclic aromatic hydrocarbon hav-
ing C4 to C12 carbons; Ar, to Ar, can form a fused aromatic
ring system with the adjacent aromatic hydrocarbons. The
compound of Formula 1 is present in the electron injection or
a transport material, or an exciton blocking layer in the
organic light emitting device, and thereby improving the
device stability, lowering the operational voltage.
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ELECTRON TRANSPORTING COMPOUNDS
AND ORGANIC ELECTROLUMINESCENT
DEVICES USING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to organic electrolu-
minescent devices with non-emissive materials, and more
specifically, to an organic electroluminescent device with a
non-emissive material having a fused ring structure for emit-
ting white lights.

[0003] 2. Description of Related Art

[0004] Organic light-emitting devices (OLED) are gaining
attraction in the recent years as the active displays owing to
their characteristics such as high brightness, quick refresh
rate and wide color gamut and are more suitable for portable
electronic applications.

[0005] In general, an OLED comprises an anode, a hole
transport layer, an emitting layer, an electron transport layer
and a cathode, which are deposited one over the other sequen-
tially, by means of vacuum deposition or coating techniques.
When a voltage is applied, the anode injects holes and the
cathode injects electrons into the organic layer(s). The
injected holes migrate to the emitting layer through the hole
transporting layer and the electrons migrate to the light emit-
ting layer through the electron transporting layer. In the emit-
ting layer, the holes and electrons recombine to produce exci-
tons. Light is emitted when the exciton relaxes through a
photoemissive mechanism.

[0006] The reason for manufacturing an organic electrolu-
minescent (EL) display with a multi-layered thin film struc-
ture includes stabilization of the interfaces between the elec-
trodes and the organic layers. In addition, in organic
materials, the mobility of electrons and holes significantly
differ, and thus, if appropriate hole transporting and electron
transporting layers are used, holes and electrons can be effi-
ciently transferred to the luminescent layer. Also, if the den-
sity of the holes and electrons are balanced in the emitting
layer, luminous efficiency can be increased. The proper com-
bination of organic layers described above can enhance the
device efficiency and lifetime. However, it has been very
difficult to find an organic material that satisfies all the
requirements for use in practical display applications.
[0007] Tris(8-hydroxyquinoline)aluminum (Alq,)is one of
the widely used electron transporting material; however, it
has an intense green emission and devices using the same
exhibits higher driving voltages. Therefore, it is crucial to find
an electron transporting molecule that has excellent propet-
ties compared to the conventional material in all practical
aspects, such as high efficiency, reduced driving voltage and
operational stability.

[0008] Organic small molecules having imidazole groups,
oxazole groups and thiazole groups have been frequently
reported as materials for electron injection and transportation
layers, as described in the literature Chem. Mater. 2004, No.
16, p. 4556.

[0009] U.S. Pat.No. 5,645,948 and U.S. Pat. No. 5,766,779
disclose a representative material, 1,3,5-tris(1-phenyl-1H-
benzimidazol-2-yl)benzene (TPBI), for electron transporta-
tion having blue emission. TPBI has three N-phenyl benzimi-
dazole groups, in 1,3,5-substitution sites of benzene and
functions both as an electron transporting and an emitting
material. However, TPBI has lower operational stability.
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[0010] U.S. Pat. No. 6,878,469 discloses a compound,
wherein the 2-phenyl benzimidazolyl group is linked to the
C-2, C-6 positions of anthracene framework.
US20080125593, KR20100007143 discloses electron trans-
porting materials comprising imidazopyridyl or benzimida-
zolyl groups in its molecular skeleton, exhibiting low driving
voltage and high efficiency. However, these materials also
lack operational stability.

[0011] Fluoranthene derivatives are well known in the art as
being useful as light emitting compounds, have been dis-
closed in JP2002069044, JP2005320286, US20070243411,
W02008059713, W0O2011052186. U.S. Pat. No. 7,879,465
and U.S. Pat. No. 8,076,009 disclose the use of annulated
fluoranthene in the electron injection and electron transport-
ing layers. However, these devices do not have all desired EL
characteristics in terms of high luminance, operational stabil-
ity and reduced driving voltage.

[0012] Therefore, an OLED with prolonged the lifetime
stability and reduced operational voltages is indeed required.

SUMMARY OF THE INVENTION

[0013] Itis an object of the present invention to provide an
OLED device with the above desired properties of prolonged
the lifetime stability and reduced an operational voltage, and
is capable of emitting white lights.

[0014] Inorder to achieve the aforesaid and other purposes,
the present invention provides an OLED device including a
cathode, an anode, an emitting layer, and a non-emitting
electron transporting layer interposed between the cathode
and the emitting layer. In one embodiment, the non-emitting
electron transporting layer contains a compound of Formula
1 below at a concentration ranging from 25% to 90%.

Formula 1

AT
H >

[0015] In Formula 1. X and Y independently represents a
hydrogen, an aromatic or a hetero aromatic hydrocarbon hav-
ing C5 to C10 carbons; X and'Y may be the same or different;
Ar, to Ar, each represents a hydrogen, an unsubstituted or
substituted aromatic hydrocarbon having C4 to C12 carbons
from, or an unsubstituted or substituted condensed polycyclic
aromatic hydrocarbon having C4 to C12 carbons; Ar, to Ar,
may form a fused aromatic ring system with the adjacent
aromatic hydrocarbons.

[0016] Inanother embodiment, the OLED further includes
an organic layer at a thickness of between 1 nm and 500 nm.

[0017] Inafurtherembodiment, the OLED further includes
an electron transport layer, an electron injection layer, a light
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emitting layer, a hole block layer or electron block layer, in _continued

which the compound represented by Formula 1 is contained.

[0018] Inyetanotherembodiment, the OLED further com-

prises an n-dopant material or a fluorescent or phosphores-

cent emitter to be used in combination with the compound

represented by Formula 1. B

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 is a cross-sectional view illustrating one
example of an organic light emitting device according to an
embodiment of the present invention;

[0020] FIG. 2 is a cross-sectional view illustrating an

example of an organic light emitting device according to O O
another embodiment of the present invention; QQ

27

[0021] FIG. 3 is a cross-sectional view illustrating an
example of an organic light emitting device according to yet
another embodiment of the present invention;

[0022] FIG. 4 shows the electroluminescent spectrum of a
blue fluorescent organic electroluminescent device according
to the present invention; and

[0023] FIG. 5 shows the electroluminescent spectrum of a
green phosphorescent organic electroluminescent device
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED €
EMBODIMENTS

[0024] Thefollowing specific embodiments are provided to

illustrate the disclosure of the present invention. These and O
other advantages and effects can be easily understood by

those skilled in the art after reading the disclosure of this
specification.

[0025] A compound for an organic electroluminescent ’
device according to this invention is represented Formula (T).

In the Formula (I), X and Y independently represents a hydro-

gen, an aromatic or a hetero aromatic hydrocarbon having C5

to C10 carbons from; X and Y may be the same or different;

Ar, to Ar, each represents a hydrogen, an unsubstituted or

substituted aromatic hydrocarbon having C4 to C12 carbons,
or an unsubstituted or substituted condensed polycyclic aro-
matic hydrocarbon having C4 to C12 carbons; Ar, to Ar, can
form a fused aromatic ring system with the adjacent aromatic
hydrocarbons.

[0026] Preferable examples of the compounds represented
by the aforementioned Formula (I) are shown below (A to L)
but not limited to.
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-continued

[0027] Various aryl substituted benzofluoranthenes may be
prepared by following similar literature procedures given in
Journal of the American Chemical Society 1949, vol. 71 (6),
p- 1917; Journal of Nanoscience and Nanotechnology 2008,
8(9), p. 4787. Symmetrical 1,3-diarylisobenzofurans, used as
the starting material for the preparation of the benzofluoran-
thenes were synthesized following the procedure provided in
Synlett, 2006, 13, p. 2035. They were then converted to the
corresponding bromo analogues of aryl substituted fluoran-
thenes adapting similar procedures given in various litera-
tures.

[0028] Suzuki coupling of the brominated fluoranthenes
with  (4-(1-phenyl-1H-benzo[d]imidazol-2-yl)phenyl)bo-
ronic acid has been employed to synthesize compounds rep-
resented by Formula 1, as shown below.

i Q
o A -
N
.
OQ -
Ary /O/L N
Y
(HO),B

Pd(PPh3)4/K5CO3
Toluene/EtOH/H,0

OO
poed

Y

X

[0029] The compound represented by Formula 1 may be
included in an organic layer of an organic electroluminescent
device (EL). Therefore, the organic electroluminescent
device of the present invention has at least one organic layer
interposed between an anode and a cathode piled one upon
another on a substrate, and the organic layer includes the
aforementioned compound represented by the Formula 1 as
described earlier. Here the organic layer may be an emitting
layer, a hole block layer, an electron transport layer, electron
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injection layer or a hole transport layer. The organic layer
including the compound represented by the Formula 1 may
preferably be included in the electron transport/injection
layer and in combination with electrically injecting dopants
(0/p type).

[0030] Electrically conducting (n/p type) dopants to be
used in the electron transport layer are preferably organic
alkali/alkaline metal complexes, oxides, halides, carbonates,
phosphates of alkali/alkaline group metals containing at least
one metal selected from lithium and cesium. Such organic
metal complexes are known in the aforementioned patent
documents and elsewhere and a suitable complex can be
selected from them and used in this invention.

[0031] The content of the aforementioned electrically
injecting dopant in the electron transport/electron injection
layer is preferably in the range of 25 wt % to 75 wt % .
[0032] Further, the compound represented by any of For-
mula 1 may be included in the layer between emitting layer
and electron transport layer. The emitting layer may include
fluorescent and phosphorescent dopants and the correspond-
ing fluorescent and phosphorescent host emitters, respec-
tively.

[0033] Furthermore, the compounds represented by For-
mula 1 may be used in the electron injecting/transporting
layer or hole blocking layer and/or electron blocking layer.
[0034] The structure of the organic electroluminescent
device of this invention will be explained with reference to the
drawing, but not limited thereto.

[0035] FIG. 1 1s a schematic view showing an organic light
emitting device according to an embodiment of the present
invention. An organic light emitting device 100 includes a
substrate 110, an anode 120, a hole injection layer 130, a hole
transport layer 140, an emissive layer 150, an electron trans-
port layer 160, an electron injection layer 170, and a cathode
180. The organic light emitting device 100 may be fabricated
by depositing the layers described in order. FIG. 2 is a sche-
matic view showing an organic light emitting device accord-
ing to another embodiment of the present invention, which is
similar to FIG. 1, except that an exciton blocking layer 245 is
disposed on a hole transport layer 240 and below a light
emitting layer 250. FIG. 3 is a schematic view showing an
organic light emitting device according to another embodi-
ment of the present invention, which is similar to FIG. 2,
except that an exciton blocking layer 355 is disposed on a
light emitting layer 350 and below an electron transport layer
360.

[0036] It is possible to fabricate an organic light emitting
device with a structure that is the reverse of the one shown in
FIGS. 1-3. In this case of the reverse structure, a layer or
layers may be added or omitted as needed.

[0037] Materials used in hole injection layer, hole transport
layer, electron blocking layer, hole blocking layer, light emit-
ting layer, electron injecting layer may be selected from those
reported in the literature cited elsewhere. For example, an
electron-transporting material forming the electron-trans-
porting layer differs from the material forming the light emit-
ting layer and has hole-transporting properties, so as to facili-
tate the hole mobility in the electron-transporting layer, and to
prevent accumulation due to the difference in ionization
potential between the light emitting layer and the electron-
transporting layer can be prevented.

[0038] Inaddition, U.S. Pat. No. 5,844,363, which is incor-
porated herein by reference in its entirety, discloses a flexible
and transparent substrate-anode combination. An example of
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a p-doped hole transport layer is m-MTDATA doped with
F,-TCNQ at a molar ratio of 50:1, as disclosed in US Patent
Application Publication No. 20030230980, which is incorpo-
rated herein by reference in its entirety. An example of an
n-doped electron transport layer is BPhen doped with Li at a
molar ratio of 1:1, as disclosed in US Patent Application
Publication No. 20030230980, which is incorporated herein
by reference in its entirety. U.S. Pat. Nos. 5,703,436 and
5,707,745, which areincorporated herein by reference in their
entireties, disclose examples of cathodes including com-
pound cathodes having a thin layer of metal such as Mg:Ag
with an overlying transparent, electrically-conductive, sput-
ter-deposited I'TO layer. The theory and use of blocking layers
is described in U.S. Pat. No. 6,097,147 and US Patent Appli-
cation Publication No. 20030230980, which are incorporated
herein by reference in their entireties. Examples of injection
layers are provided in US Patent Application Publication No.
20040174116, which is incorporated herein by reference in
its entirety. A description of protective layers may be found in
US Patent Application Publication No. 20040174116, which
is incorporated herein by reference in its entirety.

[0039] Structures and materials not specifically described
may also be used, such as OLEDs comprised of polymeric
materials (PLEDs) such as disclosed in U.S. Pat. No. 5,247,
190, which is incorporated herein by reference in its entirety.
Further, OLEDs having a single organic layer may be used.
OLEDs may be stacked as described in U.S. Pat. No. 5,707,
745, which is incorporated herein by reference in its entirety.
[0040] Unless otherwise specified, any of the layers of the
various embodiments may be deposited by any suitable
method. For the organic layers, preferred methods include
thermal evaporation, ink-jet, such as described in U.S. Pat.
Nos. 6,013,982 and 6,087,196, which are incorporated herein
by reference in their entireties, organic vapor phase deposi-
tion (OVPD), such as described in U.S. Pat. No. 6,337,102,
which is incorporated herein by reference in its entirety, and
deposition by organic vapor jet printing (OVIP), such as
described in U.S. patent application Ser. No. 10/233,470,
whichisincorporated herein by reference in its entirety. Other
suitable deposition methods include spin coating and other
solution based processes. Solution based processes are pref-
erably carried out in nitrogen or an inert atmosphere. For the
other layers, preferred methods include thermal evaporation.
Preferred patterning methods include deposition through a
mask, cold welding such as described in U.S. Pat. Nos. 6,294,
398 and 6,468,819, which are incorporated herein by refer-
ence in their entireties, and patterning associated with depo-
sition methods such as ink-jet and OVID. Certainly, other
methods may be used. The materials to be deposited may be
modified to make them compatible with a particular deposi-
tion method.

[0041] The compound represented by Formula 1 is capable
of being made into an amorphous thin film by means of
vacuum deposition method or spin coating method, for
organic electroluminescent devices. When the compound is
used in any of the organic layers described above, it exhibits
a longer lifetime and better thermal stability with high effi-
ciency and low driving voltage.

[0042] An organic electroluminescent device of this inven-
tion is applicable to a single device, a device with its structure
arranged in array, or a device having the anode and the cath-
ode arranged in an X-Y matrix. The present invention signifi-
cantly improves luminous efficiency and driving stability of
an organic electroluminescent device over the conventional
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devices, when used in combination of phosphorescent
dopants in the light emitting layer. Further, the organic elec-
troluminescent device of the present invention can perform
better when applied to full-color or multicolor panels, and can
emit white lights.

EXAMPLES

[0043] The invention is further illustrated by the following
examples in detail for clarifying the characteristics and effec-
tiveness of the present invention. The detailed embodiments
are merely used for clarifying the characteristics of the
present invention. The present invention is not limited to the
particular embodiment iltustrated.

Synthesis Example 1

Synthesis of Compound B

[0044] InalL flask, a mixture of 3-bromo-7,12-diphenyl-
benzo[k]fluoranthene (20 g), (4(1-phenyl-1H-benzo[d]imi-
dazol-2-yl)phenyl)boronic acid (15.6 g), tetrakis(triph-
enylphosphine)palladium (2.40 g), toluene (300 ml), ethanol
(150 ml) and 2M aqueous solution of potassium carbonate
(72.4 ml) were added together, and refluxed for 16 hr. The
reaction was quenched with water and the toluene layer was
removed and washed with brine and dried with anhydrous
sodium sulfate, and the solvent was removed under reduced
pressure to yield 2-(4-(7,12-diphenylbenzo[k|fluoranthen-3-
yl)phenyl)-1-phenyl-1H-benzo[d]imidazole (compound B,
5.3 g) as a light yellow solid.

[0045] 'H NMR (CDCl,, 6): 7.92 (d, 1H), 7.77(d, 1H),
7.71-7.62 (m, 10H), 7.60-7.55 (m, 4H), 7.55-7.52 (m, 1H),
7.52-7.49 (m, 1H), 7.48-7.44 (m, 2H), 7.43-7.39 (m, 4H),
7.38-7.34 (m, 1H), 7.32-7.25 (m, SH), 6.64 (d, 2H).

Synthesis Example 2

Synthesis of Compound C

[0046] 3-bromo-7.8,9,10-tetraphenylfluoranthene was
synthesized following the procedure cited in New Journal of
Chemistry, 2010, 34, p. 2739.

[0047] 3-bromo-7,8,9,10-tetraphenylfluoranthene (20 g),
(4-(1-phenyl-1H-benzo[d]imidazol-2-y1) ~ phenyl)boronic
acid (12.88 g), tetrakis(triphenylphosphine)palladium (1.97
2), toluene (300 ml), ethanol (150 ml) and 2M aqueous solu-
tion of potassium carbonate (59.8 ml) were added together,
and refluxed for 16 hr. The reaction was quenched with water
and the toluene layer was removed and washed with brine and
dried with anhydrous sodium sulfate, and the solvent was
removed under reduced pressure to yield 1-phenyl-2-(4-(7,8,
9,10-tetraphenylfluoranthen-3-yl)phenyl)-1H-benzo| d]imi-
dazole (Compound C, 14.6 g) as a light yellow solid.

[0048] 'H NMR (CDCl,, 6): 7.90-7.96 (m, 2F), 7.80 (m,
2H), 7.70 (m, 2H), 7.58 (s, 1H), 7.46-7.55 (m, 12H), 7.30-7.
32 (m, 13H),7.22-7.26 (m, 6H).

Synthesis Example 3

Synthesis of Compound A

[0049] 3-bromo-7,10-diphenylfluoranthene was synthe-
sized following the procedure given in the Journal of the
American Chemical Society, 1993, 11, p. 11542,

[0050] 3-bromo-7,10-diphenylfluoranthene (20 g), (4-(1-
phenyl-1H-benzo[d]imidazole-2-yl)phenyl)boronic  acid
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(17.40 g), tetrakis(triphenylphosphine)palladium (2.67 g),
toluene (300 ml), ethanol (150 ml) and 2M potassium car-
bonate (80.8 ml) were added together, and refluxed for 16 hr.
The reaction was quenched with water and the toluene layer
was removed and washed with brine and dried with anhy-
drous sodium sulfate, and the solvent was removed under
reduced pressure to yield 2-(4-(7,10-diphenylfluoranthen-3-
yl)phenyl)-1-phenyl-1H-benzo[d]imidazole (compound A,
17.8 g) as a yellow powder.

[0051] 'HNMR (CDCly, 8): 7.92-7.96 (m, 2H), 7.70-7.80
(m, 4H), 7.58 (s, 1H), 7.53-7.55 (m, 6H), 7.47-7.49 (m, 4H),
7.28-7.32 (m, OH), 7.22-7.26 (m, 4H).

Synthesis Example 4

Synthesis of Compound F

[0052] 3-bromofluoranthene (20 g), (4-(1-phenyl-1H-
benzo[d]imidazol-2-yl)phenyl)boronic acid (26.82 g), tet-
rakis(triphenylphosphine)palladium (4.11 g), toluene (300
ml), ethanol (150 ml) and 2M Potassium carbonate(124.5 ml)
were added together, and stirred at 80° C. for 16 hr. The
reaction was quenched with water and the toluene layer was
removed and washed with brine and dried with anhydrous
sodium sulfate, and the solvent was removed under reduced
pressure to yield 2-(4-(fluoranthen-3-yl)phenyl)-1-phenyl-
1H-benzo[d]imidazole (compoundF, 17.8 g) as a light yellow
amorphous solid.

[0053] “H NMR (CDCl,, 8): 7.90 (m, 2H), 7.79-7.80 (m,
2H), 7.70 (m, 2H), 7.58 (s, 1H), 7.53-7.55 (m, 6H), 7.54 (m,
4H), 7.30 (m, 5H), 7.23-7.28 (m, 11H).

Examples 1-4

Fabrication of Organic EL, Devices

[0054] Prior to use, the substrate was degreased with sol-
vents and cleaned in UV ozone before it was loaded into the
evaporation system. The substrate was then transferred into a
vacuum deposition chamber for deposition of all other layers
ontop of the substrate. The following layers were deposited in
the following sequence, as shown in FIG. 2, by evaporation
from a heated boat under a vacuum of approximately 10~
Torr:

[0055]

[0056] b) a hole transporting layer, 60 nm thick, N,N'-
di-1-naphthyl-N,N'-diphenyl-4,4'-diaminobiphenyl
(NPB);

[0057] c) alight emitting layer, 30 nm thick, comprising
BH doped with 3% BD by volume;

[0058] (BH and BD from eRay optoelectronics Tech Co.
Ltd, Taiwan)

[0059] e) an electron transporting layer, 20 nm thick,
including compound B doped with Liq;

[0060]

[0061] g) a cathode: approximately 150 nm thick,
including Al.

a) a hole injecting layer, 20 nm thick, HAT-CN,

f) an electron injection layer, 1 nm thick, LiF; and
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[0062] Device structure may be denoted as: ITO/HAT-CN
(20 nm)/NPB (60 nm)/BH-3% BD (30 nm)/Compound B :
Liq (20 nm)/LiF (1 nm)/Al (150 nm).

Q
h

NPB
CN
CN
N
NC N N
Z
x
NC N N
N
N CN
CN
HAT-CN

Liq
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-continued

[0063] After the deposition of these layers, the device was
transferred from the deposition chamber into a dry box for
encapsulation, and were subsequently encapsulated using an
UV-curable epoxy, and a glass lid containing a moisture get-
ter. The organic EL has an emission area of 3 mm?. The
organic EL device thus obtained was connected to an outside
power source and, upon application of direct current voltage,
emission of light with the characteristics shown in Table 2
were confirmed.

[0064] The EL characteristics of all the fabricated devices
were evaluated using a constant current source (KEITHLEY
2400 Source Meter, made by Keithley Instruments, Inc.,
Cleveland, Ohio) and a photometer (PHOTO RESEARCH
SpectraScan PR 650, made by Photo Research, Inc., Chat-
sworth, Calif)) at room temperature.

[0065] Operational lifetime (or stability) of the devices
were tested at the room temperature and at various initial
luminance depending on the color of the emitting layer, by
driving a constant current through the devices. The color was
reported using Commission Internationale de I’Eclairage
(CIE) coordinates.

[0066] Example 4 was fabricated similar to the layer struc-
ture as example 1 except that compound F was used in place
of the compound B, in the electron transport layer.

Comparative Example 1

Fabrication of Organic EL Device

[0067] Organic phosphorescent EL device was fabricated
similar to the layer structure as example 1 except that ET was
used in place of the compound B, in the electron transport
layer. Device structure may be denoted as: ITO/HAT-CN (20
nm)/NPB (60 nm)/BH-3% BD (30 nm )/ET: Lig(20 nm)/LiF
(1 nm)/Al (150 nm).

Examples 5-7

Fabrication of Green Phosphorescent OLED Device

[0068] Green phosphorescent OLED devices were fabri-
cated in the following sequence, as shown in FIG. 2, by
evaporation from a heated boat under a vacuum of approxi-
mately 107° Torr:
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[0069] a) a hole injecting layer, 20 nm thick, HAT-CN;

[0070] D) a hole transporting layer, 100 nm thick, N,N'-
di-1-naphthyl-N,N'-diphenyl-4,4'-diaminobiphenyl
(NPB);

[0071] c) alight emitting layer, 30 nm thick, comprising
GH doped with 14% GD by volume;

[0072] (GD-Ir(ppy);; GH from eRay optoelectronics
Tech Co. Ltd, Taiwan)

[0073] e) an electron transporting layer, 30 nm thick,
including compound B doped with Lig;

[0074]

[0075] g) a cathode: approximately 150 nm thick,
including Al.

[0076] Device structure may be denoted as: ITO/HAT-CN
(20 nm)/NPB (100 nm)/GH-14% GD (30 nm)/Compound B
: Lig 30 nm)/LiF (1 nm)/Al (150 nm).

[0077] Examples 6 and 7 were fabricated similar to the
layer structure as givenin example 5 except that compound A
and compound C were used in place of the compound B, in the
electron transport layer.

f) an electron injection layer, 1 nm thick, LiF; and

Comparative Example 2

Fabrication of Organic EL Device

[0078] Organic phosphorescent EL device was fabricated
similar to the layer structure as example 5 except that ET was
used in place of the compound B, in the electron transport
layer. Device structure may be denoted as: ITTO/HAT-CN (20
nm)/NPB (100 nm)/GH-14% GD (30 nm)/Compound B: Liq
(30 nm)/LiF (1 nm)/Al (150 nm).

[0079] The peak wavelength of emitted light, maximum
luminance efficiency, driving voltage and the lifetime stabil-
ity of the organic EL devices fabricated in the examples are
shown in Table 1. EL spectra of the blue fluorescent and green
phosphorescent devices fabricated herein are shown in FIG. 4
and FIG. 5.

TABLE 1

Compound of Max.

Light Emitting luminance

Layer, Driving  efficiency

(concen- Emission voltage (cd/A) @ Ty

tration, %) peak (nm) (V) 10mAem® ()
Example 1 Compound B (75) 468 4.72 11.06 624
Example 2 Compound B (50) 468 4.54 11.96 474
Example 3 Compound B (25) 468 442 12.71 409
Example 4 Compound F (25) 468 446 11.81 3R
Compar-  ET (50) 468 433 12.16 344
ative
Example 1
Example 5 Compound B (50) 524 3.90 59.59 %%
Example 6 Compound A (50) 524 3.83 57.11 N/A
Example 7 Compound C (50) 524 3.96 58.67 N/A
Compar-  ET (50) 524 3.70 58.29 60%
ative
Example 2
Lo =2000 nits;
® Lo = 10000 nits
[0080] The invention shall not be limited by the above

described embodiment, method and examples, but by all
embodiments and methods within the scope and spirit of the
invention as claimed.
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INDUSTRIAL APPLICABILITY

[0081] As described above in detail, the organic EL device
in which the material for the EL device of the present inven-
tion is used is extremely practical because it has high lumi-
nous efficiency, high thermal stability, sufficiently low driv-
ing voltage and long lifetime. Therefore, the organic EL
device of this invention is applicable to flat panel displays,
mobile phone displays, light sources utilizing the character-
istics of planar light emitters, sign-boards and has a high
technical value.

1. An OLED device, coniprising: a cathode; an anode; an
emitting layer; and a non-emitting electron transporting layer
interposed between the cathode and the emitting layer.

2. The OLED device according to claim 1, wherein the
non-emitting electron transporting layer comprises a com-
pound of Formula 1 below at a concentration in a range from
25% to 90%:

Formula 1

X .0
H >

Sep. 25,2014

wherein X and Y independently represents a hydrogen, an
aromatic or a hetero aromatic hydrocarbon having C5 to C10
carbons; X andY may be the same or different; Ar, to Ar, each
represent a hydrogen, an unsubstituted or substituted aro-
matic hydrocarbon having C4 to C12 carbons, or an unsub-
stituted or substituted condensed polycyclic aromatic hydro-
carbon having C4 to C12 carbons; Ar, to Ar, may form a fused
aromatic ring system with the adjacent aromatic hydrocar-
bons.

3. The OLED device according to claim 1, further com-
prising an organic layer at a thickness of between 1 nm and
500 nm.

4. The OLED device according to claim 2, further com-
prising an electron transport layer, an electron injection layer,
a light emitting layer, a hole block layer or an electron block
layer, in which the compound represented by Formula 1 is
contained.

5. The OLED device according to claim 4, further com-
prising an n-dopant material in combination with the com-
pound represented by Formula 1 in the electron transport
layer or in the electron injection layer.

6. The OLED device according to claim 4, further com-
prising a fluorescent or a phosphorescent emitter in combi-
nation with the compound represented by Formula 1 in the
light emitting layer.

7. A process for producing an amorphous thin film includ-
ing the compound represented by Formula 1 according to
claim 2.

8. The process according to claim 7, being a vacuum depo-
sition method or a spin coating method.

* ok %k
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