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(7) ABSTRACT

Embodiments of the present invention are directed to het-
eroarylamine compounds and organic luminescence devices
including the heteroarylamine compounds. The organic lumi-
nescence devices using the heteroarylamine compounds have
high-efficiency, low driving voltages, high luminance and
long lifetimes.
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HETEROARYLAMINE COMPOUND AND
ORGANIC LUMINESCENCE DEVICE USING
THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0080702, filed on
Aug. 28,2009 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to heteroarylamine
compounds and to organic luminescence devices including
the heteroarylamine compounds.

[0004] 2. Description of the Related Art

[0005] Electroluminescent (EL) devices are self-emission
type display devices having wide viewing angles, high con-
trast ratios, and short response times. Due to these character-
istics, EL devices are drawing more attention. Such EL
devices can be roughly classified into inorganic EL, devices
(which include emission layers containing inorganic com-
pounds), and organic EL devices (which include emission
layers containing organic compounds). Specifically, organic
EL devices have higher brightness, lower driving voltages,
and shorter response times than inorganic EL devices, and can
produce multi-colored displays. Thus, much research into
organic EL devices has been conducted.

[0006] In general, an organic EL device has an anode/or-
ganic emitting layer/cathode structure, but can include at least
one additional layer selected from hole injection layers and
hole transport layers formed between the anode and the emit-
ting layer, and electron injection layers formed between the
emitting layer and the cathode. For example, an organic EL
device can have an anode/hole transport layer/organic emit-
ting layet/cathode structure or an anode/hole transport layer/
organic emitting layer/electron transport layer/cathode struc-
ure.

[0007] Organic EL devices including hole injection layers
and/or hole transport layers using known materials have
unsatisfactory lifetime, efficiency, and power consumption.
Thus, there is a need to improve these characteristics.

SUMMARY OF THE INVENTION

[0008] According to embodiments of the present invention,
an organic layer material has improved electrical stability and
charge transporting capability, high glass transition tempera-
ture, and improved ability to prevent crystallization. The
organic layer material is suitable for fluorescent or phospho-
rescent organic EL devices (OLEDs), including full-color
OLEDs (which can generate all colors, including red, green,
blue, and white). Other embodiments of the present invention
are directed to methods of preparing the organic layer mate-
rial.

[0009] In some embodiments of the present invention, an
OLED includes an organic layer formed of the above-de-
scribed material. The OLED has good durability during stor-
age and driving, high efficiency, low driving voltage, and
improved luminance. In other embodiments, a flat panel dis-
play device includes the OLED.
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[0010] According to an embodiments of the present inven-
tion, a heteroarylamine compound is represented by Formula
1

Formula |

In Formula 1, each of Ar, and Ar, is independently selected
from substituted and unsubstituted C6-C60 aryl groups, sub-
stituted and unsubstituted C4-C60 heteroaryl groups, and
substituted and unsubstituted C6-C60 condensed polycyclic
groups. X, is selected from substituted and unsubstituted
C6-C30 arylene groups, substituted and unsubstituted
C4-C30 heteroarylene groups, and substituted and unsubsti-
tuted C6-C30 condensed polycyclic groups. Each of R, R,,
and R, is independently selected from hydrogen atoms, heavy
hydrogen atoms, substituted and unsubstituted C1-C50 alkyl
groups, substituted and unsubstituted C1-C50 alkoxy groups,
substituted and unsubstituted C6-C60 aryl groups, substi-
tuted and unsubstituted C3-C50 carbocyclic groups, substi-
tuted and unsubstituted C4-C60 hetero aryl groups, substi-
tuted and unsubstituted C4-C60 heterocyclic groups,
substituted and unsubstituted C6-C60 condensed polycyclic
groups, halogen atoms, cyano groups, hydroxyl groups, and
carboxyl groups.

[0011] According to other embodiments of the present
invention, an organic luminescence device includes a first
electrode, a second electrode, and an organic layer between
the first electrode and the second electrode, wherein the
organic layer includes at least one layer including the het-
eroarylamine compound. The organic layer may include a
hole injection layer or a hole transport layer.

[0012] According to some embodiments of the present
invention, a flat panel display device includes the organic
luminescence device, wherein the first electrode of the
organic light-emitting device is electrically connected to a
source electrode or a drain electrode of a thin-film transistor.
[0013] According to still other embodiments of the present
invention, an organic luminescence display device includes
the organic luminescence device, wherein atleast one layer of
the organic luminescence device includes the heteroary-
lamine compound and the at least one layer is formed using a
wet process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other features and advantages of the
present invention will become more apparent by reference to
the following detailed description when considered in con-
Junction with the attached drawing in which:

[0015] FIG. 1 is a schematic view of an organic light-
emitting device according to an embodiment of the present
invention; and
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[0016] FIG. 2 is a cross-sectional view of a flat panel dis-
play according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] According to embodiments of the present invention,
a heteroarylamine compound is represented by Formula 1
below. In some embodiments, the heteroarylamine com-
pound may be used to form an organic layer of an organic
electroluminescence device (OLED).

Formula |

In Formula 1, each of Ar, and Ar, is independently selected
from substituted and unsubstituted C6-C60 aryl groups, sub-
stituted and unsubstituted C4-C60 heteroaryl groups, and
substituted and unsubstituted C6-C60 condensed polycyclic
groups. X, is selected from substituted and unsubstituted
C6-C30 arylene groups, substituted and unsubstituted
C4-C30 heteroarylene groups, and substituted and unsubsti-
tuted C6-C30 condensed polycyclic groups. Each of R, R,
and R is independently selected from hydrogen atoms, heavy
hydrogen atoms, substituted and unsubstituted C1-C50 alkyl
groups, substituted and unsubstituted C1-C50 alkoxy groups,
substituted and unsubstituted C6-C60 aryl groups, substi-
tuted and unsubstituted C3-C50 carbocyclic groups, substi-
tuted and unsubstituted C4-C60 hetero aryl groups, substi-
tuted and unsubstituted C4-C60 heterocyclic groups,
substituted and unsubstituted C6-C60 condensed polycyclic
groups, halogen atoms, cyano groups, hydroxyl groups, and
carboxyl groups.

[0018] InFormulal,X, isalinker, nonlimiting examples of
which include bivalent organic groups represented by the

following formulae.

-
-
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-continued
HC  CH,

-0
0

[0019] The amine compound of Formula 1 may be used in
various applications and includes a linker (X,) bonded to a
phenyl group of an indole group.

[0020] The amine compound of Formula 1 has high dura-
bility during storage and driving. In addition, due to the
introduction of a substituent such as a fluorene group, the
state of the organic layer formed using the amine compound
of Formula 1 is improved. Thus, the characteristics of the
organic luminescence device including such an organic layer
are improved.

[0021] According to an embodiment of the present inven-
tion, the amine compound of Formula 1 may be selected from
compounds represented by Formulae 2 through 6:

Formula 2
R;
Ry
/
/"
Rl ' ’
Formula 3
Arl
/
\
Xz
\
N—Ar;
/
Ary
Formula 4
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-continued

Formu
Ar;—Ary

Arg—Aryg

Formula 6

In Formulae 2 through 6, each of Ar, through Ar, Ar, and
Ar, is independently selected from substituted and unsub-
stituted C6-C60 aryl groups, substituted and unsubstituted
C4-C60 heteroaryl groups, and substituted and unsubstituted
C6-C60 condensed polycyclic groups. Each of X, X,, X,
Ar, and Ary is independently selected from substituted and
unsubstituted C6-C30 arylene groups, substituted and unsub-
stituted C4-C30 heteroarylene groups, and substituted and
unsubstituted C6-C30 condensed polycyclic groups. Each of
R,, R,, and R, is independently selected from hydrogen
atoms, heavy hydrogen atoms, substituted and unsubstituted
C1-C50 alkyl groups, substituted and unsubstituted C1-C50
alkoxy groups, substituted and unsubstituted C6-C60 aryl
groups, substituted and unsubstituted C3-C50 carbocyclic
groups, substituted and unsubstituted C4-C60 hetero aryl
groups, substituted and unsubstituted C4-C60 heterocyclic
groups, substituted and unsubstituted C6-C60 condensed
polycyclic groups, halogen atoms, cyano groups, hydroxyl
groups, and carboxyl groups.

[0022] Insomeembodiments,in Formulae 1 through 6, and
Formulae 2 through 6 in particular, each of R, R,, and R, is
independently selected from aryl groups, nonlimiting
examples of which include phenyl groups, 4-fluorophenyl
groups, naphthalene groups, and biphenyl groups.

[0023] Insomeembodiments, in Formulae 1 through 6, and
Formulae 2 through 6 in particular, each of X, X,, and X
may be selected from bivalent organic groups, nonlimiting
examples of which include those represented by the following
formulae.

U ats
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-continued

30

[0024] Insomeembodiments, in Formulae 1 through 6, and
Formulae 2 through 6 in particular, each of Ar, through Ar,
Ar, and Ar, , may beindependently selected from monovalent
groups, nonlimiting examples of which include those repre-
sented by the following formulae.

O &

H,C  CH;

B oo

nUals
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-continued

H,C
H,C

N
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-continued

[0025] Hereinafter, the functional groups used in the for-
mulas described above will be described.

[0026] The unsubstituted C,-Cs, alkyl group may be linear
or branched. Nonlimiting examples of the alkyl group include
methyl groups, ethyl groups, propyl groups. isobutyl groups,
sec-butyl groups, pentyl groups, isoamyl groups, hexyl
groups, heptyl groups, octyl groups, nonanyl groups, and
dodecyl groups. At least one hydrogen atom of the alkyl group
may be substituted with a substituent selected from heavy
hydrogen atoms, halogen atoms, hydroxyl groups, nitro
groups, cyano groups, amino groups, amidino groups, hydra-
zines, hydrazones, carboxyl groups and salts thereof, sulfonic
acid groups and salts thereof, phosphoric acid groups and
salts thereof, C,-C,, alkyl groups, C,-C,, alkoxy groups,
C,-C,, alkenyl groups, C,-C,, alkynyl groups, C4-C, 4 aryl
groups, and C,-C |, heteroaryl groups.

[0027] The unsubstituted C5-Cs, carbocyclic group refers
to a C;-Cs, cycloalkyl group where at least one hydrogen
atom in the carbon ring may be substituted with the substitu-
ents described above in connection with the C,-Cs, alkyl
group.

[0028] The unsubstituted C,-Cg, heterocyclic group refers
to a C,-Cq, cycloalkyl group including one, two or three
hetero atoms selected from N, O, P and S, where at least one
hydrogen atom in the heterocyclic group may be substituted
with the substituents described above in connection with the
C,-Cy, alkyl group.

[0029] The unsubstituted C,-Cs, alkoxy group is a group
having a —OA structure where A is an unsubstituted C,-Cs,,
alkyl group as described above. Nonlimiting examples of the
alkoxy group include methoxy groups, ethoxy groups, pro-
poxy groups, isopropyloxy groups, butoxy groups, and pen-
toxy groups. At least one hydrogen atom of the alkoxy group
may be substituted with the substituents described above in
connection with the C, -Cs,, alkyl group.

[0030] The unsubstituted C4-Cqy, aryl group refers to a car-
bocyclic aromatic system containing at least one ring, At least
two rings may be fused to each other or linked to each other by
a single bond. The term ‘aryl’ refers to an aromatic system,
such as phenyl, naphthyl, or anthracenyl. At least one hydro-
gen atom in the aryl group may be substituted with the sub-
stituents described above in connection with the C,-Cs, alkyl
group.

[0031] Nonlimiting examples of the substituted or unsub-
stituted C4-Cq, aryl group include phenyl groups, C,-C,,
alkylphenyl groups (for example, ethylpheny! groups),
halophenyl groups (for example, 0-, m-, and p-fluorophenyl
groups, dichlorophenyl groups), cyanophenyl groups, dicy-
anophenyl groups, trifluoromethoxyphenyl groups, biphenyl
groups, halobiphenyl groups, cyanobiphenyl groups, C,-C,,
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alkyl biphenyl groups, C,-C,, alkoxybiphenyl groups, o-, m-,
and p-toryl groups, o-, m-, and p-cumenyl groups, mesityl
groups, phenoxyphenyl groups, (o,a-dimethylbenzene)phe-
nyl groups, (N,N'-dimethyl)aminophenyl groups, (N,N'-
diphenyl)aminophenyl groups, pentalenyl groups, indenyl
groups, naphthyl groups, halonaphthyl groups (for example,
fluoronaphthyl groups), C,-C,, alkylnaphthyl groups (for
example, methylnaphthyl groups), C,-C,, alkoxynaphthyl
groups (for example, methoxynaphthyl groups), cyanonaph-
thyl groups, anthracenyl groups, azulenyl groups, heptalenyl
groups, acenaphthylenyl groups, phenalenyl groups, fluore-
nyl groups, anthraquinolyl groups, methylanthryl groups,
phenanthryl groups, triphenylene groups, pyrenyl groups,
chrysenyl groups, ethyl-chrysenyl groups, picenyl groups,
perylenyl groups, chloroperylenyl groups, pentaphenyl
groups, pentacenyl groups, tetraphenylenyl groups, hexaphe-
nyl groups, hexacenyl groups, rubicenyl groups, coroneny!
groups, trinaphthylenyl groups, heptaphenyl groups, hepta-
cenyl groups, pyranthrenyl groups, and ovalenyl groups.

[0032] Theunsubstituted C,-C, heteroaryl group includes
one, two or three hetero atoms selected from N, O, Pand S. At
least two rings may be fused to each other or linked to each
other by a single bond. Nonlimiting examples of the unsub-
stituted C,-C, heteroaryl group include pyrazolyl groups,
imidazolyl groups, oxazolyl groups, thiazolyl groups, triaz-
olyl groups, tetrazolyl groups, oxadiazolyl groups, pyridinyl
groups, pyridazinyl groups, pyrimidinyl groups, triazinyl
groups, carbazolyl groups, indolyl groups, quinolinyl groups,
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and isoquinolinyl groups. At least one hydrogen atom in the
heteroaryl group may be substituted with the substituents
described above in connection with the C,-Cs, alkyl group.
[0033] The unsubstituted C,-C,, condensed polycyclic
group refers to a substituent including at least two rings where
at least one aromatic ring and/or at least one non-aromatic
ring are fused to each other. The unsubstituted C4-C, poly-
cyclic condensed group may include some of the substituents
described in connection with the aryl group or the heteroaryl
group.

[0034] The amine compound of Formula 1 may be used as
an organic layer material. For example, the amine compound
may be used as at least one of a hole injection material, a hole
transport material, and an emitting material.

[0035] The amine compound of Formula 1 has an indole
group, and therefore has a high glass transition temperature
(Tg) and ahigh melting point due to introduction of the indole
group. Thus, during electroluminescence, the amine com-
pound of Formula 1 has high resistance to Joule heat (which
is generated in an organic layer, between organic layers or
between an organic layer and a metallic electrode), and high
durability under high-temperature environments. Thus,
organic electroluminescent (EL) devices manufactured using
the amine compound of Formula 1 have high durability dur-
ing storage and driving.

[0036] Nonlimiting examples of amine compounds of For-

mula 1 include Compounds 1-111.
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[0037] Insomeembodiments, for example, the amine com-
pound of Formula 1 may be selected from Compound 1,
Compound 2, Compound 8, Compound 29, Compound 32,

Compound 58, Compound 81, Compound 84, and Com-
pound 99.
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[0038] According to some embodiments of the present
invention, a method of synthesizing an amine compound of
Formula 1 is provided. First, benzophenone hydrazone, sodi-
umbutoxide, palladium diacetate, and 2-dicyclohexylphos-
phino-2',4',6'-triisopropylbiphenyl are added to and mixed
with the amine compound represented by Formula 7 below,
and then the resultant product is heat treated, thereby obtain-
ing a compound represented by Formula 8 below.

Formula 7

In Formula 7, X, Ar,, and Ar, are the same as described
above with reference to Formula 1, and Y is a halogen atom
such as bromine, iodine, or chloride.

Formula 8

In Formula 8, X,, Ar,, and Ar, are the same as described
above with reference to Formula 1.

g

O

[0039] Theamount of the benzophenone hydrazone may be
about 1.05 to about 1.2 moles based on 1 mole of the amine
compound represented by Formula 7. The amount of the
sodiumbutoxide may be about 1.2 to about 1.5 moles based on
1 mole ofthe amine compound represented by Formula 7. The
amount of the palladium diacetate may be about 0.02 to about
0.05 moles based on 1 mole of the amine compound repre-
sented by Formula 7. The amount of the 2-dicyclohexylphos-
phino-2',4",6"-triisopropylbiphenyl may be about 0.02 to
about 0.05 moles based on 1 mole of the amine compound
represented by Formula 7.

[0040] The heat treatment temperature may be about 80 to
about 100° C. If the heat treatment temperature is outside this
range, the yield of the compound represented by Formula 8
may be reduced.

[0041] Next, p-toluenesulfonic monohydrate, benzylphe-
nylketone, and a solvent are added to the compound repre-
sented by Formula 8, and the resultant mixture is heat treated.
When the reaction is completed, the reaction product is
worked-up, thereby obtaining the amine compound repre-
sented by Formula 1.

[0042] Atthis stage, the heat treatment temperature may be
about 60 to about 100° C. If the heat treatment temperature is
outside this range, the yield of the amine compound repre-
sented by Formula 1 may be reduced.

[0043] The amount of the p-toluenesulfonic monohydrate
may be about 1.5 to about 2.0 moles based on 1 mole of the
compound represented by Formula 8, and the amount of the
benzylphenylketone may be about 1.5 to about 2.0 moles
based on 1 mole of the compound represented by Formula 8.

[0044] According to other embodiments of the present
invention, an organic luminescence device includes a first
electrode, a second electrode, and an organic layer between
the first and second electrodes, wherein the organic layer
includes the amine compound represented by Formula 1.

[0045] The organic layer including the amine compound of
Formula 1 may be a hole injection layer or a hole transport
layer, or a single layer having both hole injection and hole
transport capabilities. For example, the organic layer includ-
ing the amine compound of Formula 1 may be a hole transport
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layer. In addition, the amine compound of Formula 1 may also
be used as a host for fluorescence or phosphorescence organic
light emitting device.

[0046] The first electrode may be an anode and the second
electrode may be a cathode. Alternatively, the first electrode
may be a cathode and the second electrode may be an anode.

[0047] The organic luminescence device according to
embodiments of the present invention may have various
organic EL structures. For example, the organic EL device
have a bottom emission structure including an anode as a first
electrode, a hole injection layer (HIL), a hole transport layer
(HTL), an emitting layer (EML), an electron transport laver
(ETL), an electron injection layer (EIL), and a cathode as a
second electrode (as illustrated in FIG. 1). Alternatively, the
organic EL, device may have a front emission structure. If
desired and/or necessary, one or more intermediate layers
may be further formed.

[0048] For example, the organic luminescence device
according to the present embodiment may have a first elec-
trode/hole injection layer/emitting layer/second electrode
structure, a first electrode/hole injection layer/hole transport
layer/emitting layer/electron transport layet/second electrode
structure, or a first electrode/hole injection layer/hole trans-
port layer/emitting layer/electron transport layer/electron
injection layer/second electrode structure. The organic lumi-
nescence device according to the present embodiment may
also have a first electrode/single layer having hole injection
and hole transport capabilities/emitting layer/electron trans-
port layer/second electrode structure, or a first electrode/
single layer having hole injection and hole transport capabili-
ties/emitting layer/electron transport layer/electron injection
layer/second electrode structure.

[0049] The amine compounds represented by Formula 1
have good hole injection characteristics and hole transport
characteristics and thus are useful as hole transport materials.
In addition, the amine compounds represented by Formula 1
may also be used as a host material for emission layers of
blue, green, and red fluorescent and phosphorescent devices.

[0050] According to embodiments of the present invention,
the organic luminescence device may include an organic
layer including a hole injection layer (HIL), a hole transport
layer (HTL), and an emitting layer (EML), wherein the HIL
or the HTL includes the amine compound represented by
Formula 1 and the EML includes an arylamine compound.

[0051] According to other embodiments of the present
invention, the organic luminescence device may include an
organic layer including a hole injection layer (HIL), a hole
transport layer (HTL), and an emitting layer (EML), wherein
the HIL or the HTL includes the amine compound repre-
sented by Formula 1 and the EML includes a styryl com-
pound.

[0052] According to still other embodiments of the present
invention, the organic luminescence device may include an
organic layer which includes a hole injection layer (HIL), a
hole transport layer (HTL), and an EML including a green
emitting layer, a blue emitting layer, a red emitting layer, and
a white emitting layer, wherein the HIL or the HTL includes
the amine compound represented by Formula 1 and at least
one ofthe green emitting layer, the blue emitting layer, the red
emitting layer, and the white emitting layer includes a phos-
phorescent compound.
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[0053] According to other embodiments of the present
invention, the organic luminescence devices described above
include at least one layer formed by wet-etching, where the at
least one layer includes the amine compound represented by
Formula 1.

[0054] The organic luminescence devices according to
embodiments of the present invention may be manufactured
using any of various suitable methods.

[0055] The organic luminescence device according to
embodiments of the present invention may be used in various
types of flat panel display devices, for example, passive
matrix organic luminescence display devices or active matrix
organic luminescence display devices. When the organic
luminescence device is used in an active matrix organic lumi-
nescence display device, a first electrode disposed on a sub-
strate may be electrically connected to a source electrode or a
drain electrode of a thin film transistor as a pixel electrode. In
addition, the organic luminescence device according to the
embodiments of the present invention may also be used in flat
panel display devices that display images in two directions.

[0056] According to embodiments of the present invention,
an organic luminescence device and a method of manufactur-
ing the same are provided. FIG. 1 illustrates the structure of an
organic luminescence device according to some embodi-
ments of the present invention. Referring to FIG. 1, an organic
layer is first formed on a first electrode. The first electrode
may be a reflective electrode or a transparent electrode. The
first electrode may include a highly conductive metal such as
lithium (Li), magnesium (Mg), aluminum (Al), aluminum-
lithium (Al—Li), potassium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), potassium (Ca)-
aluminum (Al), aluminum (Al)-indium tin oxide (ITO), ITO,
or indium zinc oxide (IZO). The first electrode may be an
anode or a cathode.

[0057] The organic layer may have a stacked structure
including at least one layer selected from a hole injection
layer, a hole transport layer, a buffer layer, an electron block-
ing layer, an emitting layer, a hole blocking layer, an electron
transport layer, and an electron injection layer.

[0058] FIG. 1 illustrates an organic layer having a stacked
structure formed by sequentially forming a HIL, a HTL, an
EML, an ETL, and an EIL.

[0059] The HIL may be formed on the first electrode using
any of various methods, such as vacuum deposition, spin
coating, casting, or Langmuir Blodgett (LB) deposition.

[0060] If the HIL is formed by vacuum deposition, the
deposition conditions may differ according to the compound
selected for preparing the target layer, the target layer struc-
ture, and the thermal characteristics of the target layer. For
example, the deposition temperature may be about 100 to
about 500° C., the degree of vacuum may be about 10~% to
about 107> torr, and the deposition speed may be about 0.01 to
about 100 A/sec.

[0061] Ifthe HIL is formed using spin coating, the coating
conditions may differ according to the compound selected for
preparing the target layer, the target layer structure, and the
thermal characteristics of the target layer. For example. the
coating speed may be about 2000 rpm to about 5000 rpm and
the temperature at which the solvent is removed after coating
may be about 80° C. to about 200° C.

[0062] The HIL may include the amine compound repre-
sented by Formula 1 described above. Alternatively, the HIL
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material may be any known hole injection material. Nonlim-
iting examples of suitable HIL. materials include phthalocya-
nine compounds (such as copper phthalocyanine), 4,4',4"-tris
(3-methylphenylphenylamino)triphenylamine

(m-MTDATA),  N,N'-di(1-naphthyl}-N,N'-diphenylbenzi-
dine (NPB), TDATA, 2-TNATA, polyaniline/dodecylbenze-
nesulfonic acid (Pani/DESA), poly(3,4-ethylenediox-
ythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/camphor sulfonicacid (Pani/CSA), or (polya-
niline)/poly(4-styrenesulfonate) (PANI/PSS).
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[0063] The thickness of the HIL, may be about 100 A to
about 10000 A. For example, the thickness of the HIL may be
about 100 A to about 1000 A. If the thickness of the HIL is
within this range, good hole injection characteristics may be
obtained without increasing the driving voltage of the organic
luminescence device.

[0064] The hole transport layer (HTL) may be formed on
the HIL by various methods, such as vacuum deposition, spin
coating, casting, or LB deposition. When the HTL is formed
using vacuum deposition or spin coating, the deposition con-
ditions and coating conditions may differ according to the
compound selected for preparing the target layer, but may be
similar to those described above with reference to the HIL.
[0065] The HTL may include the amine compound repre-
sented by Formula 1. According to some embodiments of the
present invention, when the amine compound of Formula 1 is
used to form the EML or the HIL, the HTL may include a
known hole transport material. Nonlimiting examples of suit-
able hole transport materials include carbazole derivatives
(such as N-phenylcarbazole or polyvinylcarbazole), amine
derivatives having an aromatic condensation ring (such as
NPB), and N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-
biphenyl]-4.4'-diamine (TPD). In addition, TCTA may have
the ability to block the diffusion of excitons generated in the
EML as well as hole transporting capability.

R PEgEg o
SV
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-continued
. . "
NPB

[0066] The thickness of the HTL may be about 50 A to
about 1000 A. For example, the thickness of the HTL may be
about 100 A to about 600 A. If the thickness of the HTL is
within this range, satisfactory hole transporting characteris-
tics may be obtained without increasing the driving voltage of
the organic luminescence device.

[0067] An electron blocking layer may be formed on the
HTL. The electron blocking layer prevents electrons from
moving into the HTL, and may include, for example, TATT
having the following structure:

N QOQOO
XS, O

TATT

[0068] The thickness of'the electron blocking layer may be
about 50 A to about 200 A. If the thickness of the electron
blocking layer is within this range, satisfactory electron
blocking characteristics may be obtained without substan-
tially increasing the driving voltage of the organic lumines-
cence device.

[0069] Then, the EML, may be formed on the electron
blocking layer. The EML may include the amine compound
represented by Formula 1. The EML may be formed by vari-
ous methods, such as vacuum deposition, spin coating, cast-
ing, or LB deposition.

[0070] When the EML is formed by vacuum deposition or
spin coating, the deposition and coating conditions may differ
according to the compound selected for preparing the target
layer, but may be similar to those described above with ref-
erence to the HIL.

[0071] Ifthe amine compound represented by Formula 1 is
used to form the HIL or the HTL, the EML may include any
suitable luminescent material used in organic luminescence
devices.

[0072] In some embodiments, the compound represented
by Formula 1 or Formula 2 may be used as a host or a dopant.
The EML may include the heteroarylamine compound rep-
resented by Formula 1 or Formula 2, in addition to various
other luminescent materials, for example, known hosts and
dopants. The dopant may be a fluorescent dopant or a phos-
phorescent dopat.
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[0073] Nonlimiting examples of the hostinclude Alqj, 4,4'-
N,N'-dicarbazole-biphenyl (GBP), 9,10-di(naphthalene-2-
ylanthracene (ADN), and distyrylarylene (DSA).

[0074] Nonlimiting examples of suitable red dopants
include PtOEP, Ir(piq)s, Btp,Ir(acac), and DCITB.

BtpoIr(acac)

[0075] Nonlimiting examples of suitable green dopants
include Ir(ppy), (where ppy refers to phenylpyridine), Ir(ppy)
s(acac), Ir(mpyp),, and C545T.

Ir(ppy)s
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-continued
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Ir(ppy)a(acac)

[0076] Nonlimiting examples of suitable blue dopants
include F,lrpic, (F,ppy).lr(tmd), Ir(dfppz),, ter-fluorene,
4 4'-bis(4-diphenylaminostyryl)biphenyl (DPAVBI), and 2,5,
8,11-tetra-t-butyl perylene (TBP).

H;CO, F

Ir(ppy)s

Ir(dfppz)s
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DPAVBI

TBP

[0077] Theamount of the dopant may be about 0.1 to about
20 parts by weight based on 100 parts by weight (i.e., the total
amount of the host and the dopant) of the EML material. For
example, the amount of the dopant may be about 0.5 to about
12 parts by weight based on 100 parts by weight of the EML
material. If the amount of the dopant is within this range,
concentration quenching may be substantially prevented.
[0078] The thickness of the EML may be about 100 A to
1000 A. For example, the thickness of the EML may be about
200 A to about 600 A. If the thickness of the EML is within
this range, good luminescence characteristics may be
obtained without substantially increasing the driving voltage
of the organic luminescence device.

[0079] Ifthe EML includes aphosphorescent dopant, ahole
blocking layer (HBL) for preventing diffusion of triplet exci-
tons or holes into the ETL may be formed on the EML (not
shown in FIG. 1). The HBL material is not particularly lim-
ited, and may be any suitable HBL material. Nonlimiting
examples of suitable HBL materials include oxadiazole
derivatives, triazole derivatives, phenanthroline derivatives,
bis(2-methyl-8-quinolato)-(p-phenylphenolato}-aluminum
(Balq), bathocuproine(BCP), and tris(N-arylbenzimidazole)
(TPBID).

[0080] The thickness of the HBL may be about 50 A to
about 1000 A. For example, the thickness of the HBL may be
about 100 A to about 300 A. If the thickness of the HBL is less
than about 50 A, the hole blocking characteristics of the HBL
may be degraded. On the other hand, if the thickness of the
HBL is greater than about 1000 A, the driving voltage of the
organic luminescence device may be increased.

[0081] Then, the ETL may be formed on the HBL by vari-
ous known methods, such as vacuum deposition, spin coat-
ing, casting, or LB deposition. When the ETL is formed by
vacuum deposition or spin coating, the deposition and coating

conditions may differ according to the compound selected for
preparing the target layer, but may be similar to those
described above with reference to the HIL. The ETL material
is not particularly limited, and may be any suitable material,
nonlimiting examples of which include quinoline derivatives,
such as tris(8-quinolinolate)aluminum (Alqs), TAZ, or Balq

Z,

BAlg
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[0082] The thickness of the ETL may be about 100 A to
about 1000 A. For exaniple, the thickness of the ETL may be
about 100 A to about 500 A. If the thickness of the ETL is
within this range, good electron transporting characteristics
may be obtained without substantially increasing the driving
voltage of the organic luminescence device.

[0083] In addition, an EIL. material that allows electrons to
be easily injected from the cathode may be deposited on the
ETL. Nonlimiting examples of the EIL material include
BaF,, LiF, NaCl, CsF, Li,O, BaO, and Liq.

Liq

[0084] Deposition conditions for forming the EIL may dif-
fer according to the compound selected for preparing the
target layer, and may be similar to those described above with
reference to the HIL.

[0085] The thickness of the EIL may be about 1 A to about
100 A. For example, the thickness of the EIL. may be about 5
A to about 90 A. If the thickness of the EIL is within this
range, good electron injection characteristics may be
obtained without substantially increasing the driving voltage
of the organic luminescence device.

[0086] Finally, a second electrode may be formed on the
EIL by vacuum deposition or sputtering. The second elec-
trode may be used as a cathode or an anode. The second
electrode material may be material having a low work func-
tion, such as a metal, an alloy, an electrically conducting
compound, or amixture thereof. Nonlimiting examples of the
second electrode material include lithium (Li), magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—Li), potas-
sium (Ca), magnesium-indium (Mg—In), and magnesium-
silver(Mg—Ag). If the organic luminescence device is a top
luminescence device, the organic luminescence device may
include a transparent cathode including ITO or 1Z0.

[0087] The organic luminescence device according to
embodiments of the present invention may be used in various
types of flat panel display devices, for example, passive
matrix organic luminescence display devices or active matrix
organic luminescence display devices. When the organic
luminescence devices according to embodiments of the
present invention are used in active matrix organic lumines-
cence display devices, a first electrode disposed on a substrate
may be electrically connected to a source electrode or a drain
electrode of a thin film transistor as a pixel electrode. In
addition, the organic luminescence devices according to
embodiments of the present invention may also be used in flat
panel display devices that display images in two directions.
[0088] According to embodiments of the present invention,
at least one layer of the organic luminescence device may be
formed by depositing the compound of Formula 1 or Formula
2, or by coating a solution prepared using the compound of
Formula 1 or Formula 2.

[0089] The organic luminescence devices described above
may alsobeused in various types of flat panel display devices,
for example, in passive matrix organic luminescence display
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devices or active matrix organic luminescence display
devices. When the organic luminescence devices according to
the embodiments of the present invention are used in active
matrix organic luminescence display devices, a first electrode
disposed on a substrate may be electrically connected to a
source electrode or adrain electrode of a thin film transistor as
a pixel electrode.

[0090] In addition, the organic luminescence devices
according to embodiments of the present invention may also
beusedin flat panel display devices that display images intwo
directions.

[0091] According to embodiments of the present invention,
as shown in FIG. 2, a flat panel display includes a driving
circuit 120 electrically connected to a pixel unit on a substrate
111. An insulating layer 112 such as a barrier layer and/or a
buffer layer may be formed on the substrate 111 to planarize
the surface of the substrate and to substantially prevent the
diffusion of impurities and the penetration of external mois-
ture and air.

[0092] A thin film transistor (TFT) as the driving circuit
120 is formed on the insulating layer 112. According to some
embodiments, a top gate TFT may be used. However, it is
understood that various other types of TFTs may also be used.
[0093] An activation layer 121 of the TFT includes a semi-
conductor material and is disposed on the insulating layer
112. A gate insulating layer 113 covers the activation layer
121. The activation layer 121 may include inorganic semi-
conductor materials (such as amorphous silicon or polysili-
con), or organic semiconductor materials, and may have a
source region, a drain region, and a channel region between
the source region and the drain region.

[0094] A gate electrode 122 is disposed on the gate insu-
lating layer 113, and an interlayer insulating layer 114 covers
the gate electrode 122. Source and drain electrodes 123 are
disposed onthe interlayer insulating layer 114 and contact the
activation layer through contact holes 124. A planarization
layer 115 covers the source and drain electrodes 123. It is
understood that the stack structure of the TFT is not limited to
this constructions, but rather the TFT may have any suitable
structure.

[0095] The first electrode 131 of the organic light emitting
device is formed on the planarization layer 115, and is elec-
trically connected to the source and drain electrodes 123 via
a through hole 130. A pixel definition layer (not shown) is a
thin inorganic layer formed on the first electrode 131. An
opening is formed in the pixel definition layer to expose the
first electrode 131 through the opening.

[0096] The following Examples are presented for illustra-
tive purposes only and do not limit the scope of the present
invention.

Synthesis Example 1
Synthesis of Intermediate 1

[0097] 7 g (30 mmol) of 2-bromobiphenyl, 7.62 g (45
mmol) of 4-aminobiphenyl, 4.3 g (45 mmol) of t-BuONa,
0.55 g (0.6 mmol) of Pd,(dba),, and 0.12 g (0.6 mmol) of
P(t-Bu); were dissolved with 100 mL of toluene and the
mixture was stirred for 3 hours at a temperature of 90° C.
When the reaction was completed, the reaction solution was
cooled to room temperature and then subjected to extraction
three times with distilled water and 100 mL of diethylether,
thereby obtaining an organic layer. The organic layer was
then dried over magnesium sulfate and the residue obtained
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by evaporating the solvent was isolated and purified by silica
gel column chromatography to obtain 8.77 g (vield: 91%) of
Intermediate 1. The obtained compound was identified by
high resolution mass spectrometry (HR-MS). C, H, ;N talc.:
321.1517; found 321.1519

Svnthesis Example 2
Synthesis of Intermediate 2

[0098] Intermediate 2 (vield: 87%) was synthesized in the
same manner as Intermediate 1, except that 2-bromo-9,9'-
dimethylfluorene was reacted instead of 2-bromobiphenyl.
The obtained compound was identified by HR-MS. C,,H,;N
calc.: 361.1830; found 361.1835

Synthesis Example 3
Synthesis of Intermediate 3

[0099] Intermediate 3 (vield: 85%) was synthesized in the
same manner as Intermediate 2, except that 2-amino-9,9'-
dimethylfluorene was reacted instead of 4-aminobiphenyl.
The obtained compound was identified by HR-MS. C;,H,,N
calc.: 401.2143; found 401.2148

Synthesis Example 4
Synthesis of Intermediate 4

[0100] Intermediate 4 (yield: 81%) was synthesized in the
same manner as Intermediate 1, except that 3-iodo-9-phenyl-
9H-carbazole was reacted instead of 2-bromobiphenyl. The
obtained compound was identified by HR-MS. C; H,,N,
calc.: 410.1783; found 410.1787

Svnthesis Example 5
Synthesis of Intermediate 5

[0101] Intermediate 3 (vield: 80%) was synthesized in the
same manner as Intermediate 2, except that 3-iodo-9-phenyl-
9H-carbazole was reacted instead of 4-aminobiphenyl. The
obtained compound was identified by HR-MS. C;;H,¢N,
calc.: 450.2096; found 450.2100

Intermediate 1

N

oadiee
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-continued

Intermediate 5

Synthesis Example 6
Synthesis of Intermediate 6

[0102] 5 g (20 mmol) of 1-bromo-4-naphthalene boronic
acid, 6.6 g (20 mmol) of 1,4-diiodo benzene, 1.04 g (0.9
mmol) of Pd(PPh,),, and 5.5 g (40 mmol) of K,CO, were
dissolved in 100 mL of a THF/H,O (2:1) mixed solution, and
then the mixture was stirred for 5 hours at a temperature of
80° C. The reaction solution was extracted three times with
600 ml of diethylether. The collected organic layer was dried
over magnesium sulfate and the residue obtained by evapo-
rating the solvent was recrystallized with dichloromethane
and normal hexane (n-hexane), thereby obtaining 6.5 g (vield
79%) of Intermediate 6. The obtained compound was identi-
fied by HR-MS. C, ;H,,Brl calc.: 407.9011; found 407.9015

Svnthesis Example 7
Synthesis of Intermediate 7

[0103] 5 g (20 mmol) of 1-bromo-4-naphthalene boronic
acid, 8.92 g (20 mmol) of 2,7-diiodo-9,9'-dimethylfluorene,
1.04 g (0.9 mmol) of Pd(PPh,),, and 5.5 g (40 mmol) of
K,CO, were dissolved in 100 mL of a THF/H,0(2:1) mixed
solution, and then the mixture was stirred for 5 hours at a
temperature of 80° C. The reaction solution was extracted
three times with 600 ml of diethylether. The collected organic
layer was dried over magnesium sulfate and the residue
obtained by evaporating the solvent was recrystallized with
dichloromethane and normal hexane (n-hexane), thereby
obtaining 7.9 g (vield 75%) of Intermediate 7. The obtained
compound was identified by HR-MS. C,;H, Brl calc.: 523.
9637; found 523.9642

37
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Intermediate 6

Intermediate 7

Synthesis Example 8
Synthesis of Intermediate 8

[0104] 4.38 g (20 mmol) of naphthalene-2-phenylamine,
12.3 g (30 mmol) of Intermediate 6, 2.88 g (30 mmol) of
t-BuONa, 0.36 g (0.4 mmol) of Pd,(dba),, and 0.08 g (0.4
mmol) of P(t-Bu), were dissolved in 100 mL of toluene and
then the mixture was stirred for 3 hours at a temperature of
90° C. When the reaction was completed, the reaction solu-
tion was cooled to room temperature and then extracted three
times with distilled water and 100 mL of diethylether, thereby
obtaining an organic layer. The organic layer was dried over
magnesium sulfate and the residue obtained by evaporating
the solvent was isolated and purified by silica gel column
chromatography to obtain 8.8 g (yield 88%) of Intermediate
8. The obtained compound was identified by HR-MS.
C,;,H,,BrN calc.: 499.0936; found 499.0940

Synthesis Example 9
Synthesis of Intermediate 9

[0105] 6.43 g (20 mmol) of Intermediate 1, 12.3 g (30
mmol) of Intermediate 6, 2.88 g (30 mmol) oft-BuONa, 0.36
¢ (0.4 mmol) of Pd,(dba);, and 0.08 g (0.4 mmol) of P(t-Bu),
were dissolved in 100 mL of toluene and then the mixture was
stirred for 3 hours at a temperature of 90° C. When the
reaction was completed, the reaction solution was cooled to
room temperature and then extracted three times with dis-
tilled water and 100 mL of diethylether. thereby obtaining an
organic layer. The organic layer was dried over magnesium
sulfate and the residue obtained by evaporating the solvent
was isolated and purified by silica gel column chromatogra-
phy to obtain 7.7 g (yield 64%) of Intermediate 9. The
obtained compound was identified by HR-MS. C, H,,BrN
calc.: 601.1405; found 601.1409

Synthesis Example 10
Synthesis of Intermediate 10

[0106] Intermediate 10 (yield: 61%) was synthesized in the
same manner as Intermediate 9, except that Intermediate 2
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was reacted instead of Intermediate 1. The obtained com-
pound was identified by HR-MS. C,;H;,BrN calc.: -continued
641.1718; found 641.1722 Intermediate 10

Synthesis Example 11 Q
Synthesis of Intermediate 11
[0107] Intermediate 11 (yield: 58%) was synthesized in the

same manner as Intermediate 9, except that Intermediate 3
was reacted instead of Intermediate 1. The obtained com-

pound was identified by HR-MS. C,4H,;(BrN calc.: 6812031;
found 6812035 Br N
Synthesis Example 12 O

Synthesis of Intermediate 12

[0108] Intermediate 12 (yield: 63%) was synthesized in the
same manner as Intermediate 9, except that Intermediate 4
was reacted instead of Intermediate 1. The obtained com-
pound was identified by HR-MS. C,;H;,BrN, calc.: 690.
1671; found 690.1675

Intermediate 11

Synthesis Example 13

Synthesis of Intermediate 13

[0109] Intermediate 13 (yield: 60%) was synthesized in the C’

same manner as Intermediate 9, except that Intermediate 5

was reacted instead of Intermediate 1. The obtained com-
pound was identified by HR-MS. C,,H;,BrN, calc.: 730. 3 N
1984; found 730.1988 '
Intermediate § O
” Q O " Q
O Intermediate 12

Intermediate 9

N
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-continued

Intermediate 13

Synthesis Example 14
Synthesis of Intermediate 14

[0110] 6.43 g (20 mmol) of Intermediate 1, 15.7 g (30
mmol) of Intermediate 7, 2.88 g (30 mmol) of t-BuONa, 0.36
¢ (0.4 mmol) of Pd,(dba);, and 0.08 g (0.4 mmol) of P(t-Bu),
were dissolved in 100 mL of toluene and then the mixture was
stirred for 3 hours at a temperature of 90° C. When the
reaction was conmipleted, the reaction solution was cooled to
room temperature and then extracted three times with dis-
tilled water and 100 mL of diethylether, thereby obtaining an
organic layer. The organic layer was dried over magnesium
sulfate and the residue obtained by evaporating a solvent was
isolated and purified by silica gel column chromatography to
obtain 8.91 g (yield 62%) of Intermediate 14. The obtained
compound was identified by HR-MS. C ,H; BrN calc.: 717.
2031; found 717.2035

Synthesis Example 15
Synthesis of Intermediate 15

[0111] 15.05 g (60 mmol) of 1-bromo-4-naphthalene
boronic acid, 12.5 g (10 mmol) of tris-4-bromophenylamine,
1.73 g (1.5 mmol) of Pd(PPh,),, and 6.22 g (45 mmol) of
K,CO; were dissolved in 100 mL. of a THF/H,0(2:1) mixed
solution and then the mixture was stirred for 5 hours at a
temperature of 80° C. The reaction solution was extracted
three times with 600 ml of diethylether, thereby obtaining an
organic layer. The organic layer was dried over magnesium
sulfate and the residue obtained by evaporating the solvent
was recrystallized with dichloromethane and normal hexane
(n-hexane), thereby obtaining 4.47 g (vield 52%) of Interme-
diate 15. The obtained compound was identified by HRMS.
C,sH;oBr;N cale.: 856.9928; found 856.9932
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Synthesis Example 16
Synthesis of Intermediate 16
[0112] 10 g (20 mmol) of Intermediate 8, 5.1 g (26 mmol)

of benzophenone hydrazone, 2.88 g (30 mmol) of t-BuONa,
0.09 g (0.4 mmol) of Pd(OAc),, and 0.19 g (0.4 mmol) of
2-dicyclohexylphosphino-2'4',6'-triisopropylbiphenyl were
dissolved in 60 mL of toluene and the mixture was stirred for
3 hours at a temperature of 90° C. The reaction solution was
cooled to room temperature and then distilled water was
added thereto, and the resultant solution was extracted twice
with 100 mL of diethylether and once with 100 mL of dichlo-
romethane, thereby obtaining an organic layer. The organic
layer was dried over magnesium sulfate and the residue
obtained by evaporating the solvent was isolated and purified
by silica gel column chromatography to obtain 11.2 g (yield
91%) of Intermediate 16. The obtained compound was iden-
tified by HR-MS. CsH;;N; calc.: 615.2674; found 615.2678

Synthesis Example 17

Synthesis of Intermediate 17

[0113] 6.15 g (10 mmol) of Intermediate 16, 3.8 g (20
mmol) of p-toluenesulfonic acid monohydrate, and 2.94 g (15
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mmol) of benzylphenylketone were mixed with 40 mL of
ethanol and 60 mL of toluene and the mixture was stirred at a
temperature of 110° C. for 24 hours. The reaction product was
cooled to room temperature, distilled water was added thereto
and the product was washed twice with 100 mL of diethyl-
ether and twice with 100 mL of dichloromethane, thereby

Br N N
LN
—_—
O O i

Intermediate 8

Ph
—N
\
PH HN N
O o

Intermediate 16
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obtaining an organic layer. The organic layer was dried over
magnesium sulfate and the residue obtained by evaporating
the solvent was isolated and purified by silica gel column
chromatography to obtain 4.41 g (yield 72%) of Intermediate
17. The obtained compound was identified by HR-MS.
C,6H;,N, calc.: 612.2565; found 612.2569

(o]

N
Q -
_—
NI O O Pd,(dba)s,
NaOtBu,
x P(tBu)s

Intermediate 17

Jesebes
1
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Synthesis Example 18
Synthesis of Compound 1

[0114] 3.06 g (5 mmol) of Intermediate 17, 0.94 g (6 mmol)
of bromobenzene, 1.44 g (15 mmol) of --BuONa, 183 mg (0.2
mmol) of Pd,(dba),, and 40 mg (0.2 mmol) of P(t-Bu), were
dissolved in 30 mL of toluene and then the mixture was stirred
for 3 hours at a temperature of 90° C. When the reaction was
completed, the reaction solution was cooled to room tempera-
ture and then extracted three times with distilled water and 40
mL of diethylether, thereby obtaining an organic layer. The
organic layer was dried over magnesium sulfate and the resi-
due obtained by evaporating the solvent was isolated and
purified by silica gel column chromatography to obtain 2.65
g (yield 77%) of Compound 1. The obtained compound was
identified by HR-MS and NMR. C5,H; (N, calc.: 6882878;
found 688.2882; 'H NMR (CDCl,, 400 MHz) & (ppm) 8.49
(d. 1H), 8.23-8.21 (m, 2H), 7.85 (d, 1H), 7.71-7.25 (m, 24H),
7.15(dd, 2H), 6.82 (dt, 1H), 6.56 (dd, 2H), 6.33 (d, 1H), 6.17
(d, 2H).

Synthesis Example 19
Synthesis of Compound 2
[0115]

Intermediate 18

Intermediate 19

Mar. 3, 2011

-continued

-
[0116] Compound 2 (yield: 70%) was synthesized in the
same manner as Compound 1, except that Intermediate 18
and Intermediate 19 were sequentially synthesized using
Intermediate 9 instead of Intermediate 8, and Intermediate 19
was reacted with bromobenzene. The obtained compound
was identified by HR-MS and NMR. C,H,,N, cale.: 790.
3348; found 790.3352; 'HNMR (CDCl,, 400 MHz) & (ppm)

8.25-8.19 (m, 2H), 7.78-7.72 (m, 3H), 7.70-7.63 (m, 6H),
7.58-7.24 (m, 25H), 7.16-7.11 (dd, 2H), 6.87-6.81 (m, 4H).

Synthesis Example 20
Synthesis of Compound 8

[0117]

A @
(> O
QQQ

o8 D

[0118] Compound 8 (yield: 72%) was synthesized in the
same manner as Compound 2, except that Intermediate 19
was reacted with 1-bromonaphthalene. The obtained com-
pound was identified by HR-MS and NMR. C,H,,N, calc.
840.3504; found 840.3508; 'H NMR (CDCl,, 400 MHz) &
(ppm) 8.44 (d, 1H), 8.25-8.19 (m, 2H), 7.78-7.72 (m, 3H),
7.70-7.61 (m, 6H), 7.55 (t, 2H), 7.48-7.25 (m, 27H), 6.48-6.
41 (m, 3H).
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Synthesis Example 19
Synthesis of Compound 29
[0119]

Intermediate 20

zh

Intermedlate 21

ot
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-continued

29
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[0120] Compound 29 (yield: 70%) was synthesized in the
same manner as Compound 1, except that Intermediate 20
and Intermediate 21 were synthesized using Intermediate 10
instead of Intermediate 8, and Intermediate 21 was reacted
with 4-bromobiphenyl. The obtained compound was identi-
fied by HR-MS and NMR. C.H,N, cale. 906.3974; found
906.3978; 'H NMR (CDCl,, 400 MHz) & (ppm) 8.25-8.21
(m, 2H), 7.98 (d, 1H), 7.76 (d, 2H), 7.70-7.62 (m, 4H), 7.60-
7.53 (m, 5H), 7.47-7.20 (m, 21H), 7.05 (d, 1H), 6.95 (t, 1H),
6.79 (d, 2H), 6.64-6.59 (m, 4H), 6.53 (d, 1H), 1.96 (s, 6H).

Synthesis Example 20
Synthesis of Compound 32

[0121]

Intermediate 22

O
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[0122] Compound 32 (yield: 65%) was synthesized in the
same manner as Compound 1, except that Intermediate 22 -continued
and Intermediate 23 were synthesized using Intermediate 14
instead of Intermediate 8, and Intermediate 23 was reacted
with bromobenzene. The obtained compound was identified
by HR-MS and NMR. C;H, N, calc. 906.3974; found 906.
3978; 'H NMR (CDCl,, 400 MHz) & (ppm) 8.25-8.18 (m,
2H), 7.76-7.72 (m, 3H), 7.69-7.62 (m, 4H), 7.60-7.25 (m,
22H), 7.22 (s, 1H), 7.13-7.03 (m, 6H), 6.96 (d, 1H), 6.83 (d,
4H), 6.73 (d, 1H), 1.98 (s, 6H).

Intermediate 25

Synthesis Example 21

Synthesis of Compound 58

[0123]

Intermediate 24

I}NN [0124] Compound 58 (yield: 69%) was synthesized in the
—N Q same manner as Compound 1, except that Intermediate 24

and Intermediate 25 were synthesized using Intermediate 11
instead of Intermediate 8, and Intermediate 25 was reacted
with bromobenzene. The obtained compound was identified

. by HR-MS and NMR. C¢H;, N, cale. 870.3974; found 870.
3978; 'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.24-8.21 (m,
2H), 7.98 (d, 2H), 7.72-7.65 (m, 4H), 7.60-7.20 (m, 20H),
7.13 (d, 2H), 7.06 (d, 2H), 6.95 (t, 2H), 6.78 (d, 2H), 6.72 (d,
2H), 1.97 (s, 12H).
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Synthesis of Compound 81

[0125]

Intermediate 26
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Intermediate 27
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[0126] Compound 81 (yield: 73%) was synthesized in the

same manner as Compound 1, except that Intermediate 26 -continued

and Intermediate 27 were synthesized using Intermediate 15

instead of Intermediate 8, and Intermediate 27 was reacted

with bromobenzene. The obtained compound was identified

by HR-MS and NMR. C, H,,N, calc. 1424.5757; found

1424.5761; "H NMR (CDCl,, 400 MHz) § (ppm) 8.25-8.20

(m, 3H), 7.72-7.65 (m, 3H), 7.55 (t, 3H), 7.52-7.25 (m, 57H), Tntermediate 29
7.11-7.05 (m, 3H), 6.93 (d, 3H).

Synthesis Example 23
Synthesis of Compound 84

080
N
0 g bb
;%N & -
()

O
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[0128] Compound 84 (yield: 71%) was synthesized in the
same manner as Compound 1, except that Intermediate 28
and Intermediate 29 were synthesized using Intermediate 12
instead of Intermediate 8, and Intermediate 29 was reacted
with bromobenzene. The obtained compound was identified
by HR-MS and NMR. C¢¢H,sN; cale. 879.3613; found 879.
3617; 'H NMR (CDCl,, 400 MHz) § (ppm) 8.25-8.20 (m,
2H),7.93 (d, 1H), 7.76 (d, 2H), 7.71-7.64 (m, 4H), 7.69-7.25
(m, 30H), 7.05 (d, 2H), 6.86-6.79 (m, 4H).

Synthesis Example 24
Synthesis of Compound 99

[0129]

Intermediate 30

9, }}N
579y

N
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[0130] Compound 99 (yield: 62%) was synthesized in the
same manner as Compound 1, except that Intermediate 30
and Intermediate 31 were synthesized using Intermediate 13
instead of Intermediate 8, and Intermediate 31 was reacted
with bromobenzene. The obtained compound was identified
by HR-MS and NMR. CH,,N; cale. 919.3926; found 919.
3930; 'H NMR (CDCl,, 400 MHz) & (ppm) 8.24-8.20 (m,
2H),7.98 (d, 1H), 7.93 (d, 1H), 7.71-7.65 (m, 2H), 7.60-7.20
(m,30H).7.14 (d, 1H). 7.05 (d, 2H), 6.95 (t, 1H), 6.79 (d, 2H),
6.72 (d, 1H), 1.95 (s, 6H).

QA H o
®

Example 1

[0131] An anode was prepared by cutting a Corning 15
Qcm? (1200 A) ITO glass substrate to a size of 50 mmx50
mmx0.7 mm, ultrasonically cleaning the glass substrate using
isopropyl alcohol and pure water for S minutes each, and then
irradiating with UV light for 30 minutes and exposing to
ozone to clean. Then, the anode was mounted in a vacuum
deposition apparatus.

[0132] 2-TNATA (represented below) was vacuum-depos-
ited on the glass substrate to form a HIL having a thickness of
600 A. Compound 1 (as a hole transport material) was
vacuum deposited on the HIL to form a HTL having a thick-
ness of 300 A.
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[0133] Then, Alg; (as a green fluorescent host) and C545T
(as a green fluorescent dopant) were simultaneously depos-
ited in a weight ratio of 98:2, respectively, on the HTL, to
form an EML having a thickness of 300 A.

[0134] Then, Alg; was deposited on the EML to form an
ETL having a thickness of 300 A, and then LiF (which is a
halogenated alkali metal) was deposited on the ETL to form
an EIL having a thickness of 10 A. Then, Al was deposited on
the EIL to a thickness of 3000 A (cathode), thereby forming
a LiF/Al electrode. As a result, the manufacture of an organic
light-emitting device was completed.

Example 2

[0135] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
2 was used as the hole transport material.

Example 3

[0136] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
8 was used as the hole transport material.

Example 4

[0137] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
29 was used as the hole transport material.

Example 5

[0138] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
32 was used as the hole transport material.

Example 6

[0139] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
58 was used as the hole transport material.
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Example 7

[0140] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
81 was used as the hole transport material.

Example 8

[0141] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
84 was used as the hole transport material.

Example 9

[0142] An organic luminescence device was manufactured
in the same manner as in Example 1, except that Compound
99 was used as the hole transport material.

Comparative Example 1

[0143] An organic luminescence device was manufactured
in the same manner as Example 1, except that the HTL was
formed using 4,4'-bis[N-(1-naphthyl)-N-phenylamino]bi-
phenyl (hereinafter referred to as NPB) instead of Compound
1.

avavs
SaTa S

[0144] Driving voltage, brightness, color coordinates, and
luminescent efficiency of the organic luminescence devices
manufactured according to Examples 1-9 and Comparative
Example 1 were measured at a current density of 50 mA/cm®.
The results are shown in Table 1 below.

NPB

TABLE 1
Hole Driving Bright- Luminescent
transport  voltage  ness Color efficiency

material (V) (ed/m?) coordinate (cd/A)

Example 1 Compound ~ 6.45 8340 (0310, 16.68
1 0.643)

Example 2 Compound ~ 6.47 8120 (0311, 16.24
2 0.642)

Example 3 Compound ~ 6.48 8096 {0.309, 16.19
8 0.642)

Example 4 Compound ~ 6.45 8620 (0.310, 17.24
29 0.642)

Example 5 Compound  6.43 8590 (0.311, 17.18
32 0.641)

Example 6 Compound  6.54 7920 (0311, 15.84
58 0.641)

Example 7 Compound ~ 6.82 7624 (0312, 15.24
81 0.643)

Example 8 Compound ~ 6.49 8132 0.310, 16.26
84 0.642)

Example 9 Compound ~ 6.79 7842 (0.312, 15.68
99 0.642)

Comparative NPB 7.45 6102 (0.309, 12.2

Example 1 0.642)

[0145] The driving voltages of all of the organic lumines-
cence devices using the amine compounds represented by
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Formula 1 as the hole transport material were lower by 1V or
more than that of the organic luminescence device using
NPB. Also, the organic luminescence devices using the amine
compounds represented by Formula 1 showed improved
I-V-L characteristics (meaning high efficiency). In particular,
the lifetime of the organic luminescence devices manufac-
tured according to Examples 1-9 was increased by 100% or
more compared to that of the organic luminescence device
manufactured according to Comparative Example 1. Life-
times of'the organic luminescence devices are shown in Table
2 below.

[0146] Half-lifetimes of the organic luminescence devices
manufactured according to Examples 1-9 and Comparative
Example 1 were measured. The results are shown in Table 2.

TABLE 2

Hole transport Half lifetime

matetial (hr @ 100 mA/em?)
Example 1 Compound 1 520 hr
Example 2 Compound 2 541 hr
Example 3 Compound 8 523 hr
Example 4 Compound 29 532hr
Example 5 Compound 32 548 hr
Example 6 Compound 58 517 hr
Example 7 Compound 81 487 hr
Example 8 Compound 84 521 hr
Example 9 Compound 99 498 hr
Comparative NFPB 237 hr
Example 1

[0147] Referring to Table 2, it can be seen that the organic
luminescence devices manufactured according to Examples
1-9 had longer half-lifetimes than the organic luminescence
device manufactured according to Comparative Example 1.
[0148] The amine compounds represented by Formula 1
according to embodiments of the present invention have good
electrical characteristics and charge transport characteristics
as well as good hole injection and transport capabilities, and
thus are useful as hole injection material and/or hole transport
materials and as EML host materials.

[0149] Organic luminescence devices according to
embodiments of the present invention including organic lay-
ers including an amine compound of Formula 1 exhibit high
efficiency, low driving voltages, high brightness, and long
lifetimes.

[0150] While the present invention has been illustrated and
described with reference to certain exemplary embodiments,
it is understood by those of ordinary skill in the art that various
modifications and changes may be made to the described
embodiments without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:
1. A heteroarylamine compound comprising a compound
represented by Formula 1:

Formula |

Mar. 3, 2011

wherein:

each of Ar, and Ar, is independently selected from the
group consisting of substituted and unsubstituted
C6-C60 aryl groups, substituted and unsubstituted
C4-C60 heteroaryl groups, and substituted and
unsubstituted C6-C60 condensed polycyclic groups;
X, is selected from the group consisting of substituted and
unsubstituted C6-C30 arylene groups, substituted and
unsubstituted C4-C30 heteroarylene groups, and substi-
tuted and unsubstituted C6-C30 condensed polycyclic
groups; and
each of Ry, R,, and R, is independently selected from the
group consisting of hydrogen atoms, heavy hydrogen
atoms, substituted and unsubstituted C1-C50 alkyl
groups, substituted and unsubstituted C1-C50 alkoxy
groups, substituted and unsubstituted C6-C60 aryl
groups, substituted and unsubstituted C3-C50 carbocy-
clic groups, substituted and unsubstituted C4-C60 het-
ero aryl groups, substituted and unsubstituted C4-C60
heterocyclic groups. substituted and unsubstituted
C6-C60 condensed polycyclic groups, halogen atoms,
cyano groups, hydroxyl groups, and carboxyl groups.
2. The heteroarylamine compound of claim 1, wherein the
compound represented by Formula 1 comprises a compound
selected from the group consisting of compounds represented
by Formulae 2-6:

Formula 2

Formula 3

Formula 4
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-continued

Formula 5

Formula 6

wherein:

each of Ar, through Ar,, Ar,, and Ar,, is independently
selected from the group consisting of substituted and
unsubstituted C6-C60 aryl groups, substituted and
unsubstituted C4-C60 heteroaryl groups, and substi-
tuted and unsubstituted C6-C60 condensed polycyclic
groups;

each of X, X,, X5, Ar,, and Ary is independently selected
from the group consisting of substituted and unsubsti-
tuted C6-C30 arylene groups, substituted and unsubsti-
tuted C4-C30 heteroarylene groups, and substituted and
unsubstituted C6-C30 condensed polycyclic groups;
and

each of R;, R,, and R; is independently selected from the
group consisting of hydrogen atoms, heavy hydrogen
atoms, substituted and unsubstituted C1-C50 alkyl
groups, substituted and unsubstituted C1-C50 alkoxy
groups, substituted and unsubstituted C6-C60 aryl
groups, substituted and unsubstituted C3-C50 carbocy-
clic groups, substituted and unsubstituted C4-C60 het-
ero aryl groups, substituted and unsubstituted C4-C60
heterocyclic groups, substituted and unsubstituted
C6-C60 condensed polycyclic groups, halogen atoms,
cvano groups, hydroxyl groups, and carboxyl groups.

3. The heteroarylamine compound of claim 2, wherein

each of X,, X,, and X; in Formulae 2 through 6 is indepen-
dently selected from the group consisting of:

aUanUats
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4. The heteroarylamine compound of claim 2, wherein
each of Ar, through Ar,, Ar,, and Ar|, in Formulae 2 through
6 is independently selected from the group consisting of:

O COCS
e {%g

>
0O
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5. The heteroarylamine compound of claim 2, wherein
each of R, R,, and R; in Formulae 2 through 6 is indepen-
dently selected from the group consisting of phenyl groups,
4-fluorophenyl groups, naphthalene groups, and biphenyl

groups.
6. The heteroarylamine compound of claim 1, wherein the
\ / compound represented by Formula 1 is selected from the
group consisting of Compounds 1, 2, 8,29, 32, 58, 81, 84 and

99:
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7. An organic luminescence device comprising: a first elec-
trode, a second electrode, and an organic layer between the
first electrode and the second electrode,

wherein the organic layer comprises at least one layer

comprising the heteroarylamine compound of claim 1.

8. The organic luminescence device of claim 7, wherein the
organic layer comprises a hole injection layer or a hole trans-
port layer.

9. The organic luminescence device of claim 7, wherein the
organic layer comprises an emitting layer or a single layer
having hole injection capabilities and hole transport capabili-
ties.

10. The organic luminescence device of claim 7, wherein
the organic layer comprises an emitting layer, and wherein the
compound represented by Formula 1 is host for a fluorescence
or phosphorescence organic light emitting device.

11. The organic luminescence device of claim 7, wherein
the organic layer comprises a hole injection layer, a hole
transport layer, and an emitting layer, wherein the hole injec-
tion layer or the hole transport layer comprises the compound
represented by Formula 1, and the emitting layer comprises
an anthracene compound or a styryl compound.

12. The organic luminescence device of claim 7, wherein
the organic layer comprises a hole injection layer, a hole
transport layer, and an emitting layer, wherein the hole injec-
tion layer or the hole transport layer comprises the compound
represented by Formula 1, and the emitting layer comprises
an arylamine compound.

13. The organic luminescence device of claim 7, wherein
the organic layer comprises a hole injection layer, a hole
transport layer, and an emitting layer, wherein the hole injec-
tion layer or the hole transport layer comprises the compound

A

represented by Formula 1, and the emitting layer comprises a
green emission layer, a blue emission layer, a red emission
layer, and a white emission layer, and at least one of the green
emission layer, the blue emission layer, the red emission
layer, and the white emission layer comprises a phosphores-
cent compound.

14. The organic luminescence device of claim 7, wherein
the organic layer comprises at least one layer selected from
the group consisting of a hole injection layer, a hole transport
layer, an electron blocking layer, an emitting layer, a hole
blocking layer, an electron transport layer, or an electron
injection layer.

15. The organic luminescence device of claim 11, wherein
the organic luminescence device has a first electrode/hole
injection layer/emitting layer/second electrode structure, a
first electrode/hole injection layer/hole transport layer/emit-
ting layer/electron transport layer/second electrode structure,
or a first electrode/hole injection layer/hole transport layer/
emitting layer/electron transport layer/electron injection
layer/second electrode structure.

16. A flat panel display device comprising the organic
luminescence device of claim 7, wherein the first electrode of
the organic light-emitting device is electrically connected to a
source electrode or a drain electrode of a thin-film transistor.

17. An organic luminescence display device comprising a
first electrode, a second electrode, and an organic layer
between the first electrode and the second electrode, wherein
the organic layer comprises at least one layer comprising the
heteroarylamine compound of claim 1, the at least one layer
being formed using a wet process.

N O

®o% ok % %
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