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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0073521, filed on
Aug. 10,2009, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a heterocyclic compound
and an organic light-emitting device including the heterocy-
clic compound.

2. Description of the Related Art

Organic light-emitting devices are self-emission type dis-
play devices and have wide viewing angles, high contrast
ratios, and short response times. Due to these characteristics,
organic light-emitting devices are drawing more attention.

Such organic light-emitting devices can be roughly classi-
fiedinto inorganic light-emitting devices which include emis-
sion layers containing inorganic compounds, and organic
light-emitting devices which include emission layers contain-
ing organic compounds. Organic light-emitting devices have
higher luminance, lower driving voltages, and shorter
response times than inorganic light-emitting devices, and can
render multi-colored displays. In addition, organic light-
emitting devices produce various colors. Thus, much research
into such organic light-emitting devices has been conducted.

Typically, an organic light-emitting device has a stack
structure including an anode, a cathode and an organic emis-
sion layer between the anode and cathode. However, a hole
injection layer and/or a hole transport layer may be further
stacked between the anode and the organic emission layer,
and/or an electron transport layer may be further stacked
between the organic emission layer and the cathode. In other
words, an organic light-emitting device may have an anode/
hole transport layer/organic emission layer/cathode structure
or an anode/hole transport layer/organic emission layet/elec-
tron transport layer/cathode structure.

As the material for forming the hole transport layer,
polyphenyl compounds or anthracene derivatives can be
used. However, organic light-emitting devices including hole
injection layers and/or hole transport layers formed of such
materials do not have satisfactory life span, efficiency, and
power consumption characteristics, thus leaving much room
for improvement.

SUMMARY OF THE INVENTION

According to embodiments of the present invention, a het-
erocyclic compound imparts improved electrical characteris-
tics, charge transporting capabilities and light-emission capa-
bilities.

In some embodiments of the present invention, an organic
light-emitting device includes the heterocyclic compound.

According to other embodiments of the present invention,
a flat panel display device includes the organic light-emitting
device.

In still other embodiments of the present invention, an
organic light-emitting device comprises at least one layer
containing the heterocyclic compound, where the at least one
layer is formed using a wet process.

15

20

25

30

35

40

45

50

55

60

2

According to embodiments of the present invention, a het-
erocyclic compound is represented by Formula 1 below:

Formula 1

In Formula 1, each of R, through R,, is independently
selected from hydrogen atoms, heavy hydrogen atoms, sub-
stituted and unsubstituted C,-C,,, alkyl groups, substituted
and unsubstituted C;-Cs, cycloalkyl groups, substituted and
unsubstituted C,-Cs, alkoxy groups, substituted and unsub-
stituted C5-Cs, aryloxy groups, substituted and unsubstituted
C5-Cs, arylthio groups, substituted and unsubstituted C5-Cy,
aryl groups, amino groups substituted with at least one
R,-Rg, aryl group, substituted and unsubstituted C,-C, het-
eroaryl groups, substituted and unsubstituted C,-Cg, con-
densed polycyclic groups. halogen atoms, cyano groups, nitro
groups, hydroxyl groups, and carboxyl groups. Neighboring
substituents selected from R, through R,, may optionally
bond to each other, thereby forming an aromatic ring.

According to embodiments of the present invention, each
of R, and R, is independently selected from monocyclic to
tetracyclic aryl groups, C,,-Cs, arylamine groups, monocy-
clic to tetracyclic aryl groups, and C, ,-C,, arylamine groups.
Nonlimiting examples of suitable monocyclic to tetracyclic
aryl groups or C,,-Cs, arylamine groups include unsubsti-
tuted phenyl groups, unsubstituted naphthyl groups, unsub-
stituted biphenyl groups, unsubstituted terphenyl groups,
unsubstituted anthracenyl groups, unsubstituted fluorenyl
groups, unsubstituted carbazolyl groups, and unsubstituted
pyrenyl groups. Nonlimiting examples of suitable monocy-
clic to tetracyclic aryl groups include phenyl groups, naphthyl
groups, biphenyl groups, terphenyl groups, anthracenyl
groups, fluorenyl groups, carbazolyl groups, and pyrenyl
groups, each of which may be substituted with a C,-C, alkyl
group. Other nonlimiting examples of suitable monocyclic to
tetracyclic aryl groups include C,-C; alkoxy groups, cyano
groups, amine groups, phenoxy groups, phenyl groups, naph-
thyl groups, and halogen groups. Nonlimiting examples of
suitable C,,-Cs, arylamine groups include those substituted
with at least one C,-C alkyl group, C,-C, alkoxy group,
cyano group, amine group, phenoxy group, phenyl group, or
halogen group.

In some embodiments, R, and R, are the same, R,, R5, Rq
and R, are the same, or RS and R11 are the same.

Each of R, R;, R; and R, may be independently selected
from methyl groups and phenyl groups.

Each of R and R,; may be independently selected from
t-butyl groups, phenyl groups, naphthyl groups, and fluorenyl
groups.
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The heterocyclic compound may include one of Com- -continued
pounds 11, 29, 43, 56, 74 and 82 below: 0
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-continued
74

According to embodiments of the present invention, an
organic light-emitting device includes a first electrode, a sec-
ond electrode, and an organic layer between the first electrode
and the second electrode, wherein the organic layer includes
the heterocyclic compound described above.

According to other embodiments of the present invention,
the organic layer may include a hole injection layer or a hole
transport layer.

According to still other embodiments of the present inven-
tion, the organic layer may include a single film having both
electron injection and electron transport functions.

According to yet other embodiments of the present inven-
tion, the organic layer may include an emission layer.

According to embodiments of the present invention, the
organic layer may include an emission layer, and the hetero-
cylic compound may be a fluorescent or phosphorescent host.

According to embodiments of the present invention, the
organic layer may include an emission layer, and the hetero-
cylic compound may be a fluorescent dopant.

According to embodiments of the present invention, the
organic layer may include an emission layer, an electron
injection layer, or an electron transport layer, and the emis-
sion layer may include an anthracene compound.
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According to embodiments of the present invention, the
organic layer may include an emission layer, an electron
injection layer or an electron transport layer, and the emission
layer may include an arylamine compound.

According to embodiments of the present invention, the
organic layer may include an emission layer, an electron
injection layer or an electron transport layer, and the emission
layer may include a styryl compound.

According to embodiments of the present invention, the
organic layer may include an emission layer, an electron
injection layer or an electron transport layer, and the emission
layer may include a red emission layer, a green emission
layer, a blue emission layer or a white emission layer that
includes a phosphorescent compound.

According to embodiments of the present invention, the
organic layer may include at least one layer selected from a
hole injection layer, a hole transport layer, an electron block-
ing layer, an emission layer, a hole blocking layer, an electron
transport layer, and an electron injection layer.

According to embodiments of the present invention, the
organic light-emitting device may have a first electrode/hole
injection layer/emission layer/second electrode structure, a
first electrode/hole injection layer/hole transport layer/emis-
sion layer/electron transport layer/second electrode structure,
or a first electrode/hole injection layer/hole transport layer/
emission layer/electron transport layer/electron injection
layer/second electrode layer structure.

According to embodiments of the present invention, a flat
panel display device includes the organic light-emitting
device described above, 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.

According to embodiments of the present invention, an
organic light-emitting device includes a first electrode, a sec-
ond electrode, and an organic layer between the first electrode
and the second electrode, wherein the organic layer includes
at least one layer comprising the heterocyclic compound
described above, the at least one layer being formed using a
wet process.

BRIEF DESCRIPTION OF THE DRAWING

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 conjunc-
tion with the attached drawing in which:

FIG. 1 is a diagram of the structure of an organic light-
emitting device according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described with reference
to the accompanying drawings, in which exemplary embodi-
ments of the invention are shown.

A heterocyclic compound according to embodiments of
the present invention is represented by Formula 1 below:

Formula 1
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In Formula 1, each of R, through R,, is independently
selected from hydrogen atoms, heavy hydrogen atoms, sub-
stituted and unsubstituted C,-Cs,, alkyl groups, substituted
and unsubstituted C;-Cs, cycloalkyl groups, substituted and
unsubstituted C,-C, alkoxy groups, substituted and unsub-
stituted C,-Cs,, aryloxy groups, substituted and unsubstituted
C4-Cy, arylthio groups, substituted and unsubstituted C5-Cy,
aryl groups, amino groups substituted with at least one
Rs-Rg, aryl group, substituted and unsubstituted C,-Cy, het-
eroaryl groups, substituted and unsubstituted C,-Cg, con-
densed polycyclic groups, halogen atoms, cyano groups, nitro
groups, hydroxyl groups, and carboxyl groups. Neighboring
substituents selected from R, through R, may optionally
bond to each other, thereby forming an aromatic ring.

Anthracene derivatives have been used as materials for the
organic emission layer. For example, organic light-emitting
devices have been manufactured using phenylanthracene
dimer or trimer compounds. However, such organic light-
emitting devices have narrow energy gaps and lower blue-
light color purity since two or three oligomeric species of
anthracene are linked by conjugation. In addition, such com-
pounds are highly vulnerable to oxidation and thus are liable
to produce impurities, necessitating purification.

In an effort overcome these drawbacks, organic light-emit-
ting devices manufactured using anthracene compounds such
as naphthalene substituted for anthracene at the 1,9 positions
or diphenylanthracene compounds including an aryl group
substituted for a phenyl group at the m-position have been
introduced. However, these organic light-emitting devices
have lower light-emission efficiency.

In addition, organic light-emitting devices have been
manufactured using naphthalene-substituted monoan-
thracene derivatives. However, the light-emission efficiency
of such devices is low at about 1 ¢d/A, and thus such organic
light-emitting devices are not suitable for practical use.

Furthermore, organic light-emitting devices have been
manufactured using phenylanthracene compounds including
an aryl substituent at the m-position. Such compounds have
good thermal resistance but lead to low light-emission effi-
ciency of about 2 cd/A. Thus, further improvement is
required.

The heterocyclic compounds of Formula 1 according to
embodiments of the present invention may be suitable as a
material for an emission layer and/or a charge transport layer
or charge injection layer of an organic light-emitting device.
The heterocyclic compounds of Formula 1 have high glass
transition temperatures (Tg) or melting points due to the
introduction of the heterocyclic group. Thus, the heterocylic
compound has thermal resistance against Joule’s heat gener-
ated in an organic layer, between organic layers, or between
an organic layer and a metallic electrode when light emission
occurs, and has high durability in high-temperature environ-
ments.

An organic light-emitting device manufactured using the
heterocyclic compound of Formula 1 (which includes an
amine ring fused to a fluorene group) has good durability
when stored or operated. In addition, due to the introduction
of a substituent such as a fluorene group or a naphthyl group,
molecular layers formed as thin films may be maintained in
good condition, thereby improving the characteristics of the
organic light-emitting device.

Substituents in the heterocyclic compound of Formula 1
will now be described. Each of R, through R, may be inde-
pendently selected from monocyclic to tetracyclic aryl
groups, C, ,-C,, arylamine groups, substituted monocyclic to
tetracyclic aryl groups, and substituted C,,-Cs, arylamine
groups. Nonlimiting examples of suitable monocyclic to tet-
racyclic aryl groups and C,,-Cs, arylamine groups include
unsubstituted phenyl groups, unsubstituted naphthyl groups,
unsubstituted biphenyl groups, unsubstituted terphenyl
groups, unsubstituted anthracenyl groups, unsubstituted fluo-
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8

renyl groups, unsubstituted carbazolyl groups, and unsubsti-
tuted pyrenyl groups. Nonlimiting examples of suitable sub-
stituted monocyclic to tetracyclic aryl groups include phenyl
groups, naphthyl groups, biphenyl groups, terphenyl groups,
anthracenyl groups, fluorenyl groups, carbazolyl groups, and
pyrenyl groups substituted with at least one C,-C; alkyl
group, C,-C; alkoxy group, cyano group, amine group, phe-
noxy group, phenyl group, naphthy! group, or halogen group.
Nonlimiting examples of suitable substituted C,,-Cs, ary-
lamine groups include those substituted with at least one
C,-Cs alkyl group, C,-C, alkoxy groups, cyano group, amine
group, phenoxy group, phenyl group, or halogen group.

In the heterocyclic compound, R, and R, may be identical
to eachother, R, R5, Ry and Ry may be identical to each other,
or R; and R, may be identical to each other. Thus, some
substituents of the heterocyclic compound of Formula 1 may
be symmetric to each other, or all the substituents of the
heterocyclic compound of

Formula 1 may be symmetric to each other.

Insome embodiments, in Formula 1, each ofR,, R5, Rgand
R, may be independently selected from methyl groups and
phenyl groups.

In some embodiments, in Formula 1, each of R and R},
may be independently selected from t-butyl groups, phenyl
groups, naphthyl groups, and fluorenyl groups.

Substituents described with reference to Formula 1 will
now be described. The unsubstituted C,-Cs, alkyl group used
herein may be linear or branched. Nonlimiting examples of
the alkyl group may include methyl groups, ethyl groups,
propyl groups, isobutyl groups, sec-butyl groups, pentyl
groups, iso-amyl 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
heavy hydrogen atom, a halogen atom, a hydroxyl group, a
nitro group, a cyano group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkenyl group, a C,-C,, alkynyl
group, a C¢-C,, aryl group, or a C,-C ¢ heteroaryl group.

The unsubstituted C;-Cs,, cycloalkyl group refers to a
C;-Cy, alkyl group having a cyclic form. In the unsubstituted
C;-Cy, alkyl group, one or more hydrogen atoms may be
substituted with a substituent such as those described with
reference to the unsubstituted C,-C,, alkyl group.

The unsubstituted C,-Cy, alkoxy group used herein is a
group having a—OA structure in which A is an unsubstituted
C,-Cs, alkyl group as described above. Nonlimiting
examples thereof include methoxy groups, ethoxy groups,
propoxy groups, isopropyloxy groups, butoxy groups, and
pentoxy groups. At least one hydrogen atom of the alkoxy
group may be substituted with a substituent group such as
those previously described with respect to the alkyl groups.

The unsubstituted C¢-Cy, aryl group used herein refers to a
carbocyclic 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
hydrogen atom in the aryl group may be substituted with a
substituent such as those described with reference to the
unsubstituted C,-Cs, alkyl group.

Nonlimiting examples of the substituted or unsubstituted
Cs-C5 aryl group include phenyl groups, C,-C, , alkylphenyl
groups (for example, ethylphenyl groups), halophenyl groups
(for example, o0-, m-, and p-fluorophenyl groups, dichlo-
rophenyl groups), cyanophenyl groups, dicyanophenyl
groups, trifluoromethoxyphenyl groups, biphenyl groups,
halobiphenyl groups, cyanobiphenyl groups, C,-C,, alkyl
biphenyl groups, C,-C,, alkoxybiphenyl groups, o-, m-, and
p-toryl groups, 0-, m-, and p-cumenyl groups, mesityl groups,
phenoxyphenyl  groups, (a,a-dimethylbenzene)phenyl
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groups, (N,N'-dimethyl)aminophenyl groups, (N,N'-diphe-
nyl)aminophenyl groups, pentalenyl groups, indenyl groups,
naphthyl groups, halonaphthyl groups (for example, fluo-
ronaphthyl 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, coronenyl
groups, trinaphthylenyl groups, heptaphenyl groups, hepta-
cenyl groups, pyranthrenyl groups, and ovalenyl groups.

The unsubstituted C,-Cy, heteroaryl group used herein
includes one, two or three hetero atoms selected from N, O, P
and S. If the unsubstituted C,-C, hetercaryl group has at
least two rings, the rings may be fused to each other or linked
to each other by a single bond.

Nonlimiting examples of the unsubstituted C,-Cg,, het-
eroaryl group include pyrazolyl groups, imidazolyl groups,
oxazolyl groups, thiazolyl groups, triazolyl groups, tetrazolyl
groups, oxadiazolyl groups, pyridinyl groups, pyridazinyl
groups, pyrimidinyl groups, triazinyl groups, carbazolyl

\ Br
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groups, indolyl groups, quinolinyl groups, and isoquinolinyl
groups. In addition, at least one hydrogen atom in the het-
eroaryl group may be substituted with a substituent such as
those described with reference to the unsubstituted C,-Cs,
alkyl group.

The unsubstituted C5-Cs,, aryloxy group is represented by
—OA, where A, may be a C;-Cg, aryl group. Nonlimiting
examples of the aryloxy group include phenoxy groups. At
least one hydrogen atom in the aryl group may be substituted
with a substituent such as those described with reference to
the unsubstituted C,-C,, alkyl group.

The unsubstituted C;-C,, arylthiol group is represented by
—SA, where A| may be a C,-Cg, aryl group. Nonlimiting
examples of the arylthiol group include phenylthiol groups,
naphthylthiol groups, and fluorenylthiol groups. At least one
hydrogen atom in the arylthiol group may be substituted with
a substituent such as those described with reference to the
unsubstituted C,-Cs, alkyl group.

The unsubstituted C4-Cy, condensed polycyclic group
used herein 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-Cgo condensed polycyclic group may include some of the
substituents described with reference to the aryl group or the
heteroaryl group.

The heterocyclic compound of Formula 1 may be synthe-
sized through the following reaction scheme.

compound 1

L
\N
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Nonlimiting examples of heterocyclic compounds satisfy- invention include Compounds 1 through 120 represented
ing Formula 1 according to embodiments of the present below.
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An organic light-emitting device according to embodi-
ments of the present invention includes a first electrode, a
second electrode, and an organic layer between the first elec-
trode and the second electrode. The organic layer includes the
heterocylic compound of Formula 1 described above.

The organic layer including the heterocyclic compound of
Formula 1 may be an electron injection layer, a hole transport
layer, or a single layer having both electron injection and
electron transport capabilities. Alternatively, the organic
layer including the heterocyclic compound of Formula 1 may
be an emission layer. When the organic layer including the
heterocyclic compound of Formula 1 is an emission layer, the
heterocyclic compound of Formula 1 may be a fluorescent
host, a phosphorescent host, or a fluorescent dopant.

According to embodiments of the present invention, when
the emission layer, the hole injection layer or the hole trans-
port layer includes the heterocyclic compound of Formula 1,
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the emission layer may include an anthracene compound, an
arylamine compound or a styryl compound, where the
anthracene compound, the arylamine compound or the styryl
compound may be unsubstituted or substituted with a sub-
stituent such as those described with reference to the unsub-
stituted C,-Cs,, alkyl group.

In some embodiments of the present invention, when the
hole injection layer or the hole transport layer includes the
heterocyclic compound of Formula 1, a red emission layer, a
green emission layer, a blue emission layer, or a white emis-
sion layer may include a fluorescent compound.

The first electrode may be an anode, and the second elec-
trode may be a cathode, but the reverse is also possible.

The organic layer may further include at least one layer
selected from a hole injection layer, a hole transport layer, an
electron blocking layer, an emission layer, a hole blocking
layer, an electron transport layer and an electron injection
layer, if desired.
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For example, an organic light-emitting device according to
embodiments of the present invention may have a first elec-
trode/hole injection layer/emission layer/second electrode
structure, a first electrode/hole injection layer/hole transport
layer/emission layer/electron transport layer/second elec-
trode structure, or a first electrode/hole injection layer/hole
transport layer/emission layer/electron transport layer/elec-
tron injection layer/second electrode structure. Alternatively,
the organic light-emitting device may have a first electrode/
single layer having both hole injection and hole transport
capabilities/emission layer/electron transport layer/second
electrode structure, or a first electrode/single layer having
both hole injection and hole transport capabilities/emission
layer/electron transport layer/electron injection layer/second
electrode structure.

According to embodiments of the present invention, the
organic light emitting device may be a top-emission type
organic light-emitting device or a bottom-emission type
organic light-emitting device.

A method of manufacturing an organic light-emitting
device according to embodiments of the present invention
will now be described with reference to FIG. 1. FIG. 1 illus-
trates the structure of an organic light-emitting device accord-
ing to an embodiment of the present invention. Referring to
FIG. 1, an organic light-emitting device includes a substrate,
a first electrode (anode), a hole injection layer (HIL), a hole
transport layer (HTL), an emission layer (EML), an electron
transport layer (ETL), an electron injection layer (EIL), and a
second electrode (cathode).

First, the first electrode is formed on a substrate using a
deposition or sputtering method. The first electrode may be
formed of a first electrode material having a high work func-
tion. The first electrode may be an anode or a cathode. The
substrate may be a substrate conventionally used in organic
light-emitting devices, and may include, for example, a glass
substrate or a transparent plastic substrate, which has excel-
lent mechanical strength, thermal stability, transparency, sur-
face planarity, handling convenience, and water resistance.
The first electrode material may include at least one material
selected from indium tin oxide (ITO), indium zinc oxide
(1Z0), tin oxide (Sn0,), zinc oxide (ZnO), aluminum (Al),
silver (Ag), and magnesium (Mg), which have good conduc-
tivity, and may form a transparent or reflective electrode.

Next, the HIL may be formed on the first electrode using
various methods, for example, vacuum deposition, spin coat-
ing, casting, Langmuir-Blodgett (LB) deposition, or the like.
When the HIL is formed using vacuum deposition, deposition
conditions may vary according to the compound used to form
the HIL, and the structure and thermal characteristics of the
HIL to be formed. For example, the deposition conditions
may include a deposition temperature of about 100 to about
500° C., a vacuum pressure of about 10~® to about 107 torr,
and a deposition rate of about 0.01 to about 100 A/sec.

When the HIL is formed using spin coating, coating con-
ditions may vary according to the compound used to form the
HIL, and the structure and thermal properties of the HIL to be
formed. For example, the coating conditions may include a
coating speed of about 2000 rpm to about 5000 rpm, and a
thermal treatment temperature of about 80° C. to about 200°
C., wherein the thermal treatment serves to remove the sol-
vent after coating.
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The HIL material may include the heterocyclic compound
of Formula 1 described above. Alternatively, known HIL
materials may also be used. Nonlimiting examples of such
HIL materials include phthalocyanine compounds such as
copper phthalocyanine, 4.4'4"-tris(3-methylphenylpheny-
lamino)triphenylamine (m-MTDATA), N,N'-di(1-naphthyl)-
N,N'-diphenylbenzidine) (NPB), TDATA, 2-TNATA, polya-
niline/dodecylbenzenesulfonic acid (Pani/DBSA), poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonic acid (Pani/CSA), and
(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS).
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The HIL. may have a thickness of about 100 A to about
10,000 A. For example, the HIL, may have a thickness of
about 100 A to about 1000 A. When the HIL has a thickness
within these ranges, the HIL. may have good hole injection
characteristics without an increase in driving voltage.

Next, the HTL may be formed on the HIL using various
methods, for example vacuum deposition, spin coating, cast-
ing, LB deposition, or the like. When the HTL is formed using
vacuum deposition or spin coating, the deposition or coating
conditions may be similar to those used to form the HIL,
although the deposition or coating conditions may vary
according to the material that is used to form the HTL.

The HTL material may include the heterocyclic compound
of Formula 1 described above. Alternatively, known HTL
materials may be used. Nonlimiting examples of such HTL
materials include carbazole derivatives such as N-phenylcar-
bazole or polyvinylcarbazole, and amine derivatives having
an aromatic condensed ring, such as NPB, N,N'-bis(3-meth-
ylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD). Among these materials, TCTA may not only transport
holes but also inhibit excitons from being diffused from the
EML.

Soof

TFD
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The HTL may have a thickness of about 50 A to about 1000
A. For example, the HTL may have a thickness of about 100
A to about 600 A. When the HTL has a thickness within these
ranges, the HTL may have good hole transport characteristics
without a substantial increase in driving voltage.

Next, the EML may be formed on the HTL using various
methods, for example, vacuum deposition, spin coating, cast-
ing, LB deposition, or the like. When the EML is formed
using vacuum deposition or spin coating, the deposition or
coating conditions may be similar to those used to form the
HIL, although the deposition and coating conditions may
vary according to the material that is used to form the EML.

The EML may include the heterocyclic compound of For-
mula 1 described above. In particular, the heterocyclic com-
pound of Formula 1 may be used as a host or a dopant. The
EML may be formed using a variety of known light-emitting
materials, in addition to the heterocyclic compound of For-
mula 1. Alternatively, the EML may be formed using a known
host and a dopant. The dopant used to form the EML may
include either a fluorescent dopant or a phosphorescent
dopant.

Nonlimiting examples of suitable hosts include Alq;, CPB
(4,4'-N,N'-dicarbazole-biphenyl), 9,10-di(naphthalen-2-y1)
anthracene (ADN), and distyrylarylene (DSA).

Nonlimiting examples of red dopants include platinum(IT)
octaethylporphyrin (PtOEP), Ir(piq);, Btp,lr(acac), and
DCITB.

PtOEP
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Ir(ppy);(acac) Ir{mpyp)s
Ir(piq); Btp,Ir(acac)
15
Nonlimiting examples of green dopants include Ir(ppy),

(where “ppy” denotes phenylpyridine), Ir(ppy),(acac), Ir(m-

PYD)s, and C545T.
20
25

30  Nonlimiting examples of blue dopants include F,lrpic,
(Foppy ), Ir(tmd), Ir(dfppz)s, ter-fluorene, 4,4'-bis(4-dipheny-
laminostyryl)biphenyl (DPAVBI), and 2,5,8,11-tetra-t-butyl
phenylene (TBP).

(Fappy)ylr(tmd) Ir(dfppz);

DPAVBI
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The amount of the dopant may be about 0.1 to about 20
parts by weight, or about 0.5 to about 12 parts by weight,
based on 100 parts by weight of the EML material (which is
equivalent to the total weight of the host and the dopant).
When the amount of the dopant is within these ranges, con-
centration quenching may be substantially prevented.

The EML may have a thickness of about 100 A to about
1000 A. For example, the EML may have a thickness of about
200 A to about 600 A. When the EML has a thickness within
these ranges, the EML may have good light-emitting charac-
teristics without a substantial increase in driving voltage.

When the EML includes a phosphorescent dopant, a hole
blocking layer (HBL, not shown in FIG. 1) may be formed on
the EML in order to prevent diffusion of triplet excitons or
holes into the ETL. In this case, the HBL may be formed of
any material commonly used to form a HBL, without limita-
tion. Nonlimiting examples of such HBL materials include
oxadiazole derivatives, triazole derivatives, phenathroline
derivatives, Balq, and BCP.

The HBL may have a thickness of about 50 A to about 1000
A. For example, the HBL may have a thickness of about 100
A toabout 300 A. When the HBL has a thickness within these
ranges, the HBL may have excellent hole blocking character-
istics without a substantial increase in driving voltage.

Next, the ETL is formed on the EML (or HBL) using
various methods, for example, vacuum deposition, spin coat-
ing, casting, or the like. When the ETL is formed using
vacuum deposition or spin coating, the deposition or coating
conditions may be similar to those used to form the HIL,
although the deposition and coating conditions may vary
according to the material that is used to form the ETL.

The ETL material may include the heterocyclic compound
of Formula 1 described above. Alternatively, the ETL may be
formed of any known material. Nonlimiting examples of such
ETL materials include quinoline derivatives, such as tris(8-
quinolinolate)aluminum (Alqg;), TAZ, or Balg.
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BAlq

The ETL may have a thickness of about 100 A to about
1000 A. For example, the ETL may have a thickness of about
100 A to about 500 A. When the ETL has a thickness within
these ranges, the ETL may have good electron transport char-
acteristics without a substantial increase in driving voltage.

In addition, the EIL, which facilitates injection of electrons
from the cathode, may be formed on the ETL. An EIL mate-
rial may include the heterocyclic compound of Formula 1
described above. Alternatively, known EIL materials, such as
LiF, NaCl, CsF, Li,0, or BaO, may be used to form the FIL.
The deposition or coating conditions may be similar to those
used to form the HIL, although the deposition and coating
conditions may vary according to the material that is used to
form the EIL.

The EIL may have a thickness of about 1 A to 100 A. For
example, the EIL, may have a thickness of about 5 A to about
90 A. When the EIL has a thickness within the above range,
the EIL may have good electron injection characteristics
without a substantial increase in driving voltage.

Finally, the second electrode may be formed on the EIL
using, for example, vacuum deposition, sputtering, or the
like. The second electrode may be a cathode or an anode. A
second electrode material may include a metal, an alloy, an
electrically conductive compound, or mixtures thereof, all of
which have low work functions. Nonlimiting examples of
such materials include lithium (i), magnesium (Mg), alumi-
num (Al), aluminum-lithium (Al—Li), calcium (Ca), mag-
nesium-indium (Mg—In), and magnesium-silver (Mg—Ag).
In addition, in order to manufacture a top-emission type
organic light-emitting device, a transparent cathode formed
of a transparent material such as ITO or IZO may be used as
the second electrode.

The organic light-emitting device according to embodi-
ments of the present invention may be included in various
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types of flat panel display devices, such as in a passive matrix
organic light-emitting display device or in an active matrix
organic light-emitting display device. In particular, when the
organic light-emitting device is included in an active matrix
organic light-emitting display device including a thin-film
transistor, the first electrode on the substrate may function as
a pixel electrode, electrically connected to a source electrode
ot a drain electrode of the thin-film transistor. Moreover, the
organic light-emitting device may also be included in flat
panel display devices having double-sided screens.
According to embodiments of the present invention, at
least one layer of the organic light-emitting device may be

10

110

formed of the heterocyclic compound of Formula 1 and may
be formed using a deposition method or a wet method of
coating a solution of the heterocylic compound of Formula 1.

The following Examples are presented for illustrative pur-

5 poses only, and donot limit the scope of the present invention.

EXAMPLES
Synthesis Example 1

Synthesis of Compound 11

0 o]
NH, Br
aq HBr, NaNO,, CuBr t-ButylMgCl
_— _—
EtOH
HN Br
0] 6]
intermediate 1
NH,
I\i e
HO
Br Br
KI, NaH,PO,H,0
—_—
o-dichlorobenzene Pd(OAc);, NaOtBu
Br AcOH
HO

intermediate 2

Ph N

intermediate 4

Br.

Br B(OH), Br

Pd(PPhs)s, K>C0;
DME/H,0, 80° C.

Ph
0
{ )\
Ph SN Ph )K/ J
_—
N
H

intermediate 3

\zm

p-TSA

intermediate 5

intermediate 6
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Br O O

intermediate 6

w2 N
\zm

intermediate 5

Pd(dba)s, NaOtBu, P(tBu);

Toluene, 90° C.

compeund 11

Synthesis of Intermediate 1

2.38 g (10 mmol) of 2,6-diaminoanthraquinone was dis-
persed in a 48 weight % HBr aqueous solution, and then 1.41
£ (20.4 mmol) of NaNO, was slowly added thereto at a tem-
perature of 20° C. When gas was no longer generated, a
solution obtained by dissolving 2.95 g (20.6 mmol) of CuBr
in 3 mL of 48 weight % HBr aqueous solution was slowly
added thereto together with 5.0 mL of ethanol. The reaction
temperature was increased to room temperature, and reflux
was performed for 1 hour. The temperature was cooled to
room temperature and then the precipitate generated by add-
ing water was filtered and the filtrate was washed with water
and vacuum dried. The obtained solid was dissolved with
chloroform and passed through silica gel, and then subjected
to reduced pressure to remove solvent. The precipitate was
separated and purified using silica gel column chromatogra-
phy to obtain 1.0 g (yield 28%) of intermediate 1, and this
compound was identified using high-resolution mass spectra
(HR-MS).
Synthesis of Intermediate 2

3.66 g (10 mmol) of Intermediate 1 was dissolved in 50 mL
of tetrahydrofuran (THF) and cooled to -78° C., and 15 mL
(2.0 M in diethylether) of tertiary-buty magnesium chloride
was slowly added to the solution in a nitrogen atmosphere.
Stirring was performed at the same temperature for 30 min-
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utes and then, a cooling device was removed and the tempera-
ture was increased to room temperature. Stirring was per-
formed for one hour and then, when the reaction was
complete, the temperature was cooled to 0° C. and 10 mL of
ammonium chloride aqueous solution was slowly added
thereto. The reaction product was extracted twice using 40
mL of diethylether and then the collected organic layer was
dried over magnesium sulfate, followed by filtration. Solvent
was evaporated, and the residue was separated and purified
using silica gel column chromatography to obtain 3.1 g of
(yield: 65%) Intermediate 2. This compound was identified
using HR-MS.

Synthesis of Intermediate 3

A mixture including 3.1 g (6.43 mmol) of Intermediate 2,
10.7 g (64.7 mmol) of potassiumiodide, and 11.4 g (129
mmol) of sodiumhydrophosphite hydrate was refluxed in a
mixed solution including 600 mL of ortho-dichlorobenzene
and 80 mL of acetic acid for 24 hours. The reaction product
was cooled to room temperature and then extracted with
chloroform and dried using anhydrous magnesium sulfate
and subjected to reduced pressure to remove solvent. The
obtained residue was separated and purified by silica gel
column chromatography to obtain 2.0 g (yield: 69%) of Inter-
mediate 3. This compound was identified using HR-MS.
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Synthesis of Intermediate 4

2.0 g (4.5 mmol) of Intermediate 3, 1.92 g (9.8 mmol) of
benzophenone hydrazone, 1.3 g (13.6 mmol) of t-BuONa, 40
mg (0.2 mmol) of Pd(OAc),, and 96 mg (0.2 mmol) of 2-Di-
cyclohexylphosphino-2',4',6'-triisopropylbipheny! were dis-
solved in 30 mL of toluene and stirred at 90° C. for 3 hours.
The reaction product was cooled to room temperature. Dis-
tilled water was added thereto. The resultant solution was
extracted twice with 80 mL of diethylether and once with 80
mL of dichloromethane. The organic layer was collected and
dried using magnesium sulfate, followed by filtration. Sol-
vent was evaporated, and the residue was separated and puri-
fied by silica gel column chromatography to obtain 2.5 g
(vield: 82%) of Intermediate 4. This compound was identified
using HR-MS.

Synthesis of Intermediate 5

30 mL of methylethylketone was added to 2.5 g (3.8 mmol)
of Intermediate 4 and 1.4 g (15 mmol) of p-toluenesulfon-
icacid monohydrate, and then the resultant solution 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 then, the solution was extracted twice with
100 mL of diethylether and twice with 40 mL of dichlo-
romethane. An organic layer was collected and dried using
magnesium sulfate, followed by filtration. Solvent was
evaporated, and the residue was separated and purified using
silica gel column chromatography to obtain 1.2 g (yield:
77%) of Intermediate 5. This compound was identified using
HR-MS.

Synthesis of Intermediate 6

2.51 g (10 mmol) of 1-bromo-4-naphthalene boric acid,
2.07 g (10 mmol) of 2-boromonaphthalene, 0.58 g (0.5 mmol)
of Pd(PPh;),, and 5.53 g (40 mmol) of K,CO, were dissolved
in 100 ml of a mixed solution of THF/H,O (2:1), and stirred
at 80° C. for 5 hours. The mixture was subjected to extraction
three times with 100 mL of diethyl ether. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was recrystallized with dichloromethane
and normal hexane to obtain 2.5 g (yield: 76%) of Interme-
diate 6. This compound was identified using HR-MS.
Synthesis of Compound 11

Under a N, atmosphere, 2.97 g (7.0 mmol) of Intermediate
5, 5.6 g (16.8 mmol) of Intermediate 6, 4.0 g (42 mmol) of
t-BuONa, 260 mg (0.28 mmol) of Pd,(dba),, and 56 mg (0.28
mmol) of P(t-Bu), were dissolved in 60 ml of toluene, and
then the mixture was stirred at a temperature of 90° C. for 3
hours. After the reaction was completed, the reaction product
was cooled to room temperature and extracted three times
with distilled water and 50 ml of diethylether. An organic
layer was collected and dried using magnesium sulfate to
evaporate the solvent. The residue was separated and purified
using silica gel column chromatography to obtain 4 g (yield:
68%) of Compound 11. This compound was identified using
HR-MS. (calc.; 928.4756, found; 928.4745) (1H-NMR, 400
MHz, CD2CI2: 388.02-7.37 (m,30H), 52.30 (s,6H), 32.25
(s,6H), d 1.47 (s,18H), 13C-NMR: 143.5, 136.1, 134.5,
133.2,132.1,130.5,130.2, 129.3, 128.7, 128.6,128.4, 128.0,
126.3,124.8,124.5,124.3,123.3,123.1,121.5,121.9, 121 4,
121.1,120.5,120.4,120.0,116.3, 115,8,32.3,31.4, 7.0, 5.3).
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Synthesis Example 2

Synthesis of Compound 29

Synthesis of Intermediate 7

intermediate 7

1.2 g (3.0 mmol) of Intermediate 4, 2.28 g (12.0 mmol) of
p-toluenesulfonic acid monohydrate, and 2.4 g (12.0 mmol)
of benzylphenylketone were dissolved in 16 mL of ethanol
and 4 mL of toluene and stirred at 110° C. for 24 hours. The
reaction product was cooled to room temperature. Distilled
water was added thereto and the resultant solution was
extracted twice with 25 mL of diethylether and twice with 25
mL of dichloromethane. The organic layer was collected and
dried using magnesium sulfate, followed by filtration. The
solvent was evaporated, and the residue was separated and
purified using silica gel column chromatography to obtain 1.5
g (yield: 76%) of Intermediate 7. This compound was iden-
tified using HR-MS.

Synthesis of Compound 29

compound 29

Compound 29 was synthesized with a yield of 71% in the
same manner as Compound 11, except that Intermediate 7
was used instead of Intermediate 5, and (4-boromophenyl)-
diphenylamine was used instead of Intermediate 6. This com-
pound was identified using HR-MS. (calc.; 1158.5600,
found; 1158.5612) (1H-NMR, 400 MHz, CD2Cl12: $8.01-
6.50 (m,52H), 81.50 (s,18H), 13C-NMR: 143.4, 136.9,
134.4,134.2,131.1,131.5, 130.2, 129.3, 128.7, 128.6,128.4,
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128.0,1263,124.8,124.5,124.3,123.3,121.5,121.9, 121.4,
121.1,1204, 1163, 115,8,32.3,31.4,7.2, 5.4).

Synthesis Example 3

Synthesis of Compound 43

intermediate 8
HO Ph
Br
Br
HO Ph
intermediate 9
Br
Br
intermediate 10
|/\
7 Ph
% )\
F
oL | NN YT Yy Ph
)\
Ph N = ji 7
/ |

/

<

intermediate 11

mz” N
\zm

Synthesis of Intermediate 8

Intermediate 8 was synthesized with a yield of 65% in the
same manner as Intermediate 2, except that phenyl magne-
sium chloride (2.0M in THF) was used instead of tertiary-
butyl magnesium chloride. This compound was identified
using HR-MS.
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Synthesis of Intermediate 9
Intermediate 9 was synthesized with a yield of 52% in the
same manner as

Intermediate 3, except that Intermediate 8 was used instead
of Intermediate 3. This compound was identified using HR-
MS.

Synthesis of Intermediate 10

Intermediate 10 was synthesized with a yield of 68% in the
same manner as

Intermediate 4, except that Intermediate 9 was used instead
of Intermediate 3. This compound was identified using HR-
MS.

Synthesis of Intermediate 11

Intermediate 11 was synthesized with a yield of 75% in the
same manner as

Intermediate 5, except that Intermediate 10 was used
instead of Intermediate 4. This compound was identified
using HR-MS.

Synthesis of Compound 43

compound 43

Compound 43 was synthesized with a yield of 73% in the
same manner as Compound 11, except that Intermediate 11
was used instead of Intermediate 5, and 3-iodo-9-phenylcar-
bazole was used instead of Intermediate 6. This compound
was identified using HR-MS. (calc.; 946.4035, found;
946.4025), (1 H-NMR, 400 MHz, CD2C12: 68.21-7.80
(m,4H), 87.65-6.90 (m,4H), $2.30 (s,6H), 62.21 (s,6H) 13C-
NMR: 143.4,136.9,136.2,134.4, 134.2,131.1,131.5,130.2,
129.3,128.7,128.6,128.4, 128.0, 127.6,126.3, 124.8, 124.5,
124.3,123.9,123.3,121.5,121.9,121.4,121.1,120.4,116.3,
115,8,12.5,10.8).
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Synthesis Example 4 127.2.126.3,125.5,125.1,124.8, 124.5,124.3,123.9, 123 3,
1215, 121.9, 1214, 121.1, 120.4, 1163, 115.8).

Synthesis of Compound 56 .
Synthesis Example 5

Synthesis of Intermediate 12

Synthesis of Compound 74

intermediate 12
10

intermediate 13

) Q

HO
Br
20
Br
Ho D
Intermediate 12 was synthesized with a yield of 68% inthe 5
same manner as Intermediate 7, except that Intermediate 10
was used instead of Intermediate 4. This compound was iden-
tified using HR-MS. intermediate 14
. 30
Synthesis of Compound 56
compound 56 35
Br
Br
40
intermediate 15
AN
50 |
()
A -
: W
N #
Ph | D YVl T N
Compound 56 was synthesized with a yield of 70% in the Ph)\N N\ \F
same manner as Compound 11, except that Intermediate 12
was used instead of Intermediate 5, and 1-(2-naphthyl)-4- AN
naphthalene boric acid was used instead of Intermediate 6. |
This compound was identified using HR-MS. (calc,; N
1216.4756, found; 1216.4745), (1H-NMR, 400 MHz,
CD2CI2: 87.80-6.90 (m,60H) 13C-NMR: 138.4, 136.9, ¢5 |
136.2,135.4,135.1,133.4,133.1,132.6,131.2,131.1, 131.0, AN

130.6,130.2,129.6,129.3,128.7, 128.6, 128 .4, 128.0, 127.6,



US 8,535,814 B2

119

-continued
intermediate 16
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Synthesis of Intermediate 13

Intermediate 13 was synthesized with a yield of 55% in the
same manner as Intermediate 2, except that 2-naphthylmag-
nesiumbromide (0.5 M in THF) was used instead of tertiary-
butyl magnesium chloride. This compound was identified
using HR-MS.
Synthesis of Intermediate 14

Intermediate 14 was synthesized with a yield of61% in the
same manner as Intermediate 3, except that Intermediate 13
was used instead of Intermediate 3. This compound was iden-
tified using HR-MS.
Synthesis of Intermediate 15

Intermediate 15 was synthesized with a yield of 73% in the
same manner as Intermediate 4, except that Intermediate 14
was used instead of Intermediate 3. This compound was iden-
tified using HR-MS.
Synthesis of Intermediate 16

Intermediate 16 was synthesized with a yield of 71% in the
same manner as Intermediate 5, except that Intermediate 15
was used instead of Intermediate 4. This compound was iden-
tified using HR-MS.

Synthesis of Compound 74

compound 74
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Compound 74 was synthesized with a yield of 74% in the
same manner as Compound 11, except that Intermediate 16
was used instead of Intermediate 5, and (4-bromophenyl)-
diphenylamine was used instead of Intermediate 6. This com-
pound was identified using HR-MS. (calc.; 1050.4661,
found; 1050.4654), (1H-NMR, 400 MHz, CD2CI2: §7.80-
6.90 (m,46H), §2.13 (s,6H), 62.03 (s,6H), I13C-NMR: 139.4,
138.9.136.9,135.3,135.0,133.1, 131.1,131.0, 129.6, 129.3,
128.7,128.6,128.4,128.0,127.6,127.2,126.3,125.5,124.5,
1243, 123.9,123.3,121.5,121.9, 121.4, 121.1, 115,8.13.2,
11.4).

Synthesis Example 6

Synthesis of Compound 82

Synthesis of Intermediate 17

intermediate 17

Intermediate 17 was synthesized with a yield of 75% in the
same manner as Intermediate 7, except that Intermediate 15
was used instead of Intermediate 4. This compound was iden-
tified using HR-MS.

Synthesis of Compound &2

compound 82
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Compound 82 was synthesized with a yield of 66% in the
same manner as Compound 11, except that Intermediate 17
was used instead of Intermediate 5, and 9-bromophenan-
threne was used instead of Intermediate 6. This compound
was identified using HR-MS. (calc.; 1164.4443, found;
1164.4434), (1H-NMR, 400 MHz, CD2Cl2: 57.80-6.90
(m,56H), 13C-NMR: 142.2, 141.5, 140.5, 139.0, 138.4,
136.9,136.0,135.7,135.1,133.4,133.1,132.6,131.2, 131.0,
130.6,130.2,129.6,129.1,128.7,128.6, 128 .4,128.0, 127.6,
125.3,125.5,125.1,124.8,124.5,124.3,123.9,123.3, 122.5,
121.9,121.4,121.1, 120.6, 116.5, 115,4).

Example 1

An anode was prepared by cutting a Corning 15 Qem?
(1200 A) ITO glass substrate to a size of 50 mmx50 mmx0.7
mm, ultrasonically cleaning the glass substrate using isopro-
pyl alcohol and pure water for 5 minutes each, and then
irradiating UV light for 30 minutes and exposing 1o ozone to
clean. Then, the anode was mounted in a vacuum deposition
apparatus.

2-TNATA was vacuum-deposited on the glass substrate to
form a HIL having a thickness of 600 A, and then 4,4'-bis[N-
(1-naphthyl)-N-phenylamino |biphenyl (hereinafter referred
to as NPB) was vacuum deposited on the HIL to form a HTL
having a thickness of 300 A.

Then, Alq; (as a green fluorescent host), and Compound 11
(as a green fluorescent dopant) were simultaneously depos-
ited in a weight ratio of 98:2 on the HTL, to form an EML
having a thickness of 300 A.

Then, Alg; was deposited on the EML to form an ETL
having a thickness of 300 A, and then LiF, which is a halo-
genated 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.

The organic light-emitting device had a driving voltage of
6.20 V at a current density of 50 mA/cm?, a high emission
brightness of 8,642 cd/m?, and an emission efficiency of
18.70 cd/A.

Example 2

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 29 was
used instead of Compound 11 to form the EML.

The organic light-emitting device had a driving voltage of
6.14 V at a current density of 50 mA/cm?, a high emission
brightness of 7,804 cd/m?, and an emission efficiency of
18.09 cd/A.

Exaniple 3

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 43 was
used instead of Compound 11 to form the EML.

The organic light-emitting device had a driving voltage of
6.15 V at a current density of 50 mA/cm?, a high emission

brightness of 7,856 cd/m?, and an emission efficiency of
18.82 cd/A.
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Example 4

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 56 was
used instead of Compound 11 to form the EML.

The organic light-emitting device had a driving voltage of
6.54'V at a current density of 50 mA/cm?, a high emission
brightness of 8,357 cd/m?, and an emission efficiency of
19.04 cd/A.

Example 5

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 74 was
used instead of Compound 11 to form the EML.

The organic light-emitting device had a driving voltage of
6.65V at a current density of 50 mA/cm?, a high emission
brightness of 8,571 cd/m? and an emission efficiency of
18.74 cd/A.

Example 6

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 82 was
used instead of Compound 11 to form the HTL.

The organic light-emitting device had a driving voltage of
632V at a current density of 50 mA/cm?, a high emission
brightness of 7,936 cd/m?, and an emission efficiency of
18.14 cd/A.

Example 7

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 82 was
used instead of Alg; to form the ETL.

The organic light-emitting device had a driving voltage of
6.38 V at a current density of 50 mA/cm?, a high emission
brightness of 8,576 cd/m> and an emission efficiency of
17.94 cd/A.

Comparative Example 1

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that C545T (as a green
fluorescent dopant) was used instead of Compound 11 to form
the EML.

The organic light-emitting device had a driving voltage of
7.85'V at a current density of 50 mA/cm?, a high emission
brightness of 5,641 cd/m> and an emission efficiency of
13.12 cd/A.

The organic light-emitting devices manufactured using the
heterocyclic compounds of Formula 1 according to embodi-
ments of the present invention had driving voltages that were
lower by 1V or greater than devices using C545T, and thus
had higher efficiency and good I-V-L characteristics. In par-
ticular, lifetime characteristics were markedly improved by
100% or greater in the organic light-emitting devices accord-
ing to Examples 1 through 7 compared with the organic
light-emitting device according to Comparative Example 1.
The results are shown in Table 1 below.
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TABLE 1
Halflife
EML material or  Driving Current Efficiency  Emitted span (hr @
ETL material ~ voltage density Brightness [%] Light color 100 mA/cm?)
Example 1 Compound 11 6.20 50 8,642 18.70 green 756 hr
Example 2 Compound 29 6.14 50 7,804 18.09 green 824 hr
Example 3 Compound 43 6.15 50 7,856 18.82 green 775 hr
Example 4 Compound 56 6.54 50 8,357 19.04 blue-green 810 hr
Example 5 Compound 74 6.65 50 8571 18.74 blue-green 805 hr
Example 6 Compound 82 6.32 50 7,936 18.14 green 747 hr
Example 7 Compound 82 6.38 50 8,576 17.94 green 770 hr
Comparative C545T 7.85 50 5,641 13.12 green 351 hr
Example 1

. . . 15
The heterocyclic compounds according to embodiments of

the present invention have good electrical characteristics,
charge transporting capabilities, light-emission capabilities,
and high glass transition temperatures, and thus may be used
as at least one of an electron transporting material or an
emitting material for all-color fluorescent and phosphores-
cent devices, such as red, green, blue, and white fluorescent
and phosphorescent devices. Thus, an organic light-emitting
device with high-efficiency, low driving voltage, high lumi-
nance and long lifespan may be manufactured using the het-
erocylic compounds.

While the present invention has been illustrated and
described with reference to certain exemplary embodiments,
itisunderstood 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 heterocyclic compound comprising a compound rep-
resented by Formula 1:

Formula 1

wherein each of R, R, through R, and R, through R |, is
independently selected from the group consisting of
hydrogen atoms, heavy hydrogen atoms, substituted and
unsubstituted C,-Cs, alkyl groups, substituted and
unsubstituted C5-Cs,, cycloalkyl groups, substituted and
unsubstituted C5-Cs, alkoxy groups, substituted and
unsubstituted C5-Cs,, aryloxy groups, substituted and
unsubstituted C5-Cs, arylthio groups, substituted and
unsubstituted C5-Cg, aryl groups, amino groups substi-
tuted with at least one R5-R ¢, aryl group, substituted and
unsubstituted C,-C, heteroaryl groups, substituted and
unsubstituted C4-C,, condensed polycyclic groups,
halogen atoms, cyano groups, nitro groups, hydroxyl
groups, and carboxyl groups,
wherein each of R,, R;, R; and R, is independently
selected from the group consisting of methyl groups and
phenyl groups, and
wherein two or more neighboring substituents selected
from R,, R, through R,, and R,, through R, may
optionally bond to each other to form an aromatic ring.
2. The heterocyclic compound of claim 1, wherein each of
R, and R, is independently selected from the group consisting
of:
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monocyclic to tetracyclic aryl groups and C,,-Cs, ary-
lamine groups selected from the group consisting of
unsubstituted phenyl groups, unsubstituted naphthyl
groups, unsubstituted biphenyl groups, unsubstituted
terphenyl groups, unsubstituted anthracenyl groups,
unsubstituted fluorenyl groups, unsubstituted carbazolyl
groups, and unsubstituted pyrenyl groups;

substituted monocyclic to tetracyclic aryl groups selected

from the group consisting of phenyl groups, naphthyl
groups, biphenyl groups, terphenyl groups, anthracenyl
groups, fluorenyl groups, carbazolyl groups, and pyre-
nyl groups having at least one substituent selected from
the group consisting of C,-Cy alkyl groups, C,-C;
alkoxy groups, cyano groups, amine groups, phenoxy
groups, phenyl groups, naphthyl groups, and halogen
groups;

substituted C, ,-C,, arylamine groups having at least one

substituent selected from the group consisting of C,-Cs
alkyl groups, C,-C,, alkoxy groups, cyano groups, amine
groups, phenoxy groups, phenyl groups, and halogen
groups.

3. The heterocyclic compound of claim 1, wherein R, and
R, are the same, R, R;, Ry and R, are the same, or Ry and R |,
are the same.

4. The heterocyclic compound of claim 1, wherein the
compound represented by Formula 1 is selected from the
group consisting of Compounds 11, 29, 43, 56, 74 and 82:

11

+ 0
o K
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5. A heterocyclic compound comprising a compound rep-
resented by Formula 1:

Formula 1

wherein each of R, through R ,, R, through R, and R |, is
independently selected from the group consisting of
hydrogen atoms, heavy hydrogen atoms, substituted and
unsubstituted C,-Cs, alkyl groups, substituted and
unsubstituted C5-Cs, cycloalkyl groups, substituted and
unsubstituted C,-C,, alkoxy groups, substituted and
unsubstituted Cs-Cs, aryloxy groups, substituted and
unsubstituted C5-Cs, arylthio groups, substituted and
unsubstituted Cs-Cg, aryl groups, amino groups substi-
tuted with at least one R5-R o, aryl group, substituted and
unsubstituted C,-Cg, heteroaryl groups, substituted and
unsubstituted C4-C,, condensed polycyclic groups,
halogen atoms, cyano groups, nitro groups, hydroxyl
groups, and carboxyl groups,

wherein two or more neighboring substituents selected
from R through R, R through R,0 and R | , may option-
ally bond to each other to form an aromatic ring, and

wherein each of R; and R, is independently selected from
the group consisting of t-butyl groups, phenyl groups,
naphthyl groups, and fluorenyl groups.

6. An organic light-emitting 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 a heterocyclic com-
pound of comprising a compound represented by For-
mula 1:

Formula 1

wherein each of R through R, is independently selected
from the group consisting of hydrogen atoms, heavy
hydrogen atoms, substituted and unsubstituted C,-Cs,
alkyl groups, substituted and unsubstituted C;-Cs,
cycloalkyl groups, substituted and unsubstituted alkoxy
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substituted and unsubstituted Cs-05,, aryloxy

substituted and unsubstituted C;-Cs, arylthio
groups, substituted and unsubstituted C;-Cg4, aryl
groups, amino groups substituted with at least one
Rs-Ry, aryl group, substituted and unsubstituted C,-Cy,
heteroaryl groups, substituted and unsubstituted C4-Cg,
condensed polycyclic groups, halogen atoms, cyano
groups, nitro groups, hydroxyl groups, and carboxyl
groups, and

wherein two or more neighboring substituents selected

from R, through R, , may optionally bond to each other
to form an aromatic ring.

7. The organic light-emitting device of claim 6, wherein the
organic layer comprises a hole injection layer or a hole trans-
port layer.

8. The organic light-emitting device of claim 6, wherein the
organic layer comprises a single film configured for electron
injection and electron transport.

9. The organic light-emitting device of claim 6, wherein the
organic layer comprises an emission layer.

10. The organic light-emitting device of claim 6, wherein
the organic layer comprises an emission layer, and the het-
erocyclic compound is a host for a fluorescent or phospho-
rescent device.

11. The organic light-emitting device of claim 6, wherein
the organic layer comprises an emission layer, and the het-
erocyclic compound is a fluorescent dopant.

12. The organic light-emitting device of claim 6, wherein
the organic layer comprises an electron injection layer or an
electron transport layer, and an emission layer comprising an
anthracene compound or an arylamine compound or a styryl
compound.

13. The organic light-emitting device of claim 6, wherein
the organic layer comprises an emission layer, and an electron
injection layer or an electron transport layer, wherein the
emission layer comprises a red emission layer, a green emis-
sion layer, a blue emission layer or a white emission layer that
comprises a phosphorescent compound.

14. The organic light-emitting device of claim 6, wherein
the organic layer comprises at least one layer selected from
the group consisting ofa hole injection layer, a hole transport
layer, an electron blocking layer, an emission layer, a hole
blocking layer, an electron transport layer, and an electron
injection layer.

15. The organic light-emitting device of claim 14, wherein
the organic light-emitting device comprises a first electrode/
hole injection layer/emission layer/second electrode struc-
ture, a first electrode/hole injection layer’hole transport layer/
emission layer/electron transport layer/second electrode
structure, or a first electrode/hole injection layer/hole trans-
port layer/emission layer/electron transport layer/electron
injection layer/second electrode structure.

16. A flat panel display device comprising the organic
light-emitting device of claim 6, 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. The organic light-emitting device of claim 6,

wherein the at least one layer is formed using a wet process.

groups,
groups,
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. - 8,535,814 B2
APPLICATION NO. : 12/854065

DATED : September 17, 2013
INVENTOR(S) : Yoon-Hyun Kwak et al.

Page 1 of 2

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Col. 123, line 51, Claim 1

Col. 126, Claim 4, Formula 74

Col. 126, Claim 4, Formula 82

Delete “Cs-Csq aH(OXy”,
Insert --C,-Cs alkoxy--

Delete >

Signed and Sealed this
Thirtieth Day of December, 2014

Tcbatle % Zea

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office



CERTIFICATE OF CORRECTION (continued)

U.S. Pat. No. 8,535,814 B2

Col. 127, line 30, Claim 5

Col. 127, line 41, Claim 6

Col. 127, line 59, Claim 6

Col. 128, line 1, Claim 6

Insert --

Delete “R;0”,
Insert --R¢--

Delete “compound of comprising”,
Insert --compound comprising--

Delete “unsubstituted alkoxy”,
Insert --unsubstituted C;-Cs, alkoxy--

Delete “C5-050”,
Insert --C5-C50--

Page 2 of 2



[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

LL-EEPN

RBA

IPCH %S
CPCH(S
£ AR

H AT SRR
ShEREESE

BEG®)

ARB\HERFRERFEMEDNTEZEHREMNBENRREKE, ZMEWEARIRT.

ZEIMULEYRBEENBIR LB YT
US8535814 AT (2 8) B
US12/854065 HiEA

KWAK YOON HYUN
HWANG SEOK HWAN
EHRKOOK

JUNG HYE JIN

i

LIM JING

RFR

KWAK YOON-HYUN
HWANG SEOK-HWAN
ERKOOK

JUNG HYE-JIN
B

LIM JIN-O

RZE
=E£DISPLAY CO. , LTD.

KWAK YOON HYUN
HWANG SEOK HWAN
KIM YOUNG KOOK
JUNG HYE JIN

LEE JONG HYUK
LIMJIN O

SONG HYUNG JUN

KWAK, YOON-HYUN
HWANG, SEOK-HWAN
KIM, YOUNG-KOOK
JUNG, HYE-JIN

LEE, JONG-HYUK
LIM, JIN-O

SONG, HYUNG-JUN

HO1L51/54 CO9K11/06 C07D487/04

2013-09-17

2010-08-10

patsnap

C07D487/04 HO1L51/0058 HO1L51/0061 HO1L51/0072 HO1L2251/308 H01L51/0081 HO1L51/5012

1020090073521 2009-08-10 KR

US20110031485A1

Espacenet USPTO

AW


https://share-analytics.zhihuiya.com/view/7e8b67ad-f57f-4737-b2b2-083f5614d107
https://worldwide.espacenet.com/patent/search/family/043500229/publication/US8535814B2?q=US8535814B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8535814.PN.&OS=PN/8535814&RS=PN/8535814

Formula |




