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7) ABSTRACT

A condensed cyclic compound is represented by Formula 1,
and an organic light-emitting device includes the condensed
cyclic compound. The organic light-emitting device includes
a first electrode, a second electrode facing the first electrode,
and an organic layer. The organic layer includes an emission
layer and the condensed-cyclic compound.

Formula 1
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CONDENSED CYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0028597, filed on
Mar. 11, 2014, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to a condensed cyclic compound and an organic light-
emitting device including the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices (OLEDs) are self-
emission devices that have wide viewing angles, high contrast
ratios, short response times, and good brightness, driving
voltage, and response speed characteristics. Also, OLEDs can
produce full-color images.

[0006] An organic light-emitting device may include a first
electrode disposed on a substrate, and a hole transport region,
an emission layer, an electron transport region, and a second
electrode sequentially disposed on the first electrode. Holes
provided from the first electrode may move toward the emis-
sion layer through the hole transport region, and electrons
provided from the second electrode may move toward the
emission layer through the electron transport region. Carriers,
such as holes and electrons, are recombined in the emission
layer to produce excitons. These excitons change from an
excited state to a ground state, thereby generating light. used
(utilized)

SUMMARY

[0007] Aspects according to one or more embodiments of
the present invention are directed toward a novel condensed
cyclic compound and an organic light-emitting device includ-
ing the same.

[0008] According to an embodiment of the present inven-
tion, acondensed cyclic compound is represented by Formula
1:

Formula 1

In Formula 1,
X, and X, are each independently an oxygen (O)
atom or a sulfur (S) atom;

[0009]
[0010]

[0011] R, is a C4,-C,, aryl group or a C5-C,, heteroaryl
group; and
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[0012] R,toR,, areeachindependently a hydrogen, a deu-
terium, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted C,-C,,
alkenyl group, a substituted or unsubstituted C,-C,, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C, , cycloalkyl group, a sub-
stituted or unsubstituted C,-C , cycloalkenyl group, a substi-
tuted or unsubstituted C5-C |, heterocycloalkyl group, a sub-
stituted or unsubstituted C,-C, , heterocycloalkenyl group, a
substituted or unsubstituted C,-C, aryl group, a substituted
or unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted C4-C,,, aryloxy group, a substituted or unsub-
stituted C4-C,,, arylthio group, or a monovalent C4-C 5, non-
aromatic condensed polycyclic group.

[0013] Each ofthe plurality of R, ;s and each of the plurality
of R, ;s may be the same or different.

[0014] R,andR;, R,and R, R;and R, R, and R,, or two
R,y may optionally combine to form a substituted or unsub-
stituted C,-C,, ring, which may be condensed.

[0015] At least one substituent of the substituted C,;-C,,
alkyl group, substituted C,-C,, alkenyl group, substituted
C,-C,, alkynyl group, substituted C,-C, , alkoxy group, sub-
stituted C5-C,, cycloalkyl group, substituted C5-C,
cycloalkenyl group, substituted C,-C,, heterocycloalkyl
group, substituted C;-C, , heterocycloalkenyl group, substi-
tuted C4-Csq aryl group, substituted C,-C, heteroaryl group,
substituted C4-Cs, aryloxy group, and substituted Cg4-Cy
arylthio group may be:

[0016] a deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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, , alkenyl group, a C,-C, , alkynyl group,
ora C,-C,, alkoxy group; or

[0017] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C,, alkynyl group, or a C,-C, , alkoxy group, substituted
with at least one of a deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amine group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C;-C g cycloalkyl group, a C,-C,  heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a Cg-Cy, aryl group, a C,-Cs, heteroaryl group, a
C¢-Cy, aryloxy group, C,-C,, arylthio group, a monovalent
Cs-C5o non-aromatic condensed polycyclic group, —N(Q, ;)
(Q12), —Si(Q13)(Q14)(Qy5), or —B(Q,6)(Q7): or

[0018] a C,-C,, cycloalkyl group, a C,-C,, cycloalkenyl
group, a C;-C, , heterocycloalkyl group, a C5-C,, heterocy-
cloalkenyl group, a C,-C,, aryl group, a C,-C,, heteroaryl
group, a C4-C, aryloxy group, a C4-C,, arylthio group, or a
monovalent C,-C,, non-aromatic condensed polycyclic
group; or

[0019] a C;-C,, cycloalkyl group, a C5-C,,, cycloalkenyl
group, a C,-C, ; heterocycloalkyl group, a C;-C, , heterocy-
cloalkenyl group, a C,-C;, aryl group, a C,-C;, heteroaryl
group, a C4-C, aryloxy group, a C4-C,, arylthio group, or a
monovalent C,-C;, non-aromatic condensed polycyclic
group, substituted with at least one of a deuterium, a halogen
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atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C,-C, , alkyl group, a C,-C, , alkenyl group, a
C,-C,, alkynyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkyl group, a C,-C, , heterocycloalkyl group, a C5-C
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
Cs-C,, aryl group, a C,-C,,, heteroaryl group, a C4-C,,, ary-
loxy group, a C4-Cs, arylthio group. a monovalent C4-Cy,
non-aromatic condensed polycyclic group, —N(Q,,)(Q,.),

—S1(Q,3)(Q24)(Q25), 0r —B(Q16)(Q;5); or

[0020] —Si(Q3,)(Q3,)(Q55) or —B(Q;,)(Qs5)-
[0021] Intheabovesubstituents, Q,, to Q,,,Q,, to Q,,,and

Q5 t0 Q,5 are each independently ahydrogen, a C,-C, , alkyl
group, a C,-C,, alkenyl group, a C,-C,, alkynyl group, a
C,-C,, alkoxy group, a C,-C,, cycloalkyl group, a C;-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C;-C,, heterocycloalkenyl group, a C,-C,, aryl group, a
C,-C5, heteroaryl group, or a monovalent Cg-C, non-aro-
matic condensed polycyclic group.

[0022] According to another embodiment of the present
invention, an organic light-emitting device includes: a first
electrode; a second electrode facing the first electrode; and an
organic layer between the first and second electrodes and
including an emission layer. The organic layer includes at
least one condensed cyclic compound described above.

BRIEF DESCRIPTION OF THE DRAWING

[0023] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the drawing,
which is a schematic view of an organic light-emitting device
according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0024] Reference will now be made to certain embodi-
ments, examples of which are illustrated in the accompanying
drawing, where like reference numerals refer to like elements
throughout. In this regard, the presented embodiments may
take different forms and should not be construed as being
limited to the descriptions set forth herein. Accordingly, the
presented embodiments are described below by reference to
the drawing to explain certain aspects of the present descrip-
tion. Expressions such as “at least one of,” when preceding a
list of elements, modify the entire list of elements and do not
modify the individual elements of the list. Further, the use of
“may” when describing embodiments of the present inven-
tion refers to “one or more embodiments of the present inven-
tion.”

[0025] A condensed compound according to an embodi-
ment of the present invention is represented by Formula 1
below:
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[0026] InFormulal,
[0027] X, and X, are each independently an oxygen atom
(0) or a sulfur (S) atom;

[0028] R, is a C4,-C,, aryl group or a C5-C,, heteroaryl
group; and
[0029] R,toR,, are eachindependently a hydrogen, a deu-

terium, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted C,-C,,
alkenyl group, a substituted or unsubstituted C,-C, , alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,-C, , cycloalkyl group, a sub-
stituted or unsubstituted C5-C, 4 cycloalkenyl group, a substi-
tuted or unsubstituted C,-C, , heterocycloalkyl group, a sub-
stituted or unsubstituted C;-C,| , heterocycloalkenyl group, a
substituted or unsubstituted C-C,, aryl group, a substituted
or unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted C4-C,, aryloxy group, a substituted or unsub-
stituted C4-C,,, arylthio group, or a monovalent C-C,, non-
aromatic condensed polycyclic group.

[0030] Each ofthe plurality of R, ;s and each of the plurality
of R, ;s may be the same or different;

[0031] R,andR;, R,and R, Rsand R, R, and R,, or two
R,y may optionally combine to form a substituted or unsub-
stituted C,-C,, ring, which may be condensed.

[0032] At least one substituent of the substituted C,-C,
alkyl group, substituted C,-C,, alkenyl group, substituted
C,-C,, alkynyl group, substituted C,-C, , alkoxy group, sub-
stituted C;-C,, cycloalkyl group, substituted C,-C,q
cycloalkenyl group, substituted C;-C,, heterocycloalkyl
group, substituted C;-C,, heterocycloalkenyl group, substi-
tuted C4-C,, aryl group, substituted C,-C, heteroaryl group,
substituted C4-C,, aryloxy group, or substituted C,-Cy,
arylthio group may be:

[0033] a deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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, , alkenyl group, a C,-C,, alkynyl group,
ora C;-C,, alkoxy group; or

[0034] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C,q alkynyl group, ora C,-C, , alkoxy group, substituted
with at least one of a deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amine group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C;-Cq cycloalkyl group, a C5-C,  heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C;-C,, aryl group, a C,-C,, heteroaryl group, a
Cs-C5 aryloxy group, a C4-C,, arylthio group, a monovalent
C¢-Cs, non-aromatic condensed polycyclic group, —N(Q, ;)
(Q12), —Si(Qy3)(Q14)(Qy5), or —B(Q,6)(Q,7): or

[0035] a C;-C,, cycloalkyl group, a C5-C,,, cycloalkenyl
group, a C,-C, ; heterocycloalkyl group, a C;-C, , heterocy-
cloalkenyl group, a C,-C;, aryl group, a C,-C;, heteroaryl
group, a C4-C, aryloxy group, a C4-C,, arylthio group, or a
monovalent C,-C;, non-aromatic condensed polycyclic
group; or
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[0036] a C;-C,, cycloalkyl group, a C,-C,,, cycloalkenyl
group, a C;-C, , heterocycloalkyl group, a C5-C,, heterocy-
cloalkenyl group, a C¢-Cs, aryl group, a C,-Cy, heteroaryl
group, a C,-C,, aryloxy group, a Cg-Cs,, arylthio group, or a
monovalent C,-C;, non-aromatic condensed polycyclic
group, substituted with at least one of a deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C,-C, 5 alkyl group, a C,-C, , alkenyl group, a
C,-C,, alkynyl group, a alkoxy group, a C;-C,, cycloalkyl
group, a C;-C, , heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C;-C, , heterocycloalkenyl group, a C4-C,, aryl
group, a C,-C;, heteroaryl group, a C4-C,, aryloxy group, a
Cs-Cyq arylthio group, a monovalent C4-C;, non-aromatic
condensed polycyclic group, —N(Q,,)(Q.,), —Si(Q.5)
(Q24)(Qa5), or —B(Q,6)(Q,7); or

[0037] —Si(Q3,)(Q52)(Q53) Or —B(Q3)(Qss)-

[0038] Intheabove substituents, Q,, t0 Q,,,Q,, t0 Q,,,and
Q5 to Q45 are each independently ahydrogen, a C, -C, , alkyl
group, a C,-C,, alkenyl group, a C,-C,, alkynyl group, a
C,-C,, alkoxy group, a C,-C,, cycloalkyl group, a C;-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C;-C,; heterocycloalkenyl group, a C4-C,, aryl group, a
C,-C5, heteroaryl group, or a monovalent C4-C,,, non-aro-
matic condensed polycyclic group.

[0039] Inthe above substituents, R, may be a phenyl group,
a naphthyl group, a pyridyl group, or a triazinyl group.
[0040] For example, in some embodiments, R, may be rep-
resented by one of Formulae 2A to 2E below:

24
L3
B
*
e
*
M
N/\|N
A
*
E

N\
—/

Z,

~
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[0041] Insomeembodiments, R, to R,; may be each inde-
pendently:
[0042] ahydrogen, a methyl group, an ethyl group, a propyl

group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, a phenyl
group, a pentalenyl group, an indeny! group, a naphthyl
group, an azulenyl group, an indaceny! group, an acenaphthyl
group, a biphenyl group, a heptalenyl group, a phenalenyl
group, a fluorenyl group, a phenanthrenyl group, an anthryl
group, a fluoranthenyl group, a pyrenyl group, a benzofluo-
renyl group, a naphthacenyl group, a chrysenyl group, a triph-
enylenyl group, a terphenyl group, a perylenyl group, a pice-
nyl group, a hexacenyl group, a spiro-fluorenyl group, a
pyrrolyl group, a furyl group, a pyrazolyl group, an imida-
zolyl group, an oxazolyl group, an isoxazolyl group, a triaz-
olyl group, a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a pyranyl group, a thiophenyl group,
a thiazolyl group, an isothiazolyl group, a thiopyranyl group,
an indolyl group, an isoindoly] group, an indolizinyl group, a
benzofuryl group, an isobenzofuryl group, an indazolyl
group, a benzimidazolyl group, a benzoxazolyl group, a ben-
zisoxazolyl group, an imidazopyridyl group, a purinyl group,
a quinolyl group, an isoquinolyl group, a phthalazinyl group,
a quinazolinyl group, a quinoxalinyl group, a naphthyridinyl
group, a cinnolinyl group, a benzothiophenyl group, a ben-
zothiazolyl group, a carbazolyl group, a pyridoindolyl group,
a dibenzofuryl group, a phenanthridinyl group, a benzo-
quinolyl group, a phenazinyl group, a dibenzosilolyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, or a
dibenzacridinyl group; or

[0043] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group or a decyl group, substituted with
at least one of a deuterium, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, or an amino group; or

[0044] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, an indacenyl
group, an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenanthrenyl
group, an anthryl group, a fluoranthenyl group, a pyrenyl
group, abenzofluorenyl group, a naphthacenyl group, a chry-
senyl group, a triphenylenyl group, a terphenyl group, a
perylenyl group, a picenyl group, a hexacenyl group, a spiro-
fluorenyl group, a pyrrolyl group, a furyl group, a pyrazolyl
group, an imidazolyl group, an oxazolyl group, an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a pyridyl group, a pyrimidinyl group, a pyrazinyl
group, apyridazinyl group, a triazinyl group, a pyranyl group,
a thiopheny] group, a thiazolyl group, an isothiazolyl group,
athiopyranyl group, an indolyl group, an isoindolyl group, an
indolizinyl group, a benzofuryl group, an isobenzofuryl
group, an indazolyl group, a benzimidazolyl group, a benzox-
azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a quinox-
alinyl group, a naphthyridinyi group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a carbazolyl
group, a pyridoindolyl group, a dibenzofuryl group, a
phenanthridiny] group, a benzoquinolyl group, a phenazinyl
group, a dibenzosilolyl group, a dibenzothiophenyl group, or
abenzocarbazolyl group, each substituted with at least one of
a deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, a carboxylic acid group
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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,, alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a C;-C |, cycloalkyl group, a C;-C, ; heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C,-C,, aryl group, a C,-Cy, het-
eroaryl group, a C4-C,, aryloxy group, a C4-C,, arylthio
group, or —Si(Q5,)(Q3,)(Qs3) (Where, Qs to Qs are each
independently a hydrogen, a C,-C,, alkyl group, a C,-C,,
alkoxy group, or a C4-C,, aryl group).

[0045] For example, in some embodiments, R, to R;; may
be each independently:

[0046] ahydrogen, a methyl group, an ethyl group, a propyl
group, a butyl group, a phenyl group, a naphthyl group, a
fluorenyl group, an anthryl group, a pyrenyl group, a chryse-
nyl group or a triphenylenyl group; or

[0047] a methyl group, an ethyl group, a propyl group, a
butyl group, a phenyl group, a naphthyl group, a fluorenyl
group, an anthryl group, a pyreny! group, a chrysenyl group or
a triphenylenyl group, substituted with at least one of a deu-
terium, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, or an amino group. In some embodiments, R, and
R;, R, and Ry, R, and R, Ry and Ry, or two R, s may
optionally combine to form a substituted or unsubstituted
benzene ring.

[0048] InFormula 1, Substituent A and Substituent B (rep-
resented by the dotted lines) may be each independently
represented by one of Formulae 3A to 3E below:

3A

3B

3C

3D
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-continued
3E

[0049] In some embodiments, X, and X, may be identical
to each other.
[0050] In some embodiments, the condensed cyclic com-

pound represented by Formula 1 may be represented by one
of Formulae 1-1 to 1-3 below:

Formula 1-1
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[0051] InFormulae 1-1to 1-3, X is an oxygen (O) atom or
asulfur (S) atom, and R to R, are the same as defined above
with respect to Formula 1.

[0052] For example, in some embodiments, R, may be a
phenyl group, a naphthyl group, a pyridyl group, or a triazinyl
group. For example, R | may be represented by one of Formu-
lae 2A to 2E below:

24
B
*
2
M
N/\|N
x
*
E

N\
—/

Z,

~

[0053] Insome embodiments, R, to Ry, may be each inde-
pendently:
[0054] ahydrogen, a methyl group, an ethyl group, a propyl

group, a butyl group, a phenyl group, a naphthyl group, a
fluorenyl group, an anthryl group, a pyrenyl group, a chryse-
nyl group or a triphenylenyl group; or

[0055] a methyl group, an ethyl group, a propyl group, a
butyl group, a phenyl group, a naphthyl group, a fluorenyl
group, an anthryl group, a pyrenyl group, a chrysenyl group,
or a triphenylenyl group, substituted with at least one of a
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, or an amino group. In some embodiments, R,
and R;, R, and R, R, and R, or R, and R, may optionally
combine to form a substituted or unsubstituted benzene ring.

[0056] InFormulael-1to1-3, Substituent Aland Substitu-
ent Bl (represented by the dotted lines) may be each inde-
pendently represented by one of Formulae 3A to 3E below:
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3A

3B

3C

3D

3E

[0057] In some embodiments, the condensed cyclic com-
pound represented by Formula 1 may be one of compounds
101 to 148 below:

101
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[0058] The compound represented by Formula 1 improves
the transportation of holes or electrons to an emission layer
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due to the substituted carbazole structure, and thus may
increase exciton formation efficiency as the electrons and
holes bind to each other in the emission layer. At the same
time, the stability and efficiency of a thin layer may be
increased by inhibiting crystallization due to the inclusion of
a substituent at the number 9 location of the carbazole. Thus,
an organic light-emitting device including the condensed
cyclic compound represented by Formula 1 may have low
driving voltage, high efficiency, high brightness, and a long
lifespan.

[0059] The condensed cyclic compound represented by
Formula 1 may be synthesized using (utilizing) any suitable
organic synthesis method. Synthesis methods for the con-
densed compounds represented by Formula 1 would be dis-
cernible by those of ordinary skill in the art in view of the
Synthesis Examples detailed later in this disclosure.

[0060] The condensed compound of Formula 1 may be
used (utilized) between a pair of electrodes of an organic
light-emitting device. For example, the condensed cyclic
compound may be included in an electron transport region,
for example, an electron transport layer. Accordingly, an
organic light-emitting device according to an embodiment of
the present invention includes: a first electrode; a second
electrode facing the first electrode; and an organic layer
between the first and second electrodes and including an
emission layer. The organic layer includes at least one of the
condensed cyclic compounds represented by Formula 1
described above.

[0061] The organic layer may further include: a hole trans-
port region between the first electrode and the emission layer;
and an electron transport region between the emission layer
and the second electrode. The electron transport region may
include at least one of a hole blocking layer, an electron
transport layer, and an electron injection layer. The hole trans-
port region may include at least one of an electron blocking
layer, a hole transport layer, and a hole injection layer.
[0062] The expression “(an organic layer) includes at least
onecondensed cyclic compound,” as used herein, refers to the
inclusion of one condensed cyclic compound (of Formula 1)
in the organic layer, and the inclusion of two or more different
condensed cyclic compounds (of Formula 1) in the organic
layer.

[0063] Forexample, the organic layer may include only one
type of condensed cyclic compound. Here, the one type of the
compound may be included in one of the emission layer, the
electron transport layer, or the hole transport layer of the
organic light-emitting device. Alternatively, for example, the
organic layer may include two different types of the con-
densed cyclic compound. Here, the two different types of the
compound may be included in the same layer (for example,
the two different types of the condensed cyclic compound
may both be in the emission layer), or different layers (for
example, one type of the compound may be in the hole trans-
port layer, and the other type of the compound may be in the
electron transport layer).

[0064] Theemission layer, the hole transport region, and/or
the electron transport region may include the condensed
cyclic compound represented by Formula 1.

[0065] For example, the electron transport region may
include the electron transport layer, and the electron transport
layer may include the condensed cyclic compound repre-
sented by Formula 1.

[0066] The expression “organic layer,” as used herein,
refers to a single layer and/or a plurality of layers disposed
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between the first and second electrodes of an organic light-
emitting device. A material included in the “organic layer” is
not limited to an organic material.

[0067] Thedrawing is a schematic view of an organic light-
emitting device 10 according to an embodiment of the present
invention. The organic light-emitting device 10 includes a
substrate 11, a first electrode 13, an organic layer 15, and a
second electrode 17.

[0068] Hereinafter, the structure of an organic light-emit-
ting device according to an embodiment of the present inven-
tion, and a method of manufacturing an organic light-emitting
device according to an embodiment of the present invention,
will be described by reference to the drawing.

[0069] The substrate 11 may be a glass substrate or a trans-
parent plastic substrate, having good mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling, and water resistance.

[0070] The first electrode 13 may be formed by depositing
or sputtering a material for forming the first electrode on the
substrate 11. When the first electrode 13 is an anode, the
material for the first electrode 13 may be a material with a
high work function to more easily inject holes. The first
electrode 13 may be a reflective electrode or a transmissive
electrode. The material for the first electrode 13 may be a
transparent and highly conductive material, and non-limiting
examples of such a material include indium tin oxide (ITO),
indium zinc oxide (IZ0), tin oxide (SnQO,), and zinc oxide
(ZnO). When the first electrode 13 is a semi-transmissive
electrode or areflective electrode, the material for forming the
first electrode 13 may include at least one of magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—Li), calcium
(Ca), magnesium-indium (Mg—In), or magnesium-silver
(Mg—Ag).

[0071] The first electrode 13 may have a single-layered
structure, or a multi-layered structure including two or more
layers. For example, the first electrode 13 may have a three-
layered structure of ITTO/Ag/ITO, but the structure of the first
electrode 13 is not limited thereto.

[0072] The organic layer 15 is disposed on the first elec-
trode 13. The organic layer 15 may include an emission layer.
[0073] The organic layer 15 may further include a hole
transport region between the first electrode 13 and the emis-
sion layer, and an electron transport region between the emis-
sion layer and the second electrode 17.

[0074] Theholetransport region may include at least one of
a hole injection layer (HIL), a hole transport layer (HTL), a
buffer layer, or an electron blocking layer (EBL); and the
electron transport region may include at least one of a hole
blocking layer (HBL), an electron transport layer (ETL), or
an electron injection layer (EIL), but the hole transport region
and the electron transport region are not limited thereto.
[0075] Theholetransport region may have a single-layered
structure formed of a single material, a single-layered struc-
ture formed of different materials, or amulti-layered structure
having a plurality of layers formed of different materials.
[0076] For example, the hole transport region may have a
single-layered structure formed of different materials, a hole
injection layer/hole transport layer structure, a hole injection
layer/hole transport layer/buffer layer structure, a hole injec-
tion layer/buffer layer structure, a hole injection layer/buffer
layer/hole transport layer structure, a hole transport layer/
buffer layer structure, or a hole injection layer/hole transport
layer/electron blocking layer structure, where the layers of
each structure are sequentially stacked from the first electrode
13 in the stated order, but are not limited thereto.
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[0077] When the hole transport region includes a hole _continued
injection layer, the hole injection layer may be formed on the
first electrode 13 using (utilizing) various suitable methods,
such as vacuum deposition, spin coating, casting, a Lang-
muir-Blodgett (LB) method, ink-jet printing, laser-printing,
or laser-induced thermal imaging.

[0078] When the hole injection layer is formed by vacuum
deposition, for example, the vacuum deposition may be per-
formed at adeposition temperature of about 100 to about 500°
C., at a vacuum degree of about 107® to about 10~ Torr, and
at a deposition rate of about 0.01 to about 100 A/sec in
consideration of the compound used for the hole injection
layer, and the structure of the hole injection layer to be
formed.

[0079] When the hole injection layer is formed by spin
coating, the spin coating may be performed, for example, ata
coating rate of about 2,000 rpm to about 5,000 rpm, and at a
temperature of about 80° C. to 200° C. in consideration of the
compound used for the hole injection layer, and the structure
of the hole injection layer to be formed.

Ve
:
s¥one¥e
O O

[0080] When the hole transport region includes a hole
transport layer, the hole transport layer may be formed on the
first electrode 13 or the hole injection layer using (utilizing) TDATA
various suitable methods, such as vacuum deposition, spin
coating, casting, an LB method, ink-jet printing, laser-print-
ing, or laser-induced thermal imaging (LITI). When the hole
transport layer is formed by vacuum deposition or spin coat-
ing, the deposition or coating conditions for the hole transport
layer may be similar to the deposition or coating conditions
described above for the hole injection layer.

[0081] Theholetransport region may include at least one of
a compound represented by Formula 1, m-MTDATA,
TDATA, 2-TNATA, NPB, §-NPB, TPD, Spiro-TPD, Spiro-
NPB, a-NPB, TAPC, HMTPD, 44'4"-tris(N-carbazolyl)

triphenylamine  (TCTA),  polyaniline/dodecylbenzene-
sulfonic acid (PANI/DBSA), poly(3.,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/ C}

>
5

%éﬁj o0

PSS), polyaniline/camphor sulfonicacid (Pani/CSA),
polyaniline/poly(4-styrenesulfonate) (PANI/PSS), a com-
pound represented by Formula 201 below, or a compound
represented by Formula 202 below:

2-TNATA

Qéﬁl
sUonole
s

m-MTDATA NPB
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PANI/PSS
) Formula 201
(L202)ea2—Ra02
Roor—(L20war— N\
(Looskaz—Rao3
Formula 202

Rao— Caorhan (L203)ra3—Raoz

N—(Laos)xa5—N,

L —R,
Ry L202)xa2 (La0a)at 204

[0082] In Formulae 201 and 202,

[0083] L, to L,,; may be each independently a substi-
tuted or unsubstituted C,-C, , cycloalkylene group, a substi-
tuted or unsubstituted C5-C,, heterocycloalkylene group, a
substituted or unsubstituted C,-C, , cycloalkenylene group, a
substituted or unsubstituted C,-C,, heterocycloalkenylene
group, a substituted or unsubstituted C-Cq, arylene group, a
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substituted or unsubstituted C,-Cg, heteroarylene group, or a
substituted or unsubstituted divalent C4-Cy, non-aromatic
condensed polycyclic group;

[0084] xal to xa4 may be each independently 0, 1, 2 or 3;
[0085] xa5maybel,2,3,4o0r5;and
[0086] R,,, to R,ys may be each independently a substi-

tuted or unsubstituted C,-C,, cycloalkyl group, a substituted
orunsubstituted C;-C, , heterocycloalkyl group, a substituted
or unsubstituted C;-C |, cycloalkenyl group, a substituted or
unsubstituted C,-C, ; heterocycloalkenyl group, a substituted
or unsubstituted C,-Cy, aryl group, a substituted or unsubsti-
tuted C,-Cy, heteroaryl group, or a substituted or unsubsti-
tuted monovalent C4-C,, non-aromatic condensed polycyclic
group.

[0087] For example, in some embodiments, in Formulae
201 and 202, L,,, to L,,5 may be each independently:
[0088] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a benzofluoenylene
group, a dibenzofluoenylene group, a phenanthrenylene
group, an anthracenylene group, a pyrenylene group, a chry-
senylene group, a pyridinylene group, a pyrazinylene group,
a pyrimidinylene group, a pyridazinylene group, a quinoli-
nylene group, an isoquinolinylene group, a quinoxalinylene
group, a quinazolinylene group, a carbazolylene group, or a
triazinylene group; or

[0089] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a benzofluoenylene
group, a dibenzofluoenylene group, a phenanthrenylene
group, an anthracenylene group, a pyrenylene group, a chry-
senylene group, a pyridinylene group, a pyrazinylene group,
a pyrimidinylene group, a pyridazinylene group, a quinoli-
nylene group, an isoquinolinylene group, a quinoxalinylene
group, a quinazolinylene group, a carbazolylene group, or a
triazinylene group, substituted with at least one of a deute-
rium, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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 phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthrace-
nyl group, a pyreny! group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, a quinolinyl group, an isoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, or a triazinyl group.

[0090] In some embodiments, xal to xa4 may each inde-
pendently be 0, 1, or 2.

[0091] In some embodiments, xa5 may be 1, 2, or 3.
[0092] In some embodiments, R,y; to R,y may be each
independently:

[0093] aphenyl group, a naphthyl group, a fluorenyl group,

a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group or a triazinyl
group; or

[0094] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
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pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group, substituted with at least one of a deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C-C,, alkyl group, a C,-C,,, alkoxy group, a
phenyl group, a naphthyl group, an azulenyl group, a fluore-
nyl group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthrace-
nyl group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, or a
triazinyl group.

[0095] For example, in some embodiments, the compound

represented by Formula 201 may be represented by Formula
201A below:

Formula 201A
215 /Rlll Roiz Ropg
N
(La02)xa2 =
xal | / / )(—Rzm
“L200—N
\ —

(La03has—Ranz

[0096] Forexample, the compound represented by Formula
201 may be represented by Formula 201 A-1 below, but the
compound represented by Formula 201 is not limited thereto.

Formula 201A-1

(L203)5a3— Ra03

[0097] The compound represented by Formula 202 may be
represented by Formula 202A below, but is not limited
thereto.

Formula 202A
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[0098] InFormulae201A,201A-1,and 202A,L,,, toL,,,
xal to xa3, xa$, and R,,, to R,, are the same as defined
above with respect to Formulae 201 and 202. R,,, and R, ,
may be the same as R,;, defined above with respect to
Formulae 201 and 202. R, 5 to R,; 4 may be each indepen-
dently a hydrogen, a deuterium, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-Cy, alkyl group, a C,-Cg, alkenyl group, aC,-C, alkynyl
group, a C,-C, alkoxy group, a C4-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, aC,-C |, cycloalkenyl group,
a C5-C,, heterocycloalkenyl group, a C4-Cgy, aryl group, a
C-Ce aryloxy group, a C4-Cyy arylthio group, a C,-Cy,
heteroaryl group, or a C4-Cg, non-aromatic condensed poly-
cyclic group.

[0099] Forexample, in Formulae 201 A, 201A-1,and 202A,
[0100] L,,, toL,,; may be each independently:
[0101] a phenylene group, a naphthylene group, a fluore-

nylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group. a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group. an isoquinolinylene group, a quinoxali-
nylene group, a quinazolinylene group, a carbazolylene
group, or a triazinylene group; or

[0102] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group. a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinoxali-
nylene group, a quinazolinylene group, a carbazolylene
group, or a triazinylene group, substituted with at least one of
a deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid 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 phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyi group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, or a triazinyl group;

[0103] xal to xa3 may be each independently O or 1;
[0104] R,.5, R,,;, and R,;, may be each independently:
[0105] a phenyl group, a naphthyl group, a fluorenyl group,

a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group; or

[0106] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
apyrenyl group, a chrysenyl group, a phenanthrenyl group, an
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anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridaziny!l group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyi group, or a triazinyl group, substituted with at least one
of a deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid 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 phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, or a triazinyl group;

[0107] R,,;andR,,, may be each independently:
[0108] a C,-C,, alkyl group or a C,-C,,, alkoxy group; or
[0109] a C,-C,, alkyl group or a C,-C,, alkoxy group,

substituted with at least one of a deuterium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group; or

[0110] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group; or

[0111] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group, substituted with at least one of a deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
assalt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl
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group, an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, or a triazinyl group;

[0112]

[0113] ahydrogen, adeuterium, ahalogen atom, a hydroxyl
group, a cyano group, a nhitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, or a phosphoric acid group or a salt thereof;
or

[0114]

[0115] a C,-C,, alkyl group or a C,-C,, alkoxy group,
substituted with at least one of a deuterium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group; or

[0116] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, or a triazinyl group; or

[0117] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group, substituted with at least one of a deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C,-C, alkyl group, a C,-C, alkoxy group, a
phenyl group, a naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, or a triazinyl group;
and

[0118] xa5 may be 1 or 2.

[0119] InFormulae 201A and 201A-1, R,,; and R, , may
optionally combine to form a saturated or unsaturated ring.

[0120] Non-limiting examples of the compound repre-
sented by Formula 201 and the compound represented by
Formula 202 include compounds HT1 to HT20 illustrated
below.

R,,5; and R,,, may be each independently:

a C,-C,g alkyl group or a C,-C,, alkoxy group; or
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-continued

[0121] The thickness of the hole transport region may be
about 100 A to about 10,000 A, for example, about 100 A to
about 1,000 A. When the hole transport region includes a hole
injection layer and a hole transport layer, the thickness of the
hole injection layer may be about 100 A to about 10,000 A,
for example, about 100 A to about 1,000 A, and the thickness
of the hole transport layer may be about 50 A to about 2,000
A, for example, about 100 A to about 1,500 A. When the
thicknesses of the hole transport region, the hole injection
layer, and the hole transport layer are within these ranges,
satisfactory hole transporting characteristics may be obtained
without a substantial increase in driving voltage.

[0122] The hole transport region may further include, in
addition to these materials, a charge-generation material for
improving the conductive properties. The charge-generation
material may be homogeneously or non-homogeneously dis-
persed in the hole transport region.

[0123] The charge-generation material may be, for
example, a p-dopant. The p-dopant may be one of a quinone
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derivative, a metal oxide, or a cyano group-containing com-
pound, but is not limited thereto. For example, non-limiting
examples of the p-dopant include a quinone derivative (such
as tetracyanoquinonedimethane (TCNQ) or tetrafluorotetra-
cyanoquinodimethane (F4-TCNQ)); a metal oxide (such as
tungsten oxide or molybdenum oxide); and Compound
HATCN  (1,4,5,8,9,11-hexaazatriphenylene-hexacarboni-
trile) illustrated below.

NC o NC N
Y
e
NC o NC oN
TCNQ FATCNQ
o
NC
Xy

/

\

N P Nj:I::CN

N N CN

N
NC)Y
CN

HATCN

[0124] The hole transport region may further include, in
addition to the hole injection layer and the hole transport
layer, at least one of a buffer layer and an electron blocking
layer. The buffer layer may compensate for an optical reso-
nance distance according to the wavelength of light emitted
from the emission layer, and thus, the light-emission effi-
ciency of the resulting organic light-emitting device may be
improved. For use as a material of the buffer layer, materials
of the hole transport region may be used (utilized). The elec-
tron blocking layer reduces or prevents injection of electrons
from the electron transport region.

[0125] Anemission layer is formed on the first electrode 13
or the hole transport region using (utilizing) various suitable
methods, such as vacuum deposition, spin coating, casting, an
LB method, ink-jet printing, laser-printing, or laser-induced
thermal imaging (LWTT). When the emission layer is formed
by vacuum deposition or spin coating, the deposition or coat-
ing conditions for the emission layer may be similar to the
deposition or coating conditions described above for the hole
injection layer.

[0126] When the organic light-emitting device 10 is a full
color organic light-emitting device, the emission layer may
be patterned into ared emission layer, a green emission layer,
and a blue emission layer. In some embodiments, the emis-
sion layer may have a structure in which a red emission layer,
a green emission layer, and a blue emission layer are stacked
over each other; or a structure in which a red-light emission
material, a green-light emission material, and a blue-light
emission material are mixed with each other in a single layer
to emit white light.
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[0127] Theemission layer may include a hostand a dopant.

[0128] Thehost may include at least one of TPBi, TBADN,
ADN (also referred to as “DNA”), CBP, CDBP, or TCP:

N \\N

TPBI
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[0129] According to another embodiment of the present
invention, the host may include a compound represented by
Formula 301 below:

Ar}Ol'[(L.’:Ol)xbl'RSOI]be

[0130] InFormula 301, Ar;,, may be:

[0131] a naphthalene, a heptalene, a fluorenene, a spiro-
fluorenene, a benzofluorenene, a dibenzofluorenene, a phe-
nalene, a phenanthrene, an anthracene, a fluoranthene, a
triphenylene, a pyrene, a chrysene, a naphthacene, a picene, a
perylene, a pentaphene, or an indenoanthracene; or

[0132] a naphthalene, a heptalene, a fluorenene, a spiro-
fluorenene, a benzofluorenene, a dibenzofluorenene, a phe-
nalene, a phenanthrene, an anthracene, a fluoranthene, a
triphenylene, a pyrere, a chrysene, a naphthacene, a picene, a
perylene, a pentaphene, or an indenoanthracene, substituted
with at least one of a deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-Cgp alkyl group, a C,-Cy, alkenyl group, a C,-Cg, alkynyl
group, a C,-C, alkoxy group, a C;-C,, cycloalkyl group, a
C;-C, heterocycloalkyl group, aC,-C, , cycloalkenyl group,
a C5-C,, heterocycloalkenyl group, a C4-Cgy, aryl group, a
Ce-Cyo aryloxy group, a C4-Cy, arylthio group, a C,-Cy,
heteroaryl group, a monovalent C,-C,, non-aromatic con-
densed polycyclic group, or —Si(Qs0,)(Qs0)(Qs05) (Where,
Q50,10 Q55 are each independently a hydrogen, a C,-Cq,
alkyl group, a C,-C, alkenyl group, a C4-Cp aryl group, or a
C,-Cy, heteroaryl group);

[0133] L,, is the same as L,,, described above with
respect to Formulae 201 and 202;

Formula 301

[0134] R,,, may be:
[0135] aC,-C,, alkyl group or a C,-C,, alkoxy group; or
[0136] a C,-C,, alkyl group or a C,-C,, alkoxy group,

substituted with at least one of:

[0137] a deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a phenyl
group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenanthrenyl group, an anthracenyl group, a pyrenyl group,
a chrysenyl group, a pyridinyl group, a pyrazinyl group, a

23
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pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, or a triazinyl group; or

[0138] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazol group, or a triazinyl
group; or

[0139] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group, substituted with at least one of a deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C,-C, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, or a triazinyl group;

[0140] xblis0,1,2,or3; and

[0141] xb2is1,2,3,0r4.

[0142] For example, in Formula 301,

[0143] L, may be:

[0144] a phenylene group, a naphthylene group, a fluore-

nylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a pyrenylene group,
or a chrysenylene group; or

[0145] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a pyrenylene group,
or a chrysenylene group, substituted with at least one of a
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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 phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthrace-

nyl group, a pyrenyl group, or a chrysenyl group;

[0146] R,,, may be:
[0147] a C,-C,, alkyl group or a C,-C,, alkoxy group; or
[0148] a C,-C,, alkyl group or a C,-C,, alkoxy group,

substituted with at least one of a deuterium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
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luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group or a triazinyl
group; or

[0149] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group or a triazinyl
group; or

[0150] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
apyrenyl group, or a chrysenyl group, substituted with at least
oneofadeuterium, ahalogen atom, a hydroxyl group, acyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid 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 phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, or a chrysenyl group.

[0151] For example, the host may include a compound
represented by Formula 301A:

Formula 301A

/N

\ |/
\ |/

[(L3o1)xo1r—R3o1lxe2

[0152] The substituents in Formula 301A are described
above with respect to Formula 301.

[0153] Non-limiting examples of compounds represented
by Formula 301 include at least one of Compounds H1 to H42
below:

H1
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[0154] According to another embodiment of the present
invention, the host may include at least one of Compounds
H43 to H49 below, but the host is not limited theteto:

H43 H46
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[0155] The dopant may be any suitable dopant. For
example, the dopant may be at least one of a fluorescent
dopant or a phosphorescent dopant. The phosphorescent
dopant may be an organic metal complex including Ir, Pt, Os,
Re, Ti, Zr, Hf, or a combination thereof, but is not limited
thereto.

H49

[0156] Non-limiting examples of suitable blue dopants
include the compounds below, including bis[3.5-difluoro-2-
(2-pyridyl)phenyl](picolinato )iridium(IIT) (F,Irpic), (F,ppy)
Llr(tmd), Ir(dfppz),, 4,4'-bis(2,2'-diphenylethen-1-y1)biphe-
nyl (DPVBi), 4,4'-Bis[4-(diphenylamino)styryl|biphenyl
(DPAVBI), and 2,5,8,11-tetra-tert-butyl perylene (TBPe).

F
F
> Ir

N .

)

— —3
—2
[r(dfppz);

(Fappy)olr{tmd)

DPAVBI
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DPABI TPBe

[0157] Additional non-limiting examples of suitable blue

__-continued
dopants include the compounds below:

Ir

N/

X N
! N
Ir
F
| 0 0
F 2
0 F
A~ (HORN \N
[\
3 2N N\
N g
Nl e
S 0 0
>Ir< A
0 0
F

N/

[0158] Non-limiting examples of suitable red dopants
2 include the compounds below, including Pt(I) octaethylpor-
phine (PtOEP), tris(2-phenylisoquinoline)iridium (Ir(piq),),
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bis(2-(2'-benzothienyl)-pyridinato-N,C3"iridium(acetylac-
etonate) (Btp,Ir(acac)), 4-(Dicyanomethylene)-2-methyl-6-
[p-(dimethylamino)styryl]-4H-pyran (DCM), 4-(Dicyanom-
ethylene)-2-tert-butyl-6-(1,1,7,7,-tetramethyljulolidy1-9-
enyl)-4H-pyran (DCJTB), Ir(piq).(acac), Ir(2-phq),(acac),
Ir(2-phq)s, Ir(flq).(acac), or Ir(flig),(acac).

2
Ir(flg),(acac)

Sep. 17, 2015

-continued

[0159] Non-limiting examples of suitable green dopants
include the compounds below, including tris(2-phenylpyri-
dine) iridium (Ir(ppy),), bis(2-phenylpyridine)(Acetylaceto-
nato)iridium(I1I) (Ir(ppy ).(acac)), tris(2-(4-tolyl)phenylpiri-
dine)iridium (Ir(mppy),), or 10-(2-benzothiazolyl)-1,1,7,7-
tetramethyl-2,3,6,7-tetrahydro-1H,5H,11H-[ 1 ]benzopyrano
[6,7,8-1j]-quinolizin-11-one (C545T):

- et =13

Ir(ppy)s Ir(mppy)3
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[0160] In some embodiments, the dopant that may be
included in the emission layer may be a Pt-complex, non-
limiting examples of which include compounds D1 to D50
below:
D7
D8

D9
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[0161] In some embodiments, the dopant that may be
included in the emission layer may be an Os-complex, non-
limiting examples of which include the following com-

pounds:
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[0162] Theamount of the dopant in the emission layer may
be, for example, about 0.01 to about 15 parts by weight based
on 100 parts by weight of the host, but is not limited thereto.
[0163] The thickness of the emission layer may be about
100 A to about 1,000 A, for example, about 200 A to about
600 A. When the thickness of the emission layer is within
these ranges, good light-emission characteristics may be
obtained without a substantial increase in driving voltage.
[0164] Then, an electron transport region may be disposed
on the emission layer.

[0165] The electron transport region may include at least
one of a hole blocking layer, an electron transport layer
(ETL), or an electron injection layer, but is not limited
thereto.

[0166] Forexample, the electron transport region may have
an electron transport layer/electron injection layer structure,
or a hole blocking layer/electron transport layer/electron
injection layer structure, where the layers of each structure
are sequentially stacked from the emission layer in the stated
order, but the electron transport region is not limited thereto.
[0167] According to an embodiment of the present inven-
tion, the organic layer 15 of the organic light-emitting device
10 includes an electron transport region between the emission
layer and the second electrode 17.

[0168] The electron transport region may include a hole
blocking layer. The hole blocking layer may be formed when
the emission layer includes a phosphorescent dopant, and
functions to reduce or prevent diffusion of triplet excitons or
holes into the electron transport layer.

[0169] When the electron transport region includes a hole
blocking layer, the hole blocking layer may be formed on the
emission layer using (utilizing) various suitable methods,
such as vacuum deposition, spin coating, casting, an LB
method, ink-jet printing, laser-printing, or laser-induced ther-
mal imaging. When the hole blocking layer is formed by
vacuum deposition or spin coating, the deposition or coating
conditions for the hole blocking layer may be similar to the
deposition or coating conditions described above for the hole
injection layer.

[0170] The hole blocking layer may include, for example,
at least one of BCP or Bphen, but is not limited thereto:

BCP

Bphen

[0171] The thickness of the hole blocking layer may be
about 20 A to about 1,000 A, for example, about 30 A toabout
300 A. When the thickness of the hole blocking layer is within
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these ranges, the hole blocking layer may have good hole
blocking characteristics without a substantial increase in
driving voltage.

[0172] The electron transport region may include an elec-
tron transport layer. The electron transport layer may be
formed on the emission layer or the hole blocking layer using
(utilizing) various suitable methods, such as vacuum deposi-
tion, spin coating, casting, an LB method, ink-jet printing,
laser-printing, or laser-induced thermal imaging. When the
electron transport layer is formed by vacuum deposition or
spin coating, the deposition or coating conditions for the
electron transport layer may be similar to the deposition or
coating conditions described above for the hole injection
layer.

[0173] The electron transport layer may further include, in
addition to the condensed compound represented by Formula
1, at least one of BCP, Bphen, Algs, Balq, TAZ, or NTAZ,
some of which are illustrated below:

Alg3

Sep. 17, 2015

[0174] In some embodiments, the electron transport layer
may include at least one compound represented by Formula
601:

Argo1-[(Leo)re1 oot lre2 Formula 601

[0175] In Formula 601,

[0176] Ar,, is the same as Ary,,; described above in con-
nection with Formula 301.

[0177] L, isthe sameasL,,, described above in connec-
tion with Formulae 201 and 202;

[0178] Eg, may be:

[0179] a pyrrolyl group, a thiophenyl group, a furanyl
group, an imidazolyl group, a pyrazolyl group, a thiazolyl
group, an isothiazolyl group, an oxazolyl group, an isoox-
azolyl group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pvridazinyl group, an isoindolyl group, an
indolyl group, an indazolyl group, a purinyl group, a quino-
linyl group, an isoquinolinyl group, a benzoquinolinyl group,
a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzooxazolyl group, an isoben-
zooxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, or a benzocarbazolyl group; or
[0180] a pyrrolyl group, a thiophenyl group, a furanyl
group, an imidazolyl group, a pyrazolyl group, a thlazolyl
group, an isothiazolyl group, an oxazolyl group, an isoox-
azolyl group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, an isoindolyl group, an
indolyl group, an indazolyl group, a purinyl group, a quino-
linyl group, an isoquinolinyl group, a benzoquinolinyl group,
a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzooxazolyl group, an isoben-
zooxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, or a
dibenzocarbazolyl group, substituted with at least one of a
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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 phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyrenyl group. a chrysenyl group. a naph-
thacenyl group, a picenyl group, a perylenyl group, a pen-
taphenyl group, a hexacenyl group, a pentacenyl group, a
rubicenyl group, a coronenyl group. an ovalenyl group, a
pyrrolyl group, a thiophenyl group, a furanyl group, an imi-
dazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an iso-
quinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
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quinazolinyl group, a cinnolinyl group, a carbazolyl group, a
phenanthridinyl group, an acridinyl group, a phenanthrolinyl ET1
group, a phenazinyl group, a benzoimidazolyl group, benzo-
furanyl group, a benzothiophenyl group, an isobenzothiaz-
olyl group, a benzooxazolyl group. an isobenzooxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, or a dibenzo-
carbazolyl group;

[0181] xelis0,1,2,0r3;and

[0182] xe2is1,2,3, 0r4.

[0183] In some embodiments, the electron transport layer
may include at least one compound represented by Formula
602 below:

Formula 602
Ls1a)e1s—Re14

X611 ~ Xe13

Re16——(L616)zes1 X512 L615)xe1s—Re15 ET2

[0184] In Formula 602,

[0185] X, is N or C-(Lg;)wsri-Reirs Xein 18 N or
C-(Ls12)xes127Re123 X153 18 N or C-(Lgy3)re615-Re15: and at
least one of X, to X5 is N;

[0186] each of L, to L4 is the same as L, described
above in connection with Formulae 201 and 202;

[0187] R, to Ry may be each independently:

[0188] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl
group; or

[0189] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, or a triazinyl

ET3

group, substituted with at least one of a deuterium, a halogen NZ
atom, a hydroxyl group, a cyano group, a nitro group, an |
amino group, an amidino group, a hydrazine group, a hydra- AN AN

zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an azulenyl group, a fluore-
nyl group, a spiro-fluorenyl group, a benzofluorenyl group, a SN
dibenzofluorenyl group, a phenanthrenyl group, an anthrace- |

nyl group, a pyrenyl group, a chrysenyl group, a pyridinyl

group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl 7
group, a quinolinyl group, an isoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, or a
triazinyl group; and

[0190] xe611 to xe616 are each independently 0, 1, 2 or 3.

[0191] In some embodiments, the compound represented
by Formula 601 and the compound represented by Formula
602 may include at least one of compounds ET1 to ET15
below:

\

/

>0

»
$
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[0192] The thickness of the electron transport layer may be
about 100 A to about 1,000 A, for example, about 150 Ato
about 500 A. When the thickness of the electron transport
layer is within the ranges described above, the electron trans-
port layer may have satisfactory electron transportation char-
acteristics without a substantial increase in driving voltage.

[0193] Also, the electron transport layer may further
include, in addition to the materials described above, a metal-
containing material.

[0194] The metal-containing material may include a Li
complex. The Li complex may include, for example, lithium
quinolate (LiQ) or lithium [2-(2-hydroxyphenyl)benzothiaz-
ole (LiBTz) below:

LiBTz

43
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[0195] The electron transport region may include an elec-
tron injection layer that allows electrons to be easily injected
from the second electrode 17.

[0196] The electron injection layer may be formed on the
electron transport layer using (utilizing) various suitable
methods, such as vacuum deposition, spin coating, casting, an
LB method, ink-jet printing, laser-printing, or laser-induced
thermal imaging. When the electron injection layer is formed
by vacuum deposition or spin coating, the deposition or coat-
ing conditions for the electron injection layer may be similar
to the deposition or coating conditions described above for
the hole injection layer.

[0197] Theelectron injection layer may include at least one
of LiF, NaCl, CsF, Li,0, BaO, or LiQ.

[0198] The thickness of the electron injection layer may be
about 1 A to about 100 A, for example, about 3 A to about 90
A. When the thickness of the electron injection layer is within
the ranges described above, the electron injection layer may
have satisfactory electron transportation characteristics with-
out a substantial increase in driving voltage.

[0199] The second electrode 17 is disposed on the organic
layer 15. The second electrode 17 may be a cathode (i.e., an
electron injection electrode), and a material for forming the
second electrode 17 may be a material having a low work
function. Such a material may include a metal, an alloy, an
electrically conductive compound, or a mixture thereof. Non-
limiting examples of the second electrode 17 include lithium
(L1), magnesium (Mg), aluminum (Al), aluminum-lithium
(Al—Li), calcium (Ca), magnesium-indium (Mg—In), or
magnesium-silver (Mg—Ag). According to another embodi-
ment of the present invention, the material for forming the
second electrode 190 may be ITO or IZ0. The second elec-
trode 17 may be a reflective electrode, a semi-transmissive
electrode, or a transmissive electrode.

[0200] Hereinbefore, the organic light-emitting device 10
has been described with reference to the drawing, but the
organic light-emitting device 10 is not limited thereto. For
example, in the organic light-emitting device 10 shown in the
drawing, the substrate 11 is disposed underneath the first
electrode 13, but the substrate 11 may be disposed above the
second electrode 17.

[0201] As used herein, the term “alkyl group” refers to a
linear or branched monovalent aliphatic hydrocarbon group,
and non-limiting examples thereof include a methyl group, an
ethyl group, a propyl group, an isobutyl group, a sec-butyl
group, a ter-butyl group, a pentyl group, an iso-amyl group,
and a hexyl group. As used herein, the term “alkylene group”
refers to a linear or branched divalent aliphatic hydrocarbon
group, non-limiting examples of which can be easily deter-
mined from the examples of the alkyl groups.

[0202] As used herein, the term “alkoxy group” refers to a
monovalent group represented by —OA |, (where A, is a
C,-C4, alkyl group), and non-limiting examples thereof
include a methoxy group, an ethoxy group, and an isopropy-
loxy group.

[0203] As used herein, the term “alkenyl group” refers to a
hydrocarbon group having at least one carbon-carbon double
bond in the middle or at a terminal end of the alkyl group, and
non-limiting examples thereof include an ethenyl group, a
propenyl group and a butenyl group. As used herein, the term
“alkenylene group” refers to a divalent hydrocarbon group
having at least one carbon-carbon double bond, and non-
limiting examples of which can be easily determined from the
examples of the alkenyl groups.
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[0204] As used herein, the term “alkynyl group” refers to a
hydrocarbon group having at least one carbon-carbon triple
bond in the middle or at a terminal end of the alkyl group, and
non-limiting examples thereofinclude an ethynyl group and a
propynyl group. As used herein, the term “alkynylene group”
refers to a divalent hydrocarbon group having at least one
carbon-carbon triple bond in the middle or at a terminal end of
the alkyl group, and non-limiting examples of which can be
easily determined from the examples of the alkynyl groups.
[0205] As used herein, the term “cycloalkyl group” refers
to a monovalent hydrocarbon monocyclic group, and non-
limiting examples thereof include a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group,
and a cycloheptyl group. As used herein, the term “cycloalky-
lene group” refers to a divalent hydrocarbon monocyclic
group, and non-limiting examples of which can be easily
determined from the examples of the cycloalkyl groups.
[0206] As used herein, the term “heterocycloalkyl group”
refers to a monovalent monocyclic group having at least one
heteroatom selected from N, O, P, or S as a ring-forming
atom, and non-limiting examples thereof include a tetrahy-
drofuranyl group and a tetrahydrothiophenyl group. As used
herein, the term “heterocycloalkylene group” refers to a diva-
lent monocyclic group having at least one heteroatom
selected from N, O, P, or S as a ring-forming atom, and
non-limiting examples of which can be easily determined
from the examples of the heterocycloalkyl groups.

[0207] As used herein, the term “cycloalkenyl group”
refers to a monovalent monocyclic group that has at Ieast one
double bond in the ring thereof and does not have aromacity,
and non-limiting examples thereof include a cyclopentenyl
group, a cyclohexenyl group, and a cycloheptenyl group. As
used herein, the term “cycloalkenylene group” refers to a
divalent monocyclic group that has at least one double bond in
the ring thereof and does not have aromacity, and non-limit-
ing examples of which can be easily determined from the
examples of the cvcloalkenyl group.

[0208] As used herein, the term “heterocycloalkenyl
group” refers to a monovalent monocyclic group that has at
least one heteroatom selected from N, O, P, or S as a ring-
forming atom and at least one double bond in its ring. Non-
limiting examples of the heterocycloalkenyl include a 2,3-
hydrofuranyl group and a 2,3-hydrothiophenyl group. As
used herein, the term “heterocycloalkenylene group” refers to
a divalent monocyclic group that has at least one heteroatom
selected from N, O, P, or S as aring-forming atom and at least
one double bond in its ring, and non-limiting examples of
which can be easily determined from the examples of the
heterocycloalkenyl groups.

[0209] As used herein, the term “aryl group” refers to a
monovalent group having a carbocyclic aromatic system, and
the term “arylene group” refers to a divalent group having a
carbocyclic aromatic system. Non-limiting examples of the
aryl group include a phenyl group, a naphthyl group, an
anthracenyl group, a phenanthrenyl group, a pyrenyl group,
and a chrysenyl group. When the aryl group and the arylene
group each include two or more rings, the rings may be fused
to each other.

[0210] As usedherein, the term “heteroaryl group” refers to
a monovalent group having a carbocyclic aromatic system
that has at least one heteroatom selected from N, O, P, or S as
aring-forming atom. As used herein, the term “heteroarylene
group” refers to a divalent group having a carbocyclic aro-
matic system that has at least one heteroatom selected from N,
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O, P, or S as a ring-forming atom, and 2 to 60 carbon atoms.
Non-limiting examples of the heteroaryl group include a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, and
an isoquinolinyl group. When the heteroaryl group and the
heteroarylene group each include two or more rings, the rings
may be fused to each other.

[0211] As used herein, the term “aryloxy group” refers to a
functional group represented by —OA |, (where A, is an
aryl group), and the term “arylthio group” refers to a func-
tional group represented by —SA, 5 (Where A, ; is an aryl
group).

[0212] As used herein, the term “monovalent non-aromatic
condensed polycyclic group” refers to a monovalent group
that has two or more rings condensed to each other and
non-aromacity in the entire molecular structure. As a ring-
forming atom, i) only a carbon atom (C) may be included, or
i1) ahetero atom selected from N, O, P. or S, other than carbon
atoms, may be included. Non-limiting examples of the
monovalent non-aromatic condensed polycyclic group
include a heptalenyl group and a triquinacenyl group. As used
herein, the term “divalent non-aromatic condensed polycy-
clic group” refers to a divalent group that has two or more
rings condensed to each other and non-aromacity in the entire
molecular structure, and non-limiting examples of which can
be easily determined from the examples of the monovalent
non-aromatic condensed polycyclic groups.

[0213] As usedherein, C, -C, (min)refers to the number of
carbons in the substituents (i.e., m and n refer to the number
of carbons). For example, a C,-C,, alkyl group refers to an
alkyl group having 1 to 10 carbon atoms, and a C4-C,, aryl
group refers to an aryl group having 6 to 30 carbon atoms.

[0214] The term “Ph” used herein refers to a phenyl group;
the term “Me” used herein refers to a methyl group; the term
“Et” used herein refers to an ethyl group; and the term “ter-
Bu” or “t-Bu” used herein refers to a tert-butyl group.

[0215] Hereinafter, an organic light-emitting device
according to embodiments of the present invention will be
described with reference to certain Synthesis Examples and
Examples. The wording “B was used (utilized) instead of A”
used in the following Synthesis Examples means that the
molar equivalent of A was identical to the molar equivalent of
B.

SYNTHESIS EXAMPLE
Synthesis Example 1

Synthesis of Compound 101
[0216]

N
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N
Pd2(dba)3, BINAP
/ \ / \ toluene, NaOt-Bu
N N

NNN

[0217] 3573 mg (0.39 mmeol) of Pd,(dba), and 157.9 mg
(0.78 mmol) of t-Bu,P were dissolved in 50 ml of o-xylene,
and then, the mixture was stirred at room temperature for 10
minutes. Then, 8.23 g (46 mmol) of 4H-dithieno[3,2-b:2',3'-
dlpyrrole, 7.98 g (20 mmol) of 2,7-dibromo-9-phenyl-9H-
carbazole, and 2.25 g (23.41 mmol) of t-BuONa were added
thereto and stirred under reflux at a temperature of 160° C. for
48 hours. When the reaction was completed, 20 ml of cold
distilled water was added thereto, and then the organic layer
was extracted using (utilizing) ethylacetate. The organic layer
was dried using (utilizing) magnesium sulfate, filtered, and
the solvent was evaporated therefrom. Then, the resultant was
purified using (utilizing) silica gel column chromatography to
obtain 10.10 g (vield 85%) of Compound 101 (4,4'-(9-phe-
nyl-9H-carbazole-2,7-diyl)bis(4H-dithieno[3,2-b:2',3'-d]
pyrrole)).

[0218] ‘H-NMR (300 MHz, CDCL,): §=8.45 (11), 8.10
(1H),7.88 (2H), 7.8 (d, 2H), 7.58 (2H), 7.54 (11), 7.50 (2H),
7.23 (1H), 7.20 (4H), 6.96 (4H), APCI-MS (m/z): 597 [M*]

\ / \ 7
/N [\

Synthesis Example 2

Synthesis of Compound 135

[0219]

N,

(-

Br Br

el
N
Pd2(dba)3, BINAP
B
/ \ / \ toluene, NaOt-Bu
N N
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-continued

[0220] 3573 mg (0.39 mmol) of Pd,(dba), and 157.9 mg
(0.78 mmol) of t-Bu,P were dissolved in 50 ml of o-xylene
and then stirred at room temperature for 10 minutes. 8.23 g
(46 mmol) of 4H-dithieno[3,2-b:2',3"-d]pyrrole, 7.98 g (20
mmol) of 3,6-dibromo-9-phenyl-9H-carbazole, and 2.25 g
(23.41 mmol) oft-BuONa were added thereto and then stirred
under reflux at a temperature of 160° C. for 48 hours. After the
reaction was completed, 20 ml of cold distilled water was
added thereto, and then the organic layer was extracted using
(utilizing) ethylacetate. The organic layer was dried using
(utilizing) magnesium sulfate, filtered, and the solvent was
evaporated therefrom. Then, the resultant was purified using
(utilizing) silica gel column chromatography to obtain 9.55 g
(vield 80%) of Compound 135 (4,4'-(9-phenyl-9H-carba-
zole-3,6-diyl)bis(4H-dithieno[3,2-b:2",3'-d]pyrrole)).

[0221] ‘H-NMR: 7.98 (2H), 7.94 (1H), 7.63 (2H), 7.58
(2H), 7.50 (2H), 7.31 (1H), 7.20 (4H), 6.96 (4H), APCI-MS
(m/z): 597[M*]

Synthesis Example 3

Synthesis of Compound 104

[0222]

rr

Pd2(dba)3, BINAP
B
toluene, NaOt-Bu
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[0223] 357.3 mg (0.39 mmol) of Pd,(dba); and 157.9 mg
(0.78 mmol) of t-Bu,P were dissolved in 50 ml of o-xylene
and then stirred at room temperature for 10 minutes. 8.23 g
(46 mmol) of 4H-dithieno[3,2-b:2',3'-d]pyrrole, 8.97 g (20
mmol) of 5,9-dibromo-7-phenyl-7H-benzo|[c]carbazole, and
2.25 g(23.41 mmol) of t-BuONa were added thereto and then
stirred under reflux at a temperature of 160° C. for 48 hours.
After the reaction was completed, 20 ml of cold distilled
water was added thereto, and then the organic layer was
extracted using (utilizing) ethylacetate. The organic layer was
dried using (utilizing) magnesium sulfate, filtered, and the
solvent was evaporated therefrom. Then, the resultant was
purified using (utilizing) silica gel column chromatography to
obtain 9.70 g (yield 75%) of Compound 104 (4,4'-(7-phenyl-
7H-benzo[c]carbazole-5,9-diyl)bis(4H-dithieno[3,2-b:2',3'-
d]pyrrole)).

[0224] 'H-NMR: 8.5 (1H), 8.43 (1H), 8.08 (1H), 7.83
(2H), 7.58 (2H), 7.55 (2H), 7.54 (1H) 7.50 (2H), 7.45 (1H),
7.20 (4H), 6.96 (4H), APCI-MS (m/z): 647[M"]

N

\ / \ 7
/N [\

Synthesis Example 4

Synthesis of Compound 143

[0225]

N
Br Q O Br +
el

Pd2(dba)3, BINAP
B
toluene, NaOt-Bu
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[0226] 357.3 mg (0.39 mmol) of Pd,(dba), and 157.9 mg

(0.78 mmol) of t-Bu,P were dissolved in 50 ml of o-xylene
and then stirred at room temperature for 10 minutes. 6.76 g
(46 mmol) of 4H-difuro[3,2-b:2',3"-d]pyrrole, 10.6 g (20
mmol) of 5,9-dibromo-7-phenyl-7H-benzo|c]carbazole, and
2.25 g(23.41 mmol)oft-BuONa were added thereto and then
stirred under reflux at a temperature of 160° C. for 48 hours.
After the reaction was completed, 20 ml of cold distilled
water was added thereto, and then the organic layer was
extracted using (utilizing) ethylacetate. The organic layer was
dried using (utilizing) magnesium sulfate, filtered, and then
the solvent was evaporated therefrom. Then, the resultant was
purified using (utilizing) silica gel column chromatography to
obtain 8.53 g (yield 82%) of Compound 143 (4,4'-(9-phenyl-
9H-carbazole-2,7-diyl)bis(4H-difuro[3,2-b:2',3'-d|pyrrole)).
[0227] 'H-NMR: 8.43 (1H), 8.13 (4H), 8.08 (1H), 7.83
(2H), 7.58 (2H), 7.55 (1H), 7.50 (2H), 7.23 (1H), 6.30 (4H),
APCI-MS (mv/z): 533[M™]

EXAMPLE

Example 1

[0228] An ITO glass substrate (a product of Corning Co.,
Ltd) including an ITO layer having a thickness of 15 Q/cm®
(1200 A) was cut to a size of 50 mmx50 mmx0.7 mm, soni-
cated using (utilizing) isopropyl alcohol and pure water each
for 5 minutes, and cleaned by exposure to ultraviolet rays for
30 minutes and then to ozone. Then, the ITO glass substrate
was mounted on a vacuum deposition apparatus.

[0229] 2-TNATA was deposited on the ITO layer (acting as
an anode) to form a hole injection layer having a thickness of
600 A. Compound 101 was deposited on the hole injection
layer to form a hole transport layer having a thickness of 300
A. Then, 95 wt % of ADN and 5 wt % of Compound A-1
below ((E)-N,N'-(ethene-1,2-diylbis(4,1-phenylene))bis(N-
(naphthalen-2-yl)naphthalen-2-amine, as ablue dopant) were
co-deposited on the hole transport layer to form an emission
layer having a thickness of 200 A.

[0230] Thereafter, Compound A-2 (2-(4-(9,10-di(naphtha-
len-2-yl)anthracen-2-yl)phenyl)-1-phenyl-1H-benzo[d]imi-
dazole) was deposited on the emission layer to form an elec-
tron transport layer having a thickness of 300 A, LiF was
deposited on the electron transport layer to form an electron
injection layer having a thickness of 10 A, and Al was depos-
ited on the electron injection layer to form a cathode having a
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thickness of 3,000 A, thereby completing the manufacture of
an organic light-emitting device.

Compound A-1

O o
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Example 2

[0231] An organic light-emitting device was manufactured
as in Example 1, except that Compound 135 was used (uti-
lized) instead of Compound 101 to form the HTL.

Example 3

[0232] An organic light-emitting device was manufactured
as in Example 1, except that Compound 104 was used (uti-
lized) instead of Compound 101 to form the HTL.

Example 4

[0233] An organic light-emitting device was manufactured
as in Example 1, except that Compound 143 was used (uti-
lized) instead of Compound A-2 to form the ETL.

Compound A-2 Comparative Example 1
[0234] An organic light-emitting device was manufactured
N as in Example 1, except that NPB was used (utilized) instead
/ of Compound 101 to form the HTL.
N .
Comparative Example 2
[0235] An organic light-emitting device was manufactured
as in Example 1, except that NPB was used (utilized) instead
of Compound 101 to form the HTL, and Compound 143 was
used (utilized) instead of Compound A-2 to form the ETL.
Evaluation Example
[0236] The driving voltage and emission efficiency of each
of the organic light-emitting devices manufactured according
ET1 to Examples 1 to 4 and Comparative Example 1 were mea-
sured under the condition of 10 mA/cm?, and the results are
shown in Table 1.
TABLE 1
Hole Driving Emission
transport Electron voltage Brightness efficiency Emission
layer transport layer W) (cd/m?) (cd/A)  color
Example 1  Compound  Compound A-2 3.9 485 485  Blue
101
Example2  Compound  Compound A-2 4.0 467 4.67 Blue
135
Example3  Compound  Compound A-2 3.9 477 477  Blue
104
Example4  Compound  Compound 143 38 437 437 Blue
101
Comparative NPB Compound A-2 44 285 2.85  Blue
Example 1
Comparative NPB Compound 143 4.2 321 321 Blue

Example 2
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[0237] As shown in Table 1, it was confirmed that the driv-
ing voltage, brightness, current efficiency, and half-lifespan
of the organic light-emitting devices manufactured according
to Examples 1 to 4 had better driving voltage, current density,
brightness, efficiency, and half-lifespan than the organic
light-emitting devices manufactured according to Compara-
tive Examples 1 and 2.

[0238] As described above, according to embodiments of
the present invention, an organic light-emitting device includ-
ing the described condensed cyclic compound may have low
driving voltage, high efficiency, high brightness, and a long
lifespan.

[0239] While certain exemplary embodiments have been
illustrated and described, those of ordinary skill in the art will
understand that certain modifications can be made to the
described embodiments without departing from the spirit and
scope of the present invention, as defined in the following
claims. Additionally, descriptions of features or aspects
within each embodiment should typically be considered as
available for other similar features or aspects in other embodi-
ments.

What is claimed is:

1. A condensed cyclic compound represented by Formula
1:

Formula 1

wherein, in Formula 1,

X, and X, are each independently an oxygen (O) atom or a
sulfur (S) atom;
R, is a C4-Cy aryl group or a C5-C, , heteroaryl group;

R, to R, are each independently a hydrogen, a deuterium,
ahalogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-C,,, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C5-C, , cycloalkyl group, a substituted or
unsubstituted C;-C,, cycloalkenyl group, a substituted
or unsubstituted C5-C,, heterocycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C,,, aryl group,
a substituted or unsubstituted C,-C,, heteroaryl group, a
substituted or unsubstituted C-C;,, aryloxy group, a
substituted or unsubstituted C4-C,,, arylthio group, or a
monovalent C4-C,, non-aromatic condensed polycyclic

group;
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each of the R,,s and each of the R, ;s are the same or
different;

R, and R;, R, and Rs, R; and R, Ry and Ry, or two R s
optionally combine to form a substituted or unsubsti-
tuted ring;

when one or more of R, to R | includes a substituted group,
at least one substituent of the substituted C,-C,, alkyl
group, substituted C,-C,, alkenyl group, substituted
C,-C,q alkynyl group, substituted C,-C,, alkoxy group,
substituted C5-C, , cycloalkyl group, substituted C5-C,
cycloalkenyl group, substituted C;-C,, heterocy-
cloalkyl group, substituted C;-C,, heterocycloalkenyl
group, substituted C,-C,, aryl group, substituted C,-Cs,
heteroaryl group, substituted C¢-Cs, aryloxy group, or
substituted C4-C,, arylthio group is:

a deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, ahydrazone group, a carboxylic acid
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,, alkenyl group, a C,-C,
alkynyl group, or a C,-C,, alkoxy group; or

a C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, or a C,-C,, alkoxy group, substituted
with at least one of a deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C;-C,, cycloalkyl group, a
C;-C,, heterocycloalkyl group, a C5-C, , cycloalkenyl
group, aC;-C, , heterocycloalkenyl group, a C4-Csq aryl
group, a C,-C,, heteroaryl group, a C4-C,, aryloxy
group, a C,-Cs, arylthio group, a monovalent C,-Cs,
non-aromatic condensed polycyclic group, —N(Q,,)
(Qu2): —8Si(Qy5)(Q14)(Qy5), or —B(Q,6)(Q,7); or

a C;-C, cycloalkyl group, a C,-C, , cycloalkenyl group, a
C;-C,, heterocycloalkyl group, a C;-C,, heterocy-
cloalkenyl group, a C;-C,, aryl group, a C,-C,, het-
eroaryl group, a C¢-Cs, aryloxy group, a C¢-Csq arylthio
group, or amonovalent C,-C,, non-aromatic condensed
polycyclic group; or

a C,-C |, cycloalkyl group, a C,-C, , cycloalkenyl group, a
C;-C,o heterocycloalkyl group, a C;-C,, heterocy-
cloalkenyl group, a C,-C5, aryl group, a C,-C, het-
eroaryl group, a C4-C,, aryloxy group, a C¢-C,, arylthio
group, or amonovalent C,-C,, non-aromatic condensed
polycyclic group, substituted with at least one of a deu-
terium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
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,, alkenyl group, a C,-C,,
alkynyl group, a C,-C,, alkoxy group, a C;-Cy,
cycloalkyl group, a C;-C,, heterocycloalkyl group, a
C,-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-C,q aryl group, a C,-Cs, heteroaryl
group, a C,-C,, aryloxy group, a C,-C,, arylthio group,
a monovalent C,4-C,, non-aromatic condensed polycy-
clic group, —N(Q, X(Qy2), —Si(Qu3)(Q22)(Q0s)s or
—B(Q26)(Q): 0r

—31(Q5)(Q5,)(Q53) or —B(Q3,)(Qss):

wherein Q,, to Q,,, Q,, to Q,,, and Q;, to Q,5 are each
independently a hydrogen, a C,-C,, alkyl group, a
C,-C, alkenyl group, a C,-C, , alkynyl group, a C,-C,,
alkoxy group, a C,-C,,, cycloalkyl group, a C5-C,, het-
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erocycloalkyl group, a C,-C,, cycloalkenyl group, a
C;-C g heterocycloalkenyl group, aC-C,, aryl group, a
C,-C,,, heteroaryl group, or a monovalent C¢-C,,, non-
aromatic condensed polycyclic group.
2. The condensed cyclic compound of claim 1, wherein X,
and X, are identical to each other.
3. The condensed cyclic compound of claim 1, wherein R,
is a phenyl group, a naphthyl group, a pyridyl group, or a
triazinyl group.
4. The condensed cyclic compound of claim 1, wherein R,
is represented by one of Formulae 2A to 2E:

24
B
2
M
N/\|N
AN
E

N\
—/

Z,

—~

5. The condensed cyclic compound of claim 1, wherein R,
to Ry, are each independently:
ahydrogen, a methyl group, an ethyl group, a propyl group,
a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, a
phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, an indacenyl group,
an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenan-
threnyl group, an anthryl group, a fluoranthenyl group, a
pyrenyl group, a benzofluorenyl group, a naphthacenyl
group, a chrysenyl group, a triphenylenyl group, a ter-
phenyl group, a perylenyl group, a picenyl group, a
hexacenyl group, a spiro-fluorenyl group, a pyrrolyl
group, a furyl group, a pyrazolyl group, an imidazolyl
group, an oxazolyl group, an isoxazolyl group, a triaz-
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olyl group, a tetrazolyl group, an oxadiazolyl group, a
pyridyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a pyranyl group, a
thiophenyl group, a thiazolyl group, an isothiazolyl
group, a thiopyranyl group, an indolyl group, an isoin-
dolyl group, an indolizinyl group, a benzofuryl group, an
isobenzofuryl group, an indazolyl group, a benzimida-
zolyl group, a benzoxazolyl group, a benzisoxazolyl
group, an imidazopyridyl group, a purinyl group, a
quinolyl group, an isoquinolyl group, a phthalazinyl
group, a quinazolinyl group, a quinoxalinyl group, a
naphthyridinyl group, a cinnolinyl group, a ben-
zothiophenyl group, a benzothiazolyl group, a carba-
zolyl group, a pyridoindolyl group, a dibenzofuryl
group, a phenanthridinyl group, a benzoquinolyl group,
a phenazinyl group, a dibenzosilolyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, or a
dibenzacridinyl group; or

a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group, or a decyl group, substituted
with at least one of a deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, or an
amino group; or

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, an indacenyl group,
an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenan-
threnyl group, an anthryl group, a fluoranthenyl group, a
pyrenyl group, a benzofluorenyl group, a naphthacenyl
group, a chrysenyl group, a triphenylenyl group, a tet-
phenyl group, a perylenyl group, a picenyl group, a
hexacenyl group, a spiro-fluorenyl group, a pyrrolyl
group, a furyl group, a pyrazolyl group, an imidazolyl
group, an oxazolyl group, an isoxazolyl group, a triaz-
olyl group, a tetrazolyl group, an oxadiazolyl group, a
pyridyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridaziny! group, a triazinyl group, a pyranyl group, a
thiophenyl group, a thiazolyl group, an isothiazolyl
group, a thiopyranyl group, an indolyl group, an isoin-
dolyl group, an indolizinyl group, a benzofuryl group, an
isobenzofuryl group, an indazolyl group, a benzimida-
zolyl group, a benzoxazolyl group, a benzisoxazolyl
group, an imidazopyridyl group, a purinyl group, a
quinolyl group, an isoquinolyl group, a phthalazinyl
group, a quinazolinyl group, a quinoxalinyl group, a
naphthyridinyl group. a cinnolinyl group, a ben-
zothiophenyl group, a benzothiazolyl group, a carba-
zolyl group, a pyridoindolyl group, a dibenzofuryl
group, a phenanthridinyl group, a benzoquinolyl group,
a phenazinyl group, a dibenzosilolyl group, a diben-
zothiophenyl group, or a benzocarbazolyl group, substi-
tuted with at least one of a deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkenyl group, a C,-C |, alkynyl group, a C,-C, alkoxy
group, a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,
heterocycloalkenyl group, a C,-C,, aryl group, a C,-Cs
heteroaryl group, a C4-C,, aryloxy group, a Cy4-Cs,
arylthio group, or —Si(Qs,)(Q3,)(Qs5) Wherein Q;, to
Q55 are each independently a hydrogen, a C,-C, , alkyl
group, a C,-C,, alkoxy group, or a C,-C,, aryl group.

6. The condensed cyclic compound of claim 1, wherein R,

to Ry, are each independently:
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ahydrogen, a methyl group, an ethyl group, a propyl group,
a butyl group, a phenyl group, a naphthyl group, a fluo-
renyl group, an anthryl group, a pyrenyl group, a chry-
senyl group or a triphenylenyl group; or
a methyl group, an ethyl group, a propyl group, a butyl
group, a phenyl group, a naphthyl group, a fluorenyl
group, an anthryl group, a pyrenyl group, a chrysenyl
group, or a triphenylenyl group, substituted with at least
one of a deuterium, a halogen atom, a hydroxyl group, a
cyano group, a hitro group, or an amino group; and
R, and R;, R, and R, R, and R, R, and R, or two R ;s
optionally combine to form a substituted or unsubsti-
tuted benzene ring.
7. The condensed cyclic compound of claim 1, wherein, in
Formula 1, A and B are each independently represented by
one of Formulae 3A to 3E:

3A

3B

3C

3D

3E

8. The condensed cyclic compound of claim 1, wherein the
condensed cyclic compound represented by Formula 1 is
represented by one of Formulae 1-1 to 1-3:
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Formula 1-1

wherein, in Formulae 1-1 to 1-3,
X is an oxygen (Q) atom or a sulfur (S) atom.

9. The condensed cyclic compound of claim 8, wherein R
is a phenyl group, a naphthyl group, a pyridyl group, or a
triazinyl group.

10. The condensed cyclic compound of claim 8, wherein
R, is represented by one of Formulae 2A to 2E:

2A
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-continued

2B
*

2C
*

2D

N/\|N

X
*

2E

A\
—/

Z,

—~

z

11. The condensed cyclic compound of claim 8, wherein
R, to R, are each independently:

ahydrogen, a methyl group, an ethyl group, a propyl group,
a butyl group, a phenyl group, a naphthyl group, a fluo-
renyl group, an anthryl group. a pyrenyl group, a chry-
senyl group, or a triphenylenyl group; or

a methyl group, an ethyl group, a propyl group, a butyl
group, a phenyl group, a naphthyl group, a fluorenyl
group, an anthryl group, a pyrenyl group, a chrysenyl
group, or a triphenylenyl group, substituted with at least
one of a deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, or an amino group;

R, and R;, R, and R, R and R, or Rg and R, optionally
combine to form a substituted or unsubstituted benzene
ring.

12. The condensed cyclic compound of claim 8, wherein
Al and Bl are each independently represented by one of
Formulae 3A to 3E:

3A
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-continued
3B

3C

3D

3E

13. The condensed cyclic compound of claim 1, wherein
the condensed cyclic compound of Formula 1 is represented
by one of Compounds 101 to 148:

101

N

NN

\ / \ /
YA
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106

-continued

102

-continued
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-continued -continued
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130

-continued
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-continued
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-continued -continued
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14. The condensed cyclic compound of claim 1, wherein
the condensed cyclic compound of Formula 1 is represented
by one of Compounds 101, 104, 135, or 143:

101

0

104
S =
S, S
= =
N
. =
S, S
e o
135

58
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-continued
143
N,
X
B
a
S he A,
= N —
N. N
Setage
O O
= ey

15. An organic light-emitting device comprising:
a first electrode;
a second electrode facing the first electrode; and

an organic layer between the first electrode and the second
electrode and comprising an emission layer,

wherein the organic layer comprises the condensed cyclic
compound of claim 1.

16. The organic light-emitting device of claim 15, wherein
the organic layer further comprises:

a hole transport region between the first electrode and the
emission layer; and

an electron transport region between the emission layer
and the second electrode.

17. The organic light-emitting device of claim 16, wherein
the hole transport region comprises at least one of an electron
blocking layer, a hole transport layer, or a hole injection layer.

18. The organic light-emitting device of claim 16, wherein
the electron transport region comprises at least one of a hole
blocking layer, an electron transport layer or an electron
injection layer.

19. The organic light-emitting device of claim 16, wherein
the hole transport region comprises the condensed cyclic
compound represented by Formula 1.

20. The organic light-emitting device of claim 16, wherein
the electron transport region comprises the condensed cyclic
compound represented by Formula 1.
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