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(57) ABSTRACT

A carbazole-based compound and an organic light-emitting
device including the carbazole-based compound, the com-

pound being represented by one of the following Formulae 1
to 3:
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CARBAZOLE-BASED COMPOUND AND
ORGANIC LIGHT EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0050179,
filed on Apr. 25, 2014, in the Korean Intellectual Property
Office, and entitled: “Carbazole-Based Compound and
Organic Light Emitting Device Including the Same,” is incor-
porated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a carbazole-based com-
pound and an organic light-emitting device including the
same.

[0004] 2. Description of the Related Art

[0005] Organic light emitting devices are self-emission
devices that have wide viewing angles, a high contrast ratio,
short response times, and excellent brightness, driving volt-
age, and response speed characteristics, and produce full-
color images.

[0006] The organic light-emitting device may have a struc-
ture in which an anode is formed on a substrate and a hole
transport layer, an emission layer, an electron transport layer,
and a cathode are sequentially formed on the anode. In this
regard, the hole transport layer, the emission layer, and the
electron transport layer may be organic thin films formed of
organic compounds.

[0007] A driving principle of the organic light-emitting
device having the structure described above is as follows.

[0008] When voltage is applied to the anode and the cath-
ode, holes injected from the anode may move to the emission
layer via the hole transport layer and electrons injected from
the cathode may move to the emission layer via the electron
transport layer. Carriers such as holes and electrons may be
recombined in the emission layer to produce excitons. These
excitons may change from an excited state to a ground state,
thereby generating light.

SUMMARY

[0009] Embodiments are directed to a carbazole-based
compound and an organic light-emitting device including the
same.

[0010] According to one or more embodiments, provided is
a carbazole-based compound represented by any one of For-
mulae 1 to 3:
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[0011] In Formulae 1 to 3,
[0012] X may be an oxygen atom (O) or a sulfur atom (S);
[0013] Y, andY, may be each independently selected from

a hydrogen atom, a deuterium atom, a substituted or unsub-
stituted C,-Cg, alkyl group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubstituted
C;-C,o cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C¢-Cy, aryl group, and a substituted or unsubstituted
C,-C4, heteroaryl group;

[0014] R, to R,, may be each independently selected from
ahydrogen atom, a deuterium atom, a halogen atom, a cyano
group, a nitro group, a hydroxy group, a carboxyl group, a
substituted or unsubstituted C, -C,,, alky! group. a substituted
or unsubstituted C,-C, alkenyl group, a substituted or unsub-
stituted C,-C,, alkynyl group, a substituted or unsubstituted
C,-Cg, alkoxy group, a substituted or unsubstituted C,-Cq,
alkylthio group, a substituted or unsubstituted C;-Cy,
cycloalkyl group, a substituted or unsubstituted C;-Cg,
cycloalkylene group, a substituted or unsubstituted C4-Cy,
aryl group, a substituted or unsubstituted C,-Cy,, aryloxy
group, a substituted or unsubstituted C4-C, arythio group, a
substituted or unsubstituted C,-C,, heteroaryl group, and
—N(Q,)(Q,) (wherein, Q, and Q, may be each indepen-
dently selected from a hydrogen atom, a deuterium atom, a
C,-C,, alkyl group, a C,-C,, aryl group, and a C,-C;, het-
eroaryl group; and Q, and Q, may bind together to form a
saturated or an unsaturated ring including N, Q,, and Q,);

[0015] al, a5, a8, a9, all and al2 may be each indepen-
dently integers from 1 to 4;

[0016] a2, a3, a6 may be each independently integers from
1to03;
[0017] a4 may be an integer of 1 to 2; and

[0018] a7 and al0 may be each independently an integer of
1.

[0019] According to another embodiment. provided is an
organic light-emitting device comprising a substrate; a first
electrode; a second electrode disposed opposite to the first
electrode; and an organic layer disposed between the first
electrode and the second electrode and includes an emission
layer, wherein the organic layer includes at least one carba-
zole-based compound.
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BRIEF DESCRIPTION OF THE DRAWING

[0020] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawing in which:

[0021] FIG. 1 illustrates an organic light-emitting device
according to an embodiment.

DETAILED DESCRIPTION

[0022] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ing; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0023] In the drawing FIGURE, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
Like reference numerals refer to like elements throughout.
[0024] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
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.

[0025] In an embodiment, the carbazole-based compound
may be represented by any one of Formulae 1 to 3.

[Formula 1]
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[0026] In Formulae 1 to 3, X may be an oxygen atom or a
sulfur (S) atom.

[0027] Inanimplementation, in Formulae 1 to 3, X may be
an S atom.

[0028] InFormulae 1t03,Y, andY, may be each indepen-
dently a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C,-Cy, alkyl group, a substituted or unsubsti-
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tuted C5-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-C;, aryl group, and a substituted or unsubstituted
C,-C;, heteroaryl group.

[0029] For example, in Formulae 1 to 3,Y, andY, may be
each independently selected from:

[0030] i) a hydrogen atom, a deuterium atom, a C,-C,,
alkyl group, a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, a cyclopentenyl group, a cyclopentadienyl
group, a cyclohexenyl group, a cyclohexadienyl group, a
cycloheptadienyl group, a phenyl group, a pentalenyl group,
an indenyl group, a naphthyl group, an azulenyl group, a
heptalenyl group, an indaceny! group. an acenaphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a phenalenyl
group, a phenanthrenyl group, an anthryl group, a fluoranthe-
nyl group, a triphenyleny1 group, a pyrenyl group, a chrysenyl
group, a naphthacenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pyrrolyl
group, an imidazolyl group, a pyrazolyl group, a pyridyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a quinolinyl 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 furanyl group, a benzofuranyl group, a thiophenyl
group, abenzothiophenyl group, a thiazolyl group, an isothia-
zolyl group, a benzothiazolyl group, an isooxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an oxa-
diazolyl group, a triazinyl group, a benzooxazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group; and

[0031] i) a C;-Cy, alkyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, a cyclopentenyl
group, a cyclopentadienyl group, a cyclohexenyl group, a
cyclohexadienyl group, a cycloheptadienyl 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-fluo-
renyl group, a phenalenyl group, a phenanthrenyl group, an
anthryl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pyrrolyl group, an imidazolyl group, a
pyrazolyl group, a pyridyl group, a pyrazinyl group, a pyri-
midinyl group, a pyridazinyl group, an isoindolyl group, an
indolyl group, an indazolyl group, a quinolinyl group, a ben-
zoquinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl group,
a benzoimidazolyl group, a furanyl group, a benzofuranyl
group, a thiophenyl group, a benzothiophenyl group, a thia-
zolyl group, an isothiazolyl group, a benzothiazolyl group, an
isooxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
benzooxazolyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group, each substituted with at least one of a
deuterium, a halogen atom, a hydroxyl group, a cyano group,
anitro group, a C,-C,, alkyl group, a C,-C, alkoxy group, a
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C;-C,, cycloalkyl group, a C,-C,, cycloalkenyl group, a
C,-C, heterocycloalkyl group, a C,-C,, heterocycloalkenyl
group, aC-C,, aryl group, a C4-C,, aryloxy group, a C4-Cy,
arylthio group, and a C,-C;, heteroaryl group, but they are not
limited thereto.

[0032] In another embodiment, in Formulae 1 to 3,Y, and
Y, may be each independently selected from:

[0033] 1) a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenanthrenyl group, an
anthryl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, and a chrysenyl group; and

[0034] 1i) a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenanthrenyl group, an
anthryl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, and a chrysenyl group, each substituted with at
least one of a deuterium, —F, a cyano group, a nitro group, a
methyl group, an ethyl group, an n-propyl group, iso-propyl
group, an n-butyl group, a sec-butyl group, iso-butyl group, a
tert-butyl group, a phenyl group, a naphthyl group, and an
anthryl group; but, they are not limited thereto.

[0035] In another embodiment, in Formulae 1 to 3,Y, and
Y, may be each independently selected from:

[0036] 1) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group; and

[0037] 1ii)aphenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with at least
one of a deuterium, a methyl group, an ethyl group, a phenyl
group, a 1-naphthyl group, and a 2-naphthyl group; but, they
are not limited thereto.

[0038] In another embodiment, in Formulae 1 to 3,Y, and
Y, may be each independently represented by one of Formu-
lae 4-1 to 4-4 below, but they are not limited thereto.
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[0039] InFormulae 4-1to4-4,* may be a binding site to an
N of a carbazole ring.

[0040] InFormulae1to3, R, toR,, may be each indepen-
dently selected from a hydrogen atom, a deuterium atom, a
halogen atom, a cyano group, a nitro group, a hydroxy group,
a carboxyl group, a substituted or unsubstituted C,-C, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group, a
substituted or unsubstituted C,-Cy, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C,-C, alkylthio group, a substituted or unsub-
stituted C;-Cg,, cycloalkyl group, a substituted or unsubsti-
tuted C5-Cq, cycloalkylene group, a substituted or unsubsti-
tuted C4-Cy, aryl group, a substituted or unsubstituted C4-Cg,
aryloxy group, a substituted or unsubstituted C4-Cg, arythio
group, a substituted or unsubstituted C,-C,, heteroaryl
group, and —N(Q,)(Q,), in which Q, and Q, may be each
independently selected from a hydrogen atom, a deuterium
atom, C,-C, , alkyl group, a C-C,, aryl group, and a C,-C,,
heteroaryl group. In an implementation, Q, and Q, may bind
to each other to form a saturated ring or an unsaturated ring
formed of N, Q, and Q..

[0041] Inanimplementation, in Formulae 1 to 3, R, o R,
may be each independently selected from:

[0042] 1) a hydrogen atom, a deuterium atom, a halogen
atom, a cyano group, a nitro group, a hydroxy group, C,-C,,
alkyl group, a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, a cyclopentenyl group, a cyclopentadienyl
group, a cyclohexenyl group, a cyclohexadienyl group, a
cycloheptadienyl group, a phenyl group, a pentalenyl group,
an indenyl group, a naphthyl group, an azulenyl group, a
heptalenyl group, an indaceny! group, an acenaphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a phenalenyl
group, a phenanthrenyl group, an anthryl group, a fluoranthe-
nyl group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a naphthacenyl group. a picenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pyrrolyl
group, an imidazolyl group, a pyrazolyl group, a pyridyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a quinolinyl 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 furanyl group, a benzofuranyl group, a thiophenyl
group, abenzothiophenyl group, a thiazolyl group, an isothia-
zolyl group, a benzothiazolyl group, an isooxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an oxa-
diazolyl group, a triazinyl group, a benzooxazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and
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—N(Q,)(Q,) (wherein, Q, and Q, may be each indepen-
dently selected from a C¢-Cy, aryl group and a C,-C, het-
eroaryl group); and

[0043] i) a C,-C,, alkyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, a cyclopentenyl
group, a cyclopentadienyl group, a cyclohexenyl group, a
cyclohexadienyl group, a cycloheptadienyl 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-fluo-
renyl group, a phenalenyl group, a phenanthrenyl group, an
anthryl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pyrrolyl group, an imidazolyl group, a
pyrazolyl group, a pyridyl group, a pyrazinyl group, a pyri-
midinyl group, a pyridazinyl group, an isoindolyl group, an
indolyl group, an indazolyl group, a quinolinyl group, a ben-
zoquinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl group,
a benzoimidazolyl group, a furanyl group, a benzofuranyl
group, a thiophenyl group, a benzothiophenyl group, a thia-
zolyl group, an isothiazolyl group, a benzothiazolyl group, an
isooxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
benzooxazolyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group, each substituted with at least one of a
deuterium, a halogen atom, a hydroxyl group, a cyano group,
anitro group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
C;-C,, cycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkyl group, a C,-C,, heterocycloalkenyl
group, aC,-C,, aryl group, a C4-C,, aryloxy group, a C4-Cy,
arylthio group, and a C,-C;, heteroaryl group; but, they are
not limited thereto.

[0044] In another embodiment, in Formulae 1 to 3, R, to
R, may be each independently selected from:

[0045] 1)a hydrogen atom, a deuterium atom, —F, a cyano
group, a nitro group, a hydroxy group, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an n-bu-
tyl group, a sec-butyl group, an iso-butyl group, a tert-butyl
group, a cyclopentyl group, a cyclohexyl group, a cyclopen-
tenyl group, a cyclohexenyl group, a cycloheptadienyl group,
a phenyl group, a naphthyl group, a fluoreny! group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthryl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a
pyrrolyl group, an imidazolyl group, a pyrazolyl group, a
pyridyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, a
quinolinyl group, a carbazolyl group, a furanyl group, a ben-
zofuranyl group, a thiophenyl group, a benzothiophenyl
group, a thiazolyl group, a benzothiazolyl group, a triazolyl
group, a tetrazolyl group, a triazinyl group, and —N(Q, )(Q,),
in which Q, and Q, may be each independently selected from
a phenyl group, a naphthyl group, an anthryl group, and a
fluorenyl group; and

[0046] 1ii) a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenanthrenyl group, an
anthryl group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, a pyrrolyl group, an imidazolyl group, a pyra-
zolyl group, a pyridyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an indolyl
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group, a quinolinyl group, a carbazolyl group, a furanyl
group, a benzofuranyl group, a thiophenyl group, a ben-
zothiophenyl group, a thiazolyl group, a benzothiazolyl
group, a triazolyl group, a tetrazolyl group, and a triazinyl
group, each substituted with at least one of a deuterium, an
—F, a cyano group, a nitro group, a methyl group, an ethyl
group, an n-propyl group, iso-propyl group, an n-butyl group,
a sec-butyl group, iso-butyl group, a tert-butyl group, a phe-
nyl group, a naphthyl group, and an anthryl group; but, they
are not limited thereto.

[0047] In another embodiment, in Formulae 1 to 3, R, to
R, may be each independently selected from:

[0048] 1)a hydrogen atom, a deuterium atom, —F, a cyano
group, anitro group, a methyl group, an ethyl group, a phenyl
group, a 1-naphthyl group, a 2-naphthyl group, a 1-fluorenyl
group, a 2-fluorenyl group, a 3-fluorenyl group, a 4-fluorenyl
group, a 1-carbazolyl group, a 2-carbazolyl group, a 3-carba-
zolyl group, a4-carbazolyl group, and —N(Q, )(Q,), in which
Q, and Q, may be each independently selected from a phenyl
group, and a naphthyl group; and

[0049] 1ii) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, a 4-fluorenyl group, a 1-carbazolyl group, a 2-carba-
zolvl group, a 3-carbazolyl group, and a 4-carbazolyl group,
each substituted with at least one of a deuterium, —F, a cyano
group, anitro group, a methyl group, an ethyl group, a phenyl
group, a naphthyl group, and an anthryl group; but, they are
not limited thereto.

[0050] In another embodiment, in Formulae 1 to 3, R, to
R,, may be each independently represented by one of the
following Formulae 5-1 to 5-8, but they are not limited
thereto.
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_continued [0055] The carbazole-based compound may be represented
5-5 by one of the following Formulae 1ato 1d, 2a to 2d. and 3; but,
it is not limited thereto.

<Formula la>

5-6

<Formula 1b>

\\/ (Ra)as

Q |
Z: . H Rl
J RN

57

Q <Formula 1¢>

5-8

N
Q <Formula 1d>

[0051] In Formulae 5-1 to 5-8, * is a binding site.

[0052] In Formulae 1 to 3, al is a number of R;s, a2 is a
number 0f R,s, a3 is a number of R;s, a4 is a number of R s,
a5 is a number of Rss, a6 is a number of Rgs, a7 is a number
of R;s, a8 is a number of Rgs, a9 is a number of Rgs, al01is a

number of R s, all is anumber of R s, and a12 is a number <Formula Ja>
of R,s. S ) T
[0053] InFormulae1to3,whenal toal2are0,eachofR, Y, A) \ /
to R, , may not be present or substituted. Il\I [
X
[0054] InFormulae1to3,al,a5,a8,a9,all,and al2 may / \
be each independently integers of O to 4; a2, a3, and a6 may be \ /
each independently integers of O to 3; a4 may be an integer of A T Re)as
0to 2; and a7 and al0 may be each independently integers of (Rs)as

Oorl.
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[0056] In Formula la to 1d, 2a to 2d, and 3, X may be an

oxygen atom or a sulfur atom.

[0057] Y, andY, may beeachindependently selected from:
[0058] i) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group; and

[0059] 1ii) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with at least
one of a deuterium, a methyl group, an ethyl group, a phenyl
group, a 1-naphthyl group, and a 2-naphthyl group.

[0060] R, toR,,may be each independently selected from:
[0061] 1) a hydrogen atom, a deuterium atom, an —F, a
cyano group, a nitro group, a methyl group, an ethyl group, a
phenyl group, a naphthyl group, a fluorenyl group, a carba-
zolyl group, and —N(Q, (Q,), in which Q, and Q, may be
each independently selected from a phenyl group, and a naph-
thyl group; and

[0062] 1i) a phenyl group, a naphthyl group, a fluorenyl
group, and a carbazolyl group, each substituted with at least
one of a deuterium, an —F, a cyano group, a nitro group, a
methyl group, an ethyl group, a phenyl group, a naphthyl
group, and an anthryl group.
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[0063] al, a5, a8, a9, all, and al2 may be each indepen-
dently integers of 0 to 4; a2, a3, and a6 may be each indepen-
dently integers of 0 to 3; a4 may be an integer of 0 to 2; and a7
and al0 may be each independently integers of O or 1.

[0064] In another embodiment, the carbazole-based com-
pound may be represented by one of the following Formulae
lato 1d, 2a to 2d, and 3, but it is not limited thereto.

<Formula la>

<Formula 1b>

| (R3)a3

\/\’ Radas

<Formula 1¢>

Y,
lej (R\2)a2
7\ [ N\
| e (R3)a3
| X
(Ri)ai U N Ry
s
X

<Formula 1d>

<Formula 2a>
R)ar ==

pd
P

Rslag

/\N/\

S~
R = e T Re)as
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<Formula 2b>

Y,
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: ® /T Ros
N X
A9 TDWY
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<Formula 2¢>
Y
|
N (Rels
Ry
(Rg\ /l
R
/\(Rs)as
Y <Formula 2d>
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N
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(R)ps == /\(Rs)as
/— \ /(RS)aS
I\
(R{7\X
<Formula 3>
7 | X\
Ro)oo—~ 77— Ri0ato
N
AvEA
Rt = /\(RIZ)alz
[0065] In Formulae lato 1d, 2a to 2d, and 3, X may be an

oxygen atom or a sulfur atom.

[0066] Y, and Y, may be each independently represented
by one of the following Formulae 4-1 to 4-4.

41

42
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-continued
43

44

[0067] InFormulae 4-1to 4-4, * may be a binding site to N
of a carbazole.
[0068] R, toR,,maybeeachindependently represented by

one of the following Formulae 5-1 to 5-8.

51
*
52
*
D D
D D
D
53
i* ‘
54
*
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[0069] In Formulae 5-1 to 5-8, * is a binding site.

[0070] al, a5, a8, a9, all, and al2 may be each indepen-
dently integers of 0 to 4; a2, a3, and a6 may be each indepen-
dently integers of 0 to 3; a4 may be an integer of 0 to 2; and a7
and al0 may be each independently integers of O or 1.

[0071] The carbazole-based compound may be represented
by one of the following Formulae 1e to 1h, 2e to 2h, and 3a,
but it is not limited thereto.
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<Formula 1e>

Ry
Ane
s
N, X Ray
Ry
<Formula 1>
Y

l Rap

=S

<Formula 1g>

<Formula 1h>

<Formula 2e>

S
Y2 / Re

<Formula 2f>
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<Formula 2g>

Y,

4 &,
YA .
X
Rs
<Formula 2h>
Y,

//7 Rg

/\X

Ry

<Formula 3a>

X

|/\_

[0072] InFormulae le to 1h, 2e to 2h, and 3a, X may be an
oxygen atom or a sulfur atom.

Rio

[0073] Y, andY,may beeachindependently selected from:

[0074] 1) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group; and

[0075] 1ii) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with at least
one of a deuterium, a methyl group, an ethyl group, a phenyl
group, a 1-naphthyl group, and a 2-naphthyl group.

[0076] R,,Rs, R, R, R0, Ri1; R, R, and R, may be
each independently selected from:

[0077] 1i)ahydrogen atom, a deuterium atom, —F, a cyano
group, anitro group, a methyl group, an ethyl group, a phenyl
group, a naphthyl group, a fluorenyl group, a carbazolyl
group, and —N(Q,)(Q,), in which Q, and Q, may be each
independently a phenyl group and a naphthyl group; and

[0078] 1ii) a phenyl group, a naphthyl group, a fluorenyl
group, and a carbazolyl group, each substituted with at least
one of a deuterium, —F, a cyano group, a nitro group, a
methyl group, an ethyl group, a phenyl group, a naphthyl
group, and an anthryl group.

[0079] In another embodiment, the carbazole-based com-

pound may be represented by one of the following Formulae
le to 1h, 2e to 2h, and 3a, but it is not limited thereto.
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<Formula 1e>

N X Ray
Ry
<Formula 1>
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<Formula 1g>

<Formula 1h>
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<Formula 2g>
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[0080] InFormulae leto 1h, 2e to 2h, and 3a, X may be an
oxygen atom or a sulfur atom.

[0081] Y, and Y, may be each independently represented
by one of the following Formulae 4-1 to 4-4.

41
&
42
*
D D
D D
D
43
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44

Q )

Me
Me

9
)

[0082] InFormulae 4-1 to 4-4, * is a binding site to N ofa
carbazole ring.
[0083] Ry, Rs, Ry Re, Rig, Ry, Ry, Ry, and Ry, may be

each independently represented by one of the following For-
mulae 5-1 to 5-8.

51
i*
52
*
D D
D D
D
53
‘ ‘
54
*
55
*
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[0084]

[0085] The carbazole-based compound may be represented
by one of the following Formulae 11, 1j, 21, and 3b, but itis not
limited thereto.

In Formulae 5-1 to 5-8, * is a binding site.

<Formula 1>
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-continued
<Formula 1j>

R4y

<Formula 2i>

<Formula 3b>

Ryg

820

[0086] In Formulae 1i, 13, 2i, and 3b, X may be an oxygen
atom or a sulfur atom.

[0087] Y, andY,may beeachindependently selected from:
[0088] 1) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group; and

[0089] 1ii) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with at least
one of a deuterium, a methyl group, an ethyl group, a phenyl
group, 1-naphthyl group and 2-naphthyl group.

[0090] R, Ry, R; Rg Ry, Ry, Ry, Ry and Ry, may be
each independently selected from:

[0091] 1i)ahydrogen atom, a deuterium atom, —F, a cyano
group, anitro group, a methyl group, an ethyl group, a phenyl
group, a naphthyl group, a fluorenyl group, a carbazolyl
group and —N(Q; )(Q,), in which Q, and Q, may be each
independently selected from a phenyl group and a naphthyl
group; and

[0092] 1i) a phenyl group, a naphthyl group, a fluorenyl
group and a carbazolyl group, each substituted with at least
one of a deuterium, —F, a cyano group, a nitro group, a
methyl group, an ethyl group, a phenyl group, a naphthyl
group, and an anthryl group.
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[0093] In another embodiment, the carbazole-based com-
pound may be represented by one of the following Formulae 41
11, 1j, 2i, and 3b, but it is not limited thereto. 1
<Formula 1> ©
42
D D
D D
D
43
<Formula 1j>
Y,
|
N
44
:

\ X

Ryg

20

Ray
Me
<Formula 2i> I

[0096] InFormulae 4-1to 4-4, * may be a binding site to N
of a carbazole ring.

[0097] R,,R5, R, Rs, Ry, Rj, Ry5, Ry, and R, may be
each independently represented by one of the following For-
mulae 5-1 to 5-8.

51
&
<Formula 3b>
5-2
*
D D
D D
D
5-3

[0094] In Formulae 1i, 1j, 2i, and 3b, X may be an oxygen

atom or a sulfur atom.

[0095] Y, and Y, may be each independently represented

by one of the following Formulae 4-1 to 4-4.
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-continued -continued
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e

Me
Me

O [0098] In Formulae 5-1 to 5-8, * is a binding site.
[0099] The carbazole-based compound may be one of the

following Compounds 1 to 9, but it is not limited thereto.

[Compound 1] [Compound 2]
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-continued
[Compound 3] [Compound 4]

[Compound 3]

[Compound 6]
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[Compound 7]
[Compound 8] [Compound 9]

[0100] The carbazole-based compound represented by one
of Formulae 1 to 3 may have high electrical stability. Also, the
carbazole-based compound may have a high lowest unoccu-
pied molecular orbital (LUMO) level, and electrons may be
prevented from being injected from an emission layer to a
hole transport layer. Accordingly, an organic light-emitting
device using the carbazole-based compound in an electron
blocking layer may have improved lifespan.

[0101] Also, an organic light-emitting device including the
carbazole-based compound represented by any one of For-
mulae 1 to 3 in the electron blocking layer may have improved
efficiency.

[0102] The carbazole-based compound of Formula 1 or a
carbazole-based compound represented by one of Formulae 1
to 3 may be synthesized by a suitable organic synthesis
method.

[0103] At least one carbazole-based compound of Formula
1 or one of Formulae 1 to 3 may be included between a pair of
electrodes in an organic light-emitting device. In an imple-
mentation, at least one silicon-based compound may be used
in the emission layer.

[0104] Accordingly, an embodiment may provide an
organic light-emitting device including a substrate; a first
electrode; a second electrode; and an organic layer between
the first electrode and the second electrode and including an
emission layer. The organic layer may include at least one

carbazole-based compound represented by Formula 1 or a
carbazole-based compound represented by one of Formulae 1
to 3.

[0105] For example, the organic layer may include a hole-
transporting region. The hole-transporting region may be
between the first electrode and the emission layer EML. The
hole-transporting region may include at least one of hole
injection layer HIL, a hole transport layer HTL, a functional
layer having both hole injecting and hole transporting capa-
bilities (hereinafter, referred to as an “H-functional layer™), a
buffer layer, and an electron blocking layer EBL. The organic
layer may include an electron transport region between the
EML and the second electrode. The electron transport region
may include at least one of an electron transport layer and an
electron injection layer, but it is not limited thereto.

[0106] In another embodiment, the organic layer may
include an electron blocking layer between the first electrode
and the emission layer. In an implementation, the carbazole-
based compound according to an embodiment may be
included in the electron blocking layer, but it is not limited
thereto.

[0107] As used herein, the expression “(organic layer)
includes at least one carbazole-based compound” may be
construed as “(organic layer) may include one carbazole-
based compound belonging to a range of Formula 1 or a
carbazole-based compound represented by one of Formulae 1
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to 3 or two or more different carbazole-based compound
belonging to the range of Formula 1 or Formulae 1 to 3”.
[0108] Forexample, the organic layer may include a carba-
zole-based compound and may only include Compound 1. In
this regard, Compound 1 may exist in an emission layer
(EML) of an organic light-emitting device. In another
embodiment, the organic layer may include the carbazole-
based compound and may include both Compound 1 and
Compound 2. In this regard, Compound 1 and Compound 2
may exist in the same layer (for example, in the EML) or in
different layers (for example, in a first EML and a second
EML, respectively).

[0109] As used herein, the “organic layer” may refer to a
single layer and/or a plurality of layers disposed between the
first electrode and the second electrode of an organic light-
emitting device.

[0110] FIG.1illustrates an organic light-emitting device 10
according to an embodiment.

[0111] Hereinafter, a structure and a method of manufac-
turing an organic light-emitting device according to an
embodiment will be described with reference to FIG. 1.
[0112] The substrate 11, which may be a suitable substrate
for an organic light-emitting device, may include a glass
substrate or a transparent plastic substrate with excellent
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and water resistance.

[0113] The first electrode 13 may be formed by, e.g., depos-
iting or sputtering a material for a first electrode on the sub-
strate 11. When the first electrode 13 is an anode, the material
for the first electrode 13 may be selected from materials with
a high work function to facilitate easier hole injection. The
first electrode 13 may be a reflective electrode or a transmis-
sion electrode. The material for the first electrode 13 may be
a transparent material with high conductivity, and examples
of such a material may include indium tin oxide (ITO),
indium zinc oxide (IZO), tin oxide (Sn0O,), and zinc oxide
(Zn0). When magnesium (Mg), aluminum (Al), aluminum-
lithium (Al—Li), calcium (Ca), magnesium-indium (Mg—
In), magnesium-silver (Mg—Ag), or the like is used, the first
electrode 13 may be used as a reflective electrode.

[0114] The first electrode 13 may have a single-layer struc-
ture or a multi-layer structure including at least two layers. In
an implementation, the first electrode 13 may have a three-
layered structure of ITO/Ag/ITO, but is not limited thereto.

[0115] The organic layer 15 may be on the first electrode
13.
[0116] The organic layer 15 may include, e.g., an HIL, an

HTL, an H-functional layer, a buffer layer, an EBL, an EML,
an ETL, and/or an EIL.

[0117] The HIL may be formed on the first electrode 13 by
using various methods, e.g., vacuum deposition, spin coating,
casting, and Langmuir-Blodgett (LB) deposition.

[0118] When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
10~ torr to about 107 torr, and a deposition rate of about 0.01
to about 100 A/sec. However, the deposition conditions are
not limited thereto.

[0119] When the HIL is formed using spin coating, the
coating conditions may vary according to the compound that
is used to form the HIL, and the desired structure and thermal
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properties of the HIL to be formed. For example, the coating
rate may be in the range of about 2,000 rpm to about 5,000
rpm, and a temperature at which heat treatment is performed
to remove a solvent after coating may be in the range of about
80° C. to about 200° C. However, the coating conditions are
not limited thereto.

[0120] The HIL may further include a suitable hole injec-
tion material. Non-limiting examples of the suitable hole
injection material may include N,N'-diphenyl-N,N'-bis-[4-
(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine
(DNTPD), a phthalocyanine compound such as copper phtha-
locyanine, 4,4',4"-tris(3-methylphenylphenylamino) triph-
enylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-diphe-
nylbenzidine (NPB), TDATA, 2-TNATA, polyaniline/
dodecylbenzenesulfonic acid (Pani/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/canmphor sulfonic acid (pani/CSA), or
(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS):

m-MTDATA
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-continued
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o000
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2-TNATA

[0121] A thickness of the HIL may be about 100 A to about
10,000 A, e.g., about 100 A to about 1,000 A. When the
thickness of the HIL is within the range described above, the
HIL may have satisfactory hole injection characteristics with-
out a substantial increase in a driving voltage.

[0122] Then, the HTL may be formed on the HIL by using,
e.g., vacuum deposition, spin coating, casting, LB deposition,
or the like. When the HTL is formed using vacuum deposition
or spin coating, the deposition and coating conditions may be
similar to those for the formation of the HIL, though the
deposition and coating conditions may vary according to a
compound that is used to form the HTL.

[0123] As a hole-transporting material, a suitable hole-
transporting material may be used, e.g., a carbazole deriva-
tive, such as N-phenylcarbazole or polyvinylcarbazole, N,N'-
bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-
diamine (TPD), 4,4'4"-tris(N-carbazolyljtriphenylamine
(TCTA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), or the like, but it is not limited thereto.

R g o
SV h

TPD

17
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-continued
NPB
[0124] A thickness of the HTL may be in a range of about

50 A to about 2,000 A, e.g., about 100 A to about 1,500 A.
When the thickness of the HTL is within the range described
above, the HTL may have satisfactory hole transport charac-
teristics without a substantial increase in a driving voltage.

[0125] The H-functional layer may include at least one of a
hole injection layer material and a hole transport layer mate-
rial. A thickness of the H-functional layer may be in a range of
about 500 A to about 10,000 A, e.g., about 100 A to about
1,000 A. When the thickness of the H-functional layer is
within the range described above, the H-functional layer may
have satisfactory hole injection and transport characteristics
without a substantial increase in a driving voltage.

[0126] At least one of the HIL, the HTL, and the H-func-
tional layer may further include a charge-generating material
in addition to the suitable hole injection layer material, a hole
transport layer material, and a material having hole injection
and/or hole transport capabilities to help improve conductiv-
ity of a film or the like.

[0127] The charge-generating material may include, e.g.,
one of quinine derivatives, metal oxides, and compounds with
a cyano group, but the charge-generating material is not lim-
ited thereto. For example, non-limiting examples of the
charge-generating material may include quinine derivatives,
such as tetracyanoquinodimethane (TCNQ), and 2,3,5,6-tet-
rafluoro-tetracyano-1,4-benzoquinodimethane (F4-TCNQ);
metal oxides such as tungsten oxides and molybdenym
oxides; and cyano group-containing compounds, such as
Compound 200 below, but the charge-generating material is
not limited thereto.

CN
NC
Ny
N N. CN
| x
P
N N CN
N
NC 7
CN
<Compound 200>
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[0128] When the HIL, the HTL, or the H-functional layer
further includes the charge-generating material, the charge-
generating material may be homogeneously or non-homoge-
neously dispersed in the HIL, the HTL, or the H-functional
layer.

[0129] A buffer layer may be disposed between at least one
ofthe HIL, the HTL, and the H-functional layer and the EML.
The buffer layer may help compensate for an optical reso-
nance distance of light according to a wavelength of the light
emitted from the EML, and thus may help increase efficiency.
The buffer layer may include a suitable hole injecting layer
material or hole transporting layer material. In an implemen-
tation, the buffer layer may include the same material as one
ofthe materials included in the HIL, the HTL, and the H-func-
tional layer that underlie the buffer layer.

[0130] An EBL may be between the EML and at least one
of the HIL, HTL, the H-functional layer, and the buffer layer.
The EBL may block electron injection into the hole transport
region and thus, may help improve the lifespan of an organic
light-emitting device. The EBL may be formed by vacuum
deposition, spin coating, casting, I.B deposition, or the like.
When the EBL is formed using vacuum deposition or spin
coating, the deposition and coating conditions may be similar
to those for the formation of the HIL, though the conditions
for deposition and coating may vary according to the material
that is used to form the EML.

[0131] The EBL may include the carbazole-based com-
pound represented by one of Formulae 1 to 3 above, e.g,,
according to an embodiment.

[0132] A thickness of the EBL may be about 30 A to about
1,000 A, e.g., about 50 A to about 300 A. When the thickness
of the EBL satisfies the range described above, the movement
of the electrons as well as the movement of the holes may be
prevented.

[0133] Then, the EML may be formed on the hole transport
region by vacuum deposition, spin coating, casting, LB depo-
sition, or the like. When the EML is formed using vacuum
deposition or spin coating, the deposition and coating condi-
tions may be similar to those for the formation of the HIL,
though the conditions for deposition and coating may vary
according to the material that is used to form the EML.

_ |\_
N 0 0
/\\Ir/
F /\N\
|/
— F —_
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[0134] The EML may include a suitable emission material.
For example, the EML may include a suitable host and a
dopant. In an implementation, the EML may include the
carbazole-based compound represented by any one of For-
mulae 1 to 3, e.g., according to an embodiment.

[0135] As the host, Alg3, 4,4'-N,N'-dicarbazol-biphenyl
(CBP), poly(n-vinylcarbazole) (PVK), 9,10-di(naphthalen-
2-yl)anthracene (ADN), TCTA, 1,3,5-tris(N-phenylbenzimi-
dazole2-yl)benzene (TPBI), 3-tert-butyl-9,10-di(naphth-2-
yl)anthracene (TBADN), mCP, OXD-7, or the like may be
used, but the host is not limited thereto.

PVK
( AL
\ I l' /
mCP
N—N N—N
/A /I
O (@)
0OXD-7

[0136] The dopant may include at least one of a fluorescent
dopant and a phosphorescent dopant. The phosphorescent
dopant may be an organic metal complex including iridium
(Ir), platinum (Pt), osmium (Os), rhenium (Re), titanium (Ti),
zirconium (Zr), hafnium (Hf), or a combination of two or
more thereof.

[0137] Examples of a suitable blue dopant may include
FImpic, (F,ppy),lr(tmd), Ir(dfppz),, ter-fluorene(fluorene),
4 4'-bis(4-diphenylaminostyryl)biphenyl (DPAVBI), 2.5.8,
11-tetra-tert-butyl group perylene (TBPe), and DPVBI, but
the blue dopant is not limited thereto.

(F2ppy)olr(tmd)
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[0138] Examples of a suitable red dopant may include _continued
PtOEP, Ir(piq);, and Btplr, but the red dopant is not limited POEP
thereto.
. _ Btplr
Z | CHj3
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[0139] Examples of a suitable green dopant may include

Ir(ppy) (ppy=phenylpyridine), Ir(ppy),(acac), and Ir(mpyp)
5, but the green dopant is not limited thereto.

Ir(ppy)s
_ _ Ir(ppy)a(acac)
x
=N O=—
\\ Ir/
4 N /
— —2
B _ Ix(mpyp)s
| AN
AN

N/

[0140] When the EML includes the host and the dopant, an
amount of the dopant may generally be about 0.01 wt % to
about 15 wt %, based on 100 wt % of the EML, but it is not
limited thereto.

[0141] A thickness of the EML may be about 200 A to
about 700 A. When the thickness of the EML is in the range
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described above, the EML may have an excellent light emit-
ting ability without a substantial increase in driving voltage.
[0142] Then, the ETL may be formed on the EML by vari-
ous methods such as vacuum deposition, spin coating, or
casting. When the ETL is formed by vacuum deposition or
spin coating, the deposition and coating conditions may be
similar to those for forming the HIL, though the deposition
and coating conditions may vary according to a compound
that is used to form the ETL. An electron-transporting mate-
rial may include a suitable electron-transporting material that
stably transports electrons injected from an electron injection
electrode (cathode). Non-limiting examples of the electron-
transporting material may include quinoline derivatives, such
as tris(8-quinolinorate)aluminum (Alg3), TAZ, BAlg, beryl-
lium bis(benzoquinolin-10-olate) (Bebq2), 9,10-di(naphtha-
lene-2-ylanthracene (ADN), Compound 101, Compound
102, and Bphen, but they are not limited thereto.

<Compound 101>
N—N

/\

<Compound 102>

BAlg
<Compound 103>

7
/\| N
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2NN

\|\//
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-continued

<Compound 104>

BCP

Bphen

[0143] A thickness of the ETL may be from about 100 A to
about 1,000 A, e.g., about 150 A to about 500 A. When the
thickness of the ETL is within these ranges, the ETL may
have a satisfactory electron transporting ability without a
substantial increase in driving voltage.

[0144] In an implementation, the ETT may further include
a metal-containing material in addition to a suitable electron-
transporting organic compound. The metal-containing mate-
rial may include a Li complex. Non-limiting examples of the
Li complex may include lithium quinolate (LiQ) and Com-
pound 203 below:

<Compound 203>
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[0145] Then, the EIL, which may facilitate the injection of
electrons from the cathode, may be formed on the ETL. A
suitable electron-injecting material may be used to form the
EIL.

[0146] Non-limiting examples of the materials for forming
the EIL may include an EIL material such as LiF, NaCl, CsF,
Li,0, and BaO. The deposition conditions for forming the
EIL may be similar to those for the formation of the HIL,
though the deposition conditions may vary according to the
compound that is used to form the FIL.

[0147] A thickness of the EIL may be about 1 A to about
100 A, e.g., about 3 A to about 90 A. When the thickness of
the EIL is within these ranges, the EIL may have a satisfactory
electron injection ability without a substantial increase in
driving voltage.

[0148] The second electrode 17 may be disposed on the
organic layer 15. The second electrode 17 may be a cathode
that is an electron injection electrode, wherein a material for
forming the second electrode 17 may be a metal, an alloy, and
an electro-conductive compound, which have a low work
function, or a mixture thereof. In this regard, the second
electrode 17 may be formed of lithium (Li), magnesium
(Mg), aluminum (Al), aluminum lithium (Al—Li), calcium
(Ca), magnesium-indium (Mg—In), magnesium-silver
(Mg—Ag), or the like, which may be formed as a thin film
type transmission electrode. In some embodiments, to manu-
facture a top-emission light-emitting device, the transmission
electrode may be formed of ITO or IZO.

[0149] When a phosphorescent dopant is used in the EML,
the HBL may be formed between the ETL, and the EML by
using vacuum deposition, spin coating, casting, LB deposi-
tion, or the like, in order to help prevent diffusion of triplet
excitons or holes into the ETL. When the HBL is formed by
using vacuum deposition or spin coating, the conditions for
deposition and coating may be similar to those for the forma-
tion of the HIL, although the conditions for deposition and
coating may vary according to the compound that is used to
form the HBL. A suitable hole-blocking material may be
used, and non-limiting examples of the hole-blocking mate-
rial may include oxadiazole derivatives, triazole derivatives,
phenanthroline derivatives, or the like. In an implementation,
BCP shown below may be used as a hole-blocking material.

BCP

jife

I,

[0150] A thickness of the HBL may be from about 20 A to
about 1,000 A, e.g., about 30 A to about 300 A. When the
thickness of the HBL is within these ranges, the HBL may
have an improved hole blocking ability without a substantial
increase in driving voltage.

[0151] Although the organic light-emitting device 10 of
FIG. 1 is described above, the embodiments are not limited
thereto.
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[0152] The unsubstituted C,-C, alkyl group (or a C,-Cq,
alkyl group) used herein may be a linear or branched C,-Cy,
alkyl group, such as methyl, ethyl, propyl, isobutyl, sec-butyl,
pentyl, iso-amyl, or hexyl, wherein the substituted C,-C,
alkyl group may refer to the unsubstituted C, -C,,, alkyl group
in which at least one hydrogen atom is substituted with a
deuterium atom, 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 carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, phosphoric acid
orasaltthereof,a C,-C,, alkyl group, a C,-C, alkenyl group,
a C,-Cq, alkynyl group, and a C,-Cg, alkoxy group;

[0153] a C,-C, alkyl group, a C,-Cg, alkenyl group, a
C,-Cg, alkynyl group, and a C,-Cy, alkoxy group, each sub-
stituted 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 carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and phosphoric acid or a salt thereof;

[0154] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cp aryloxy
group, a C,-C, arylthio group, and a C,-Cg, heteroaryl
group;

[0155] a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cgp aryloxy
group, a C4-Cy,, arylthio group, and a C,-Cy, heteroaryl
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, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, phosphoric acid 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 phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a dimethylfluore-
nyl group, a diphenyl fluorenyl group, a carbazolyl group, a
phenyl a carbazolyl group, a pyridyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolyl group, and an isoquinolyl group; and
[0156] —N(Q,)(Q,.); and —S1(Q13)(Q1)(Q15)
(wherein, Q,; and Q, , may be each independently, a C4,-Cg,
aryl group, or a C,-C, heteroaryl group and Q,; to Q, 5 may
be each independently, a C, -Cy, alkyl group, a C,-C, alkoxy
group, a Cy-Cy, aryl group, or a C,-C, heteroaryl group).
[0157] The unsubstituted C,-C, alkoxy group (or C,-Cg,
alkoxy group) used herein has a formula of—OA (where A is
the unsubstituted C,-C, alkyl group described above), and
detailed examples thereof are a methoxy group, an ethoxy
group, an isopropyloxy group, and at least one hydrogen atom
of these alkoxy groups may be substituted with the same
substituent as described above in connection with the substi-
tuted C,-Cg, alkyl group.

[0158] The unsubstituted C,-Cg, alkenyl group (or C,-Cg,
alkenyl group) used herein refers to an unsubstituted C,-C,
alkyl group having one or more carbon-carbon double bonds
at a center or end thereof. Examples of the unsubstituted
C,-Cg, alkenyl group are an ethenyl group, a propenyl group,
and a butenyl group. At least one hydrogen atom of these
unsubstituted C,-C,, alkenyl groups may be substituted with
the same substituent as described above in connection with
the substituted C,-C,, alkyl group.

[0159] The unsubstituted C,-C, alkyny! group (or C,-Cg,
alkynyl group) used herein refers to an unsubstituted C,-Cy,
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alkyl group having one or more carbon-carbon triple bonds at
acenter or end thereof. Examples of the unsubstituted C,-Cy,
alkynyl group are ethynyl, propynyl, and the like. At least one
hydrogen atom of these alkynyl groups may be substituted
with the same substituent as described above in connection
with the substituted C,-C, alkyl group.

[0160] The unsubstituted C,-Cg4, cycloaryl group is a
monovalent saturated cyclic hydrocarbon group having 3 to
60 carbon atoms, and detailed examples thereof include a
cyclopropyl, a cyclobutyl, a cyclopentyl, a cyclohexyl, a
cyclooctyl, or the like. At least one hydrogen atom of the
unsubstituted C,-Cg, cycloaryl group may be substituted with
the same substituent as described above in connection with
the substituted C,-Cy, alkyl group.

[0161] Theunsubstituted C,-Cq, cycloalkenyl group refers
to aring-type unsaturated hydrocarbon group that has at least
one carbon-carbon double bond, but that is not an aromatic
ring, wherein examples thereof include a cyclopropenyl, a
cyclobutenyl, a cyclopentenyl, a cyclohexenyl, a cyclohepte-
nyl, a 1,3-cyclohexadienyl group, a 1,4-cyclohexadienyl
group, a 2,4-cycloheptadienyl group, and a 1,5-cyclooctadi-
enyl group. At least one hydrogen atom of the cycloalkenyl
group may be substituted with the same substituent as
described above in connection with the substituted C,-C,
alkyl group.

[0162] The unsubstituted C¢-Cg, aryl group is a monova-
lent group having a carbocyclic aromatic system having 6 to
60 carbon atoms including at least one aromatic ring. The
unsubstituted C,-C, arylene group is a divalent group having
a carbocyclic aromatic system having 6 to 60 carbon atoms
including at least one aromatic ring. When the aryl group and
the arylene group include two or more rings, the rings may be
fused to each other. At least one hydrogen atom of these aryl
groups and arylene groups may be substituted with the same
substituent as described above in connection with the substi-
tuted C,-Cy, alkyl group.

[0163] Examples of the substituted or unsubstituted C,-Co,
aryl group are a phenyl group, a C,-C,, alkylphenyl group
(for example, ethylphenyl group), a C,-C,, alkylbiphenyl
group (for example, ethylbiphenyl group), a halophenyl
group (for example, an o-, m- or p-fluorophenyl group, a
dichlorophenyl group), a dicyanophenyl group, a trifluo-
romethoxyphenyl group, o-, m-, and p-tolyl groups, o-, m-
and p-cumenyl groups, a mesityl group, a phenoxyphenyl
group, a (a,a-dimethylbenzene)phenyl group, a (N,N'-dim-
ethyl)aminophenyl group, a (N,N'-diphenyl)aminophenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, a halonaphthyl group (for example, a fluoronaphthyl
group), a C,-C, , alkylnaphthyl group (for example, a meth-
ylnaphthyl group), a C,-C,, alkoxynaphthyl group (for
example, a methoxynaphthyl group), an anthracenyl group, a
azulenyl group, a heptalenyl group, an acenaphthylenyl
group, a phenalenyl group, a fluorenyl group, an anthraquino-
linyl group, a methylanthryl group, a phenanthryl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, an
ethyl-chrysenyl group, a picenyl group, a perylenyl group, a
chloroperylenyl group, a pentaphenyl group, a pentasenyl
group, a tetraphenylenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a coroneryl group, a
trinaphthylenyl group, a heptaphenyl group, a heptacenyl
group, a pyranthrenyl group, and an ovalenyl group, and
examples of the substituted C,-Cy, aryl group may be easily
understood by referring to the examples of the unsubstituted
C-Cgo aryl group and the substituents of the substituted
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C,-C, alkyl group. Examples of the substituted or unsubsti-
tuted Cq-Cq, arylene group may be easily understood by
referring to examples of the substituted or unsubstituted
Cs-Cyo aryl group.

[0164] The unsubstituted C,-Cg, heteroaryl group used
herein refers to a monovalent group having a system com-
posed of one or more aromatic rings having at least one
heteroatom selected from nitrogen (N), oxygen (O}, phospho-
rous (P), and sulfur (S) and carbon atoms as the remaining
ring atoms. The unsubstituted C,-Cgq, heteroarylene group
used herein refers to a divalent group having a system com-
posed of one or more aromatic rings having at least one
heteroatom selected from nitrogen (N), oxygen (O}, phospho-
rous (P), and sulfur (S) and carbon atoms as the remaining
ring atoms. In this regard, when the unsubstituted C,-Cy,
heteroaryl group and the unsubstituted C,-C, heteroarylene
group each include two or more rings, the rings may be fused
to each other. At least one hydrogen atom of the unsubstituted
C,-C, heteroaryl group and the unsubstituted C,-C, het-
eroarylene group may be substituted with the same substitu-
ent described in connection with the C,-C,, alkyl group.
[0165] Examples of the unsubstituted C,-Cg, heteroaryl
group are a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a triazolyl group, a tetrazolyl, an
oxadiazolyl group, a pyridinyl group, a pyridazinyl group, a
pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, a quinolinyl group, an isoquinolinyl group, a
benzimidazolyl group, an imidazopyridinyl group. and an
imidazopyrimidinyl group. Examples of the unsubstituted
C,-Cq, heteroarylene group may be easily understood by
referring to the examples of the substituted or unsubstituted
C,-Cg, arylene group.

[0166] The substituted or unsubstituted C,-Cg, aryloxy
group indicates —OA, (where A, is the substituted or unsub-
stituted C4-Cgy, aryl group), and the substituted or unsubsti-
tuted C5-Cg, arylthio group indicates —S A, (where A, is the
substituted or unsubstituted C4-Cg, aryl group).

&
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[0167] Hereinafter, an organic light-emitting diode
(OLED) according to an embodiment is described in detail
with reference to Examples. However, the OLED according
to an embodiment is not limited to the Examples.

[0168] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Example 1

[0169] An anode was prepared by cutting a Corning 15
Qecm? (1,200 A) ITO glass substrate to a size of 50 mmx50
mmx0.7 mm, ultrasonically cleaning the glass substrate by
using isopropyl alcohol and pure water for 5 minutes each,
and then irradiating UV light thereon for 30 minutes and
exposing the anode to ozone to clean it. Then, the anode was
loaded into a vacuum deposition apparatus.

[0170] 2-TNATA was deposited on the ITO glass substrate
to form an HIL having a thickness of 600 A, and then, NPB
was deposited on the HIL to form an HTL having a thickness
of 300 A.

[0171] Compound 1 was deposited on the HTL to form an
EBL having a thickness of 100 A.

[0172] Then, TBPe and DPAVBi were co-deposited on the
EBL at a weight ratio of 95:5 to form an EML having a
thickness of 300 A.

[0173] Then, Compound 103 was vacuum deposited on the
EML to form an ETL having a thickness of 300 A, LiF was
vacuum deposited on the ETL to form an EIL having a thick-
ness of 10 A, and Al was vacuum deposited on the EIL to form
a second electrode (cathode) having a thickness of 3,000 A to
manufacture an organic light-emitting device.

NPB

alats
aY
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-continued

N/

TBPe

Example 2

[0174] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
2 was used instead of Compound 1 when forming an EBL.

Example 3

[0175] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
6 was used instead of Compound 1 when forming an EBL.

Example 4

[0176] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
8 was used instead of Compound 1 when forming an EBL.

Comparative Example 1

[0177] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that an EBL was
not formed.

Evaluation Example 1

[0178] Driving voltages, brightness, efficiencies, and
lifespans of the organic light-emitting devices of Examples 1
to 4 and Comparative Example 1 were evaluated by using a
PR650 Spectroscan source measurement unit (a product of
PhotoResearch). The results obtained therefrom are as shown
in Table 1.

DPAVBI

/N

<Compound 103>

TABLE 1

Electron Current

blocking Driving density

layer voltage (mA/  Efficiency Comparative

material V) cm?) (cd/A) lifespan
Comparative — 5.62 10 16.7 1
Example 1
Example 1  Compound 1 5.25 10 18.9 135
Example 2 Compound 2 5.02 10 19.0 1.1
Example 3 Compound 6  4.95 10 212 153
Example 4  Compound 8  4.87 10 20.1 132
[0179] As may be seen in Table 1, above, the organic light-

emitting devices in Examples 1 to 4 showed efficiencies and
lifespans that are at least 10% improved or higher than those
of the organic light-emitting device in Comparative Example
L.

[0180] As described above, according to the one or more of
the above embodiments, the carbazole-based compound may
have excellent electrical properties, excellent optical proper-
ties, high charge transport capability, and high thermal stabil-
ity, in which an organic light-emitting device including the
carbazole-based compound may show high efficiency, low
voltage, high brightness, and a long lifespan.

[0181] The embodiments may provide a high quality
organic light-emitting device.

[0182] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
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and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A carbazole-based compound represented by one of the
following Formulae 1 to 3:

[Formula 1]

2]

Y R7)a7 ==

D
N

N,
ate e
(Rs)us/\ /\ Re)as
X

[Formula 3]
\
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(Rypar) == /\(Rll)alz

wherein, in Formulae 1 to 3,

X is an oxygen atom or a sulfur atom;

Y, andY, are eachindependently selected from a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C,-Cy, alkyl group, a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C,-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C4-Cs,, aryl group, and a sub-
stituted or unsubstituted C,-C,, heteroaryl group;

R, to R, are each independently selected from a hydrogen
atom, a deuterium atom, a halogen atom, a cyano group,
a nitro group, a hydroxy group, a carboxyl group, a
substituted or unsubstituted C,-Cy, alkyl group, a sub-
stituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,-C, alkylthio group, a
substituted or unsubstituted C;-Cy, cycloalkyl group, a
substituted or unsubstituted C;-Cg, cycloalkylene
group, a substituted or unsubstituted C4-C,,, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
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substituted or unsubstituted C4-Cg, arythio group, a sub-
stituted or unsubstituted C,-C,, heteroaryl group, and
—N(Q)Q>)

Q, and Q, are each independently selected from a hydro-
gen atom, a deuterium atom, a C,-C,, alkyl group, a
Cs-Cyq aryl group, and a C,-C,, heteroaryl group; or Q,
and Q, bind to each other to form a saturated ring or an
unsaturated ring formed of nitrogen, Q,, and Q,;

al, a5, a8,a9,all, and al2 are each independently integers
of 0to 4;

a2, a3, and a6 are each independently integers of 0 to 3;

a4 is an integer of 0 to 2; and

a7 and al0 are each independently integers of 0 or 1.

2. The carbazole-based compound as claimed in claim 1,

wherein X is a sulfur atom.

3. The carbazole-based compound as claimed in claim 1,

whereinY, and Y, are each independently selected from:

a hydrogen atom, a deuterium atom, a C, -C,, alkyl group,
a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, a cyclopentenyl group, a cyclopenta-
dienyl group, a cyclohexenyl group, a cyclohexadienyl
group, a cycloheptadienyl group, a phenyl group, a pen-
talenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group,
an acenaphthyl group, a fluorenyl group, a spiro-fluore-
nyl group, a phenalenyl group, a phenanthrenyl group,
an anthryl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthace-
nyl group, a picenyl group, a perylenyl group, a pen-
taphenyl group, a hexacenyl group, a pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an inda-
zolyl group, a quinolinyl 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 phenanthrolinyl group, a phenazinyl
group, a benzoimidazolyl group, a furanyl group, a ben-
zofuranyl group, a thiophenyl group, a benzothiophenyl
group, a thiazolyl group, an isothiazolyl group, a ben-
zothiazolyl group, an isooxazolyl group, an oxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiaz-
olyl group, a triazinyl group, a benzooxazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group;
and

a C,-C,, alkyl group, a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a cyclopentenyl group,
a cyclopentadienyl group, a cyclohexenyl group, a
cyclohexadienyl group, a cycloheptadienyl 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 phenalenyl group, a
phenanthrenyl group, an anthryl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chryse-
nyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pyrrolyl group, an imidazolyl group, a pyra-
zolyl group, a pyridyl group, a pyrazinyl group, a pyri-
midinyl group, a pyridazinyl group, an isoindolyl group,
an indolyl group, an indazolyl group, a quinolinyl group,
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a benzoquinolinyl group, a phthalazinyl group, a naph-
thyridinyl group, a quinoxalinyl group. a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl D D
group, a phenazinyl group, a benzoimidazolyl group, a

furanyl group, a benzofuranyl group, a thiophenyl

group, a benzothiophenyl group, a thiazolyl group, an D D
isothiazolyl group, a benzothiazolyl group, an isoox-

azolyl group, an oxazolyl group, a triazolyl group, a

tetrazolyl group, an oxadiazolyl group, a triazinyl group, "
a benzooxazolyl group, a dibenzofuranyl group, and a

dibenzothiophenyl group, each substituted with at least

one of a deuterium, a halogen atom, a hydroxyl group, a

cyano group, a nitro group, a C;-C,, alkyl group, a

C,-C,, alkoxy group, a C;-C,, cycloalkyl group, a

C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkyl

group, aC,-C, , heterocycloalkenyl group, a C4-C,, aryl

group, a C¢-C;, aryloxy group, a C4-Cs, arylthio group, .
and a C,-C,, heteroaryl group.

-continued
42

Ed

43
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4. The carbazole-based compound as claimed in claim 1,
whereinY, and Y, are each independently selected from:

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthryl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, and a chrysenyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthryl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, and a chrysenyl group, each substituted

Me
e
and,

in Formulae 4-1 to 4-4, * is a binding site to an N of a

with at least one of a deuterium, —F, a cyano group, a
nitro group, a methyl group, an ethyl group, an n-propyl
group, iso-propyl group, an n-butyl group, a sec-butyl
group, iso-butyl group, a tert-butyl group, a phenyl
group, a naphthyl group, and an anthryl group.

5. The carbazole-based compound as claimed in claim 1,

wherein Y, andY, are each independently selected from:

aphenyl group, a 1-naphthyl group, a 2-naphthyl group, a
1-fluoreny! group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group; and

aphenyl group, a 1-naphthyl group, a 2-naphthyl group, a
1-fluoreny! group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with at
least one of a deuterium, a methyl group, an ethyl group,
a phenyl group, a 1-naphthyl group, and a 2-naphthyl
group.

6. The carbazole-based compound as claimed in claim 1,

wherein:

Y, and Y, are each independently represented by one of
Formulae 4-1 to 4-4 below:

41

carbazole ring.
7. The carbazole-based compound as claimed in claim 1,

wherein

R, toR,, are each independently selected from:

a hydrogen atom, a deuterium atom, a halogen atom, a
cyano group, a nitro group, a hydroxy group, C,-Cs,
alkyl group, a cyclopropyl group, a cyclobutyl group,
a cyclopentyl group, a cyclohexyl group, a cyclohep-
tyl group, a cyclooctyl group, a cyclopentenyl group,
a cyclopentadienyl group, a cyclohexenyl group, a
cyclohexadienyl group, a cycloheptadienyl 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 phenalenyl
group, a phenanthrenyl group, an anthryl group, a
fluorantheny! group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pyrrolyl group, an imida-
zolyl group, a pyrazolyl group, a pyridyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an inda-
zolyl group, a quinolinyl group, a benzoquinolinyl
group, aphthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoimidazolyl group, a furanyl
group, a benzofuranyl group, a thiophenyl group, a
benzothiophenyl group, a thiazolyl group, an isothia-
zolyl group, a benzothiazolyl group, an isooxazolyl
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group, an oxazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a triazinyl group, a
benzooxazolyl group, a dibenzofuranyl group, a
dibenzothiopheny! group, and —N(Q,)(Q,);

a C,-C,, alkyl group, a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, a cyclopente-
nyl group, a cyclopentadienyl group, a cyclohexenyl
group, a cyclohexadieny! group, a cycloheptadienyl
group, a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptal-
enyl group, an indacenyl group, an acenaphthyl
group, a fluorenyl group, a spiro-fluorenyl group, a
phenaleny! group, a phenanthrenyl group, an anthryl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphe-
nyl group, a hexacenyl group, a pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an inda-
zolyl group, a quinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
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olyl group, a benzothiazolyl group, a triazolyl group,
a tetrazolyl group, a triazinyl group, and —N(Q,)
(Qy):

a pheny! group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an
anthryl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, a quinolinyl
group, a carbazolyl group, a furanyl group, a benzo-
furanyl group, a thiophenyl group, a benzothiophenyl
group, a thiazolyl group, a benzothiazolyl group, a
triazolyl group, a tetrazolyl group, and a triazinyl
group, each substituted with at least one of a deute-
rium, —F, a cyano group, a nitro group, a methyl
group, an ethyl group, an n-propyl group, iso-propyl
group, an n-butyl group, a sec-butyl group, iso-butyl
group, a tert-butyl group, a phenyl group, a naphthyl
group, and an anthryl group, and

Q, and Q, are each independently selected from a phenyl

group, a naphthyl group, an anthryl group, and a fluore-
nyl group.

9. The carbazole-based compound as claimed in claim 1,
wherein:
R, toR,, are each independently selected from:

quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a

phenazinyl group, a benzoimidazolyl group, a furanyl
group, a benzofuranyl group, a thiophenyl group, a
benzothiophenyl group, a thiazolyl group, an isothia-
zolyl group, a benzothiazolyl group, an isooxazolyl
group, an oxazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a triazinyl group, a
benzooxazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at
least one of a deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a C,-C,, cycloalkyl
group, a C,-C | cycloalkenyl group, a C,-C, ; hetero-
cycloalkyl group, a C,-C, , heterocycloalkenyl group,
aC4-Cyparyl group, a Ce-Csq aryloxy group, a C4-Cyy
arylthio group, and a C,-C;,, heteroaryl group, and

ahydrogen atom, a deuterium atom, —F, a cyano group,
anitro group, a methyl group, an ethyl group, a phenyl
group, a l-naphthyl group, a 2-naphthyl group, a
1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, a 4-fluorenyl group, a 1-carbazolyl group, a
2-carbazolyl group, a 3-carbazolyl group, a 4-carba-
zolyl group, and —N(Q,)(Q,);

aphenyl group, a 1 -naphthyl group, a 2-naphthyl group,
a 1-fluorenyl group, a 2-fluoreny! group, a 3-fluorenyl
group, a 4-fluorenyl group, a 1-carbazolyl group, a
2-carbazolyl group, a 3-carbazolyl group, and a 4-car-
bazolyl group, each substituted with at least one of a
deuterium, —F, a cyano group, anitro group, a methyl
group, an ethyl group, a phenyl group, a naphthyl
group, and an anthryl group, and

Q, and Q, are each independently selected from a phenyl
group, and a naphthyl group.
10. The carbazole-based compound as claimed in claim 1,

Q, and Q, are each independently selected from a C4-Cs,
aryl group and a C,-C,,, heteroaryl group.
8. The carbazole-based compound as claimed in claim 1, wherein:

wherein: R, to R, are each independently represented by one of the

. following Formulae 5-1 to 5-8:
R, to R}, are each independently selected from:

ahydrogen atom, a deuterium atom, —F, a cyano group,
a nitro group, a hydroxy group, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group,
an n-butyl group, a sec-butyl group, an iso-butyl
group, a tert-butyl group, a cyclopentyl group, a
cyclohexyl group, a cyclopentenyl group, a cyclohex-
enyl group, a cycloheptadieny] group, a phenyl group,
a naphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a phenanthrenyl group, an anthryl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl

5-1

5-2

D D
group, a pyrrolyl group, an imidazolyl group, a pyra-
zolyl group, a pyridyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl b D
group, an indolyl group, a quinolinyl group, a carba-
zolyl group, a furanyl group, a benzofuranyl group, a D

thiophenyl group, a benzothiophenyl group, a thiaz-
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Ed

5

ks
0

and

in Formulae 5-1 to 5-8, * is a binding site.
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11. The carbazole-based compound as claimed in claim 1,
53 wherein:

the carbazole-based compound is represented by one of the
following Formulae 1a to 1d, 2a to 2d, and 3:

5.4 <Formula la>

5-5
<Formula 1b>
5-6
<Formula 1¢>
Y,
IL (R\Z)HZ
7\ N
=l > R3)z3
X
Rt U \/(R4)a4
=\
5-7 X
<Formula 1d>
Ra)az
5-8
\ (Rg)as
A= S
R3)a3 X
<Formula 2a>
Ry)a7
( < = /(Rs)as
Y Z/ \ /
A
/ \ / N\

Rs)as ™ TR
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-continued

<Formula 2b>

= / (RS)QS

<Formula 2¢>

_\(RS)HS
<Formula 2d>
Y,
|
N,
atn
Relos™ N TR
A (Rg)gs
///_ \
Ro)ar”™ Ny
<Formula 3>
/ X
\
Ro)ag—— —— Rioan
N | |/
N,
/7 T\
(Rn)au/\ /\(RIZ)aD

in Formulae la to 1d, 2a to 2d, and 3:
X is an oxygen atom or a sulfur atom;
Y, and Y, are each independently selected from:
aphenyl group, a 1-naphthyl group, a 2-naphthyl group,
a l-fluorenyl group, a 2-fluoreny! group, a 3-fluorenyl
group, and a 4-fluorenyl group; and
a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
a 1-fluorenyl group, a 2-fluoreny! group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with
at least one of a deuterium, a methyl group, an ethyl
group, a phenyl group, a 1-naphthyl group, and a
2-naphthyl group;
R, to R, are each independently selected from:
a hydrogen atom, a deuterium atom, an —F, a cyano
group, a nitro group, a methyl group, an ethyl group,
a phenyl group, a naphthyl group, a fluorenyl group, a
carbazolyl group and —N(Q, }(Q,); and
a phenyl group, a naphthyl group, a fluorenyl group, and
a carbazolyl group, each substituted with at least one
of a deuterium, an —F, a cyano group, a nitro group,
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a methyl group, an ethyl group, a phenyl group, a
naphthyl group, and an anthryl group;

al, a5, a8,a9,all, and al2 are each independently integers
of 0to 4;

Q, and Q, are each independently selected from a phenyl
group, and a naphthyl group;

a2, a3, and a6 are each independently integers of 0 to 3;
a4 is an integer of 0 to 2; and
a7 and al0 are each independently integers of 0 or 1.

12. The carbazole-based compound as claimed in claim 1,
wherein:

the carbazole-based compound is represented by one ofthe
following Formulae 1a to 1d, 2a to 2d, and 3:

<Formula la>

<Formula 1b>

\/ (Ra)as

2

<Formula 1¢>

<Formula 1d>

Ra)a

%(Mm

Ra)a

Rpar
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-continued

<Formula 2a>

R)ar

= /(Rs)as
Tz Z> \ /
7\ [ N

(Rs)as™ V.

= — Re)as

<Formula 2b>

<Formula 2¢>

_\(Rs)as
<Formula 2d>
Y,
|
N,
7\ [\
Rsls T R
o (RS)aS
J"™\
(R7)a7/\X
<Formula 3>
F X
\
Ro)ao—~ 77— Rioars
~ | | / 10)ald
N
/7 \ [ N
(Rll)all/\ /\(Rlz)alz

in Formulae lato 1d, 2a to 2d, and 3:

X is an oxygen atom or a sulfur atom;
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Y, andY, are each independently represented by one of the
following Formulae 4-1 to 4-4:

41
i*
42
*
D D
D D
D
43
* i
44
*

in Formulae 4-1 to 4-4, * is a binding site to N of a carba-
70le;

R, to R, are each independently represented by one of the
following Formulae 5-1 to 5-8:

5-1

5-2



US 2015/0311451 Al

-continued

Ed

&
*®
*
*

2O

3
ge

Me
M

A

Z,

of 0 to 4,

L

in Formulae 5-1 to 5-8, * is a binding site;
al, a5, a8, a9,all, and al2 are each independently integers
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a2, a3, and a6 are each independently integers of 0 to 3;
53 a4 is an integer of 0 to 2; and
a7 and al0 are each independently integers of 0 or 1.

13. The carbazole-based compound as claimed in claim 1,
wherein:

5-4 the carbazole-based compound is represented by one of the
following Formulae 1e to 1h, 2e to 2h, and 3a:

<Formula le>

5-5 N X Ry

<Formula 1>

\ :

<Formula 1g>

Y,

N

5.6
5.7 Ry

<Formula 1h>

5.8 R Rez

<Formula 2e>

Re
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-continued

<Formula 2>

Y,

2
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zolyl group, and —N(Q, X(Q,). inwhich Q, and Q, are
each independently a phenyl group or a naphthyl
group; and

aphenyl group, a naphthyl group, a fluorenyl group, and
a carbazolyl group, each substituted with at least one
of a deuterium, —F, a cyano group, a nitro group, a
methyl group, an ethyl group, a phenyl group, a naph-
thyl group, and an anthryl group.

|
N
:
&
RS ) L
X 14. The carbazole-based compound as claimed in claim 1,

wherein:

the carbazole-based compound is represented by one of
Formulae le to 1h, 2e to 2h, and 3a:

<Formula 2g>

]; %
O~ 0

Tl
Raz

XX <Formula 3> N / /\ X ! Rar
|

in Formulae le to 1h, 2e to 2h, and 3a:

<Formula le>

Ry

<Formula 1g>

X is an oxygen atom or a sulfur atom;

Y, and Y, are each independently selected from:

a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
a 1-fluorenyl group, a 2-fluorenyl group, a 3-fluorenyl
group, and a 4-fluorenyl group; and <Formula 1h>

aphenyl group, a 1-naphthyl group, a 2-naphthyl group,
a 1-fluorenyl group, a 2-fluoreny! group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with
at least one of a deuterium, a methyl group, an ethyl
group, a phenyl group, 1-naphthyl group and 2-naph-
thyl group;

R, R, Ro, Ry, Ry, R, 1, Rysy Ry, and Ry, are each inde- \
pendently selected from: / \
ahydrogen atom, a deuterium atom, —F, a cyano group, —

anitro group, a methyl group, an ethyl group, a phenyl X Ry
group, a naphthyl group, a fluorenyl group, a carba-
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-continued
<Formula 2e>

<Formula 2>

<Formula 2g>

-

<Formula 2h>

A :
A

<Formula 3a>
X

>
20

in Formulae le to 1h, 2e to 2h, and 3a:

Ryo

X is an oxygen atom or a sulfur atom;
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Y, andY, are each independently represented by one of the
following Formulae 4-1 to 4-4:

41
i*
42
*
D D
D D
D
43
* i
44
*

in Formulae 4-1 to 4-4, * is a binding site to N of a carba-
zole ring; and

R..R,, R, R, R, Ry, Ry 5, R, and R, are each inde-
pendently represented by one of the following Formulae
5-1to 5-8:

51

5-2
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5
2
:
)

and

in Formulae 5-1 to 5-8, * is a binding site.
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15. The carbazole-based compound as claimed in claim 1,
53 wherein:

the carbazole-based compound is represented by one of the
following Formulae 1i, 1j, 2i, and 3b:

<Formula 1>
54

5-5
Ryt

<Formula 1j>

Y,

\
f N,

<Formula 2i>

z—%

aiey

Rg

57

<Formula 3b>

5-8

5

TN

in Formulae 11, 1j, 2i, and 3b:

R

X is an oxygen atom or a sulfur atom;
Y, and Y, are each independently selected from:
a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
a 1-fluorenyl group, a 2-fluoreny! group, a 3-fluorenyl
group, and a 4-fluorenyl group; and
a phenyl group, a 1 -naphthyl group, a 2-naphthyl group,
a 1-fluorenyl group, a 2-fluoreny! group, a 3-fluorenyl
group, and a 4-fluorenyl group, each substituted with
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at least one of a deuterium, a methyl group, an ethyl
group, a phenyl group, 1-naphthyl group and 2-naph-
thyl group;
R, R;, R, Rg, R, R, [, R, R, and R, are each inde-
pendently selected from:

ahydrogen atom, a deuterium atom, —F, a cyano group,
anitro group, a methyl group, an ethyl group, a phenyl
group, a naphthyl group, a fluorenyl group, a carba-
zolyl group and —N(Q, X(Q,); and

a phenyl group, a naphthyl group, a fluorenyl group and
a carbazolyl group, each substituted with at least one
of a deuterium, —F, a cyano group, a nitro group, a
methyl group, an ethyl group, a phenyl group, a naph-
thyl group, and an anthryl group, and

Q, and Q, are each independently selected from a phenyl
group and a naphthyl group.

16. The carbazole-based compound as claimed in claim 1,
wherein:

the carbazole-based compound is represented by one of the
following Formulae 1i, 1j, 2i, and 3b:

<Formula 1i>

<Formula 1j>

Ryy
X

<Formula 2i>
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-continued

Ryg \T *
N,

Rl R

<Formula 3b>

in Formulae 11, 1j, 2i, and 3b:
X is an oxygen atom or a sulfur atom;

Y, andY, are each independently represented by one ofthe
following Formula 4-1 to 4-4:

41
i*
42
*
D D
D D
D
43
* i
44
&

in Formulae 4-1 to 4-4, * is a binding site to N of a carba-
zole ring;

R, R, R, Re, Ry, Ry Rys, Ry, and R, are each inde-
pendently represented by one of the following Formulae
5-1t0 5-8:
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-continued
5-1 5-6

*

5-2

D 5-7

i Q
N
54 Q

o Y0

in Formulae 5-1 to 5-8, * is a binding site.

17. The carbazole-based compound as claimed in claim 1,
wherein the carbazole-based compound is one of the follow-
ing Compounds 1 to 9:

[Compound 1] [Compound 2]
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-continued
[Compound 3] [Compound 4]

[Compound 3]

[Compound 6]
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-continued
[Compound 7]
[Compound 8] [Compound 9]

18. An organic light-emitting device, comprising:

a first electrode;

a second electrode; and

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

wherein the organic layer includes the carbazole-based
compound as claimed in claim 1.

19. The organic light-emitting device as claimed in claim

18, wherein the organic layer includes:

a hole-transporting region between the first electrode and
the emission layer, the hole-transporting region includ-
ing at least one of hole injection layer, a hole transport

layer, a functional layer having both hole injecting and
hole transporting capabilities, a buffer layer, and an elec-
tron blocking layer, and

an electron transport region between the emission layer

and the second electrode, the electron transport region
including at least one of an electron transport layer and
an electron injection layer.

20. The organic light-emitting device as claimed in claim
18, further comprising an electron blocking layer between the
first electrode and the emission layer, the electron blocking
layer including the compound.

ok % k&
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