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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2016-0061439, filed on
May 19, 2016, in the Korean Intellectual Property Office,
and entitled: “Heterocyclic Compound and Organic Light-
Emitting Device Including the Same,” is incorporated by
reference herein in its entirety.

BACKGROUND

1. Field

Embodiments relate to a heterocyclic compound and an
organic light-emitting device including the same.

2. Description of the Related Art

Organic light-emitting devices are self-emission devices
and have wide viewing angles, high contrast ratios, short
response times, and excellent brightness, driving voltage,
and response speed characteristics, compared to devices in
the art, and produce full-color images.

An example of such organic light-emitting devices 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, which are sequentially
disposed on the first electrode in this stated order. Holes
provided from the first electrode may move toward the
emission layer through the hole transport region, and elec-
trons provided from the second electrode may move toward
the emission layer through the electron transport region.
Carriers, such as holes and electrons, may recombine in the
emission layer to produce excitons. These excitons transi-
tion from an excited state to a ground state, thereby gener-
ating light.

SUMMARY

Embodiments are directed to a heterocyclic compound
and an organic light-emitting device including the same.

The embodiments may be realized by providing a hetero-
cyclic compound represented by Formula 1:

A-(Ar)aars <Formula 1>

wherein, in Formula 1, A, is a group represented by
Formula 2, A, is a group represented by Formula 3, and a21
is an integer of 1 to 11, wherein, when a21 is 2 to 11, two
or more of A, are identical to or different from each other:

<Formula 2>

<Formula 3>
*

L)y (AD)m,

wherein F, in Formula 2 is a dibenzofuran moiety or a
dibenzothiophene moiety, R, to Ry and R, in Formula 2 are
each independently selected from a binding site to A,,
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2
hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or unsub-
stituted C,-Cq, alkyl group, a substituted or unsubstituted
C,-Cy, alkenyl group, a substituted or unsubstituted C,-C,
alkynyl group, a substituted or unsubstituted C,-Cy, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C,;-C,,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cgo aryl group, a substituted or unsubstituted C4-Cg,
aryloxy group, a substituted or unsubstituted C4-C, arylthio
group, a substituted or unsubstituted C,-C, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, a substituted or unsub-
stituted monovalent non-aromatic condensed heteropolycy-
clic group, —Si(Q)(Q:)(Qs), and —S(=0),(Q,), b6 in
Formula 2 is an integer of 0 to 6, wherein, when b6 is 2 to
6, two or more of R are identical to or different from each
other, X, in Formula 2 is O or S, at least one of R, to R and
R, is a binding site to A,, a number of R, to Ry and R,
being the binding site to A, being the same as a21, L in
Formula 3 is selected from a substituted or unsubstituted
C;-C,, cycloalkylene group, a substituted or unsubstituted
C,-C 40 heterocycloalkylene group, a substituted or unsub-
stituted C,-C,, cycloalkenylene group, a substituted or
unsubstituted C, -C, , heterocycloalkenylene group, a substi-
tuted or unsubstituted C4-C, arylene group, a substituted or
unsubstituted C,-Cy,, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group, n in Formula 3
is an integer of 0 to 7, wherein, when nis 2 to 7, two or more
of L are identical to or different from each other, Ar in
Formula 3 is selected from a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C,-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C;-Cg, aryl group, a substituted or unsubsti-
tuted Cq-Cygq aryloxy group, a substituted or unsubstituted
Cs-Cg arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, —Si(Q.)(Q)(Qy) —C(=O0)Qy),
—S(=0),(Q,), and —P(=0)(Q,)(Qs), m 1n Formula 3 is
an integer of 1 to 7, wherein, when m is 2 to 7, two or more
of Ar are identical to or different from each other, and at least
one substituent of the substituted C;-C,, cycloalkylene
group, the substituted C, -C, , heterocycloalkylene group, the
substituted C,-C,, cycloalkenylene group, the substituted
C,-C,; heterocycloalkenylene group, the substituted C4-Cy,
arylene group, the substituted C,-C, heteroarylene group,
the substituted divalent non-aromatic condensed polycyclic
group, the substituted divalent non-aromatic condensed het-
eropolycyclic group. the substituted C,-Cg, alkyl group, the
substituted C,-Cg, alkenyl group, the substituted C,-Cg,
alkynyl group, the substituted C,-Cg, alkoxy group, the
substituted C5-C,, cycloalkyl group, the substituted C,-C,,
heterocycloalkyl group, the substituted C;-C,, cycloalkenyl
group, the substituted C,-C, , heterocycloalkenyl group, the
substituted C¢-Cg, aryl group, the substituted C¢-Cg, ary-
loxy group, the substituted C,-C, arylthio group, the sub-
stituted C,-C,, heteroaryl group, the substituted monovalent
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non-aromatic condensed polycyclic group, and the substi-
tuted monovalent non-aromatic condensed heteropolycyclic
group is selected from:

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a substituted or unsubstituted
C,-Cgo alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-Cg, alkynyl
group, and a substituted or unsubstituted C,-Cg, alkoxy
group; a C,-Cg, alkyl group, a C,-Cy4, alkenyl group, a
C,-C4, alkynyl group, and a C,-C,, alkoxy group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C;-C |, cycloalkyl group, a C,-C, , heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a C,-Cy, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic

group, —Si(Q)(Q1)(Qu3), —N(Q)(Q12): —BQyy)
Q1) —C(=0)(@Q,1). —S(=0),(Q,), and —P(—=0)(Q,,)
(Q.,); a C5-C, cycloalkyl group, a C,-C, , heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a C4-Cg,, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group; a C;-C, 4 cycloalkyl group, a C,-C, , heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a C4-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-Cq, alkyl group, a C,-C, alkenyl
group, a C,-Cg, alkynyl group, a C,-Cq, alkoxy group, a
C;-C, 4 cycloalkyl group, a C, -C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cqy, aryl group, a C4-Cqy, aryloxy group, a
Cs-Cep arylthio group, a C,-C, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,
—SiQo)Q2)(Qz3),  —N(Q)(Q),  —B(Q:)(Q),
—C(=0)(Q,), —S(=0)5(Qy;), and —P(=0)(Q;)(Q,):
and —Si(Q5,)(Q52)(Q53), —N(Q;5,)(Q52), *B(Qs))(Qsz):
—C(=0)Qs1), —S(=0)x(Qs)), and —P(=0)(Q31)(Qs).

wherein Q, 10 Qg, Q;; 10 Qy3,Q; 10 Qp3, and Q5 10 Q55 are
each independently selected from hydrogen, deuterium, —F,

—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C,-C,, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg4, alkoxy group, a C5-C,
cycloalkyl group, a C, -C, , heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cgo aryl group, a C,-Cy, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monovalent
non-aromatic condensed heteropolycyclic group, a biphenyl
group, a terphenyl group, and a naphthyl group.

The embodiments may be realized by providing an
organic light-emitting device including a first electrode; a
second electrode facing the first electrode; and an organic
layer between the first electrode and the second electrode
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4

and comprises an emission layer, wherein the organic layer
includes the heterocyclic compound according to an
embodiment

BRIEF DESCRIPTION OF THE DRAWINGS

Features will be apparent to those of skill in the art by
describing in detail exemplary embodiments with reference
to the attached drawings in which:

FIG. 1 illustrates a schematic cross-sectional diagram of
an organic light-emitting device according to an embodi-
ment;

FIG. 2 illustrates a schematic cross-sectional diagram of
an organic light-emitting device according to an embodi-
ment;

FIG. 3 illustrates a schematic cross-sectional diagram of
an organic light-emitting device according to an embodi-
ment; and

FIG. 4 illustrates a schematic cross-sectional diagram of
an organic light-emitting device according to an embodi-
ment.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
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.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred
to as being “on” another layer or element, it can be directly
on the other layer or element, or intervening layers may also
be present. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

A heterocyclic compound according to an embodiment
may be represented by Formula 1.

A(Ar)aars <Formula 1>

In Formula 1, A; may be a group represented by Formula
2; A, may be a group represented by Formula 3; and a2l
may be an integer of 1 to 11. In an implementation, when
a2l is 2 to 11, two or more of A, may be identical to or
different from each other:

<Formula 2>

<Formula 3>
*

L)y (Ar)yy.

F,, b6, R, to R, Ry5, X, L, Ar, n, and m in Formulae 2
and 3 are described below.
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In an implementation, F, in Formula 2 may be, e.g., a
dibenzofuran moiety or a dibenzothiophene moiety. For
example, F, may be a dibenzofuran.

R, toR5and R, in Formula 2 may each independently be
selected from or include, e.g., a binding site to A,, hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a substituted or unsubstituted C,-Cy,
alkyl group, a substituted or unsubstituted C,-C, alkenyl
group, a substituted or unsubstituted C,-Cg,, alkynyl group,
a substituted or unsubstituted C,-Cy, alkoxy group, a sub-
stituted or unsubstituted C;-C, , cycloalkyl group, a substi-
tuted 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 unsubstituted C4-Cg, aryl group, a
substituted or unsubstituted C4-Cy, aryloxy group, a substi-
tuted or unsubstituted Cy4-Cg, arylthio group, a substituted or
unsubstituted C,-Cq, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q,)(Q,)
(Qy). and —S5(=0),(Q,).

b6 in Formula 2 may be an integer of 0 to 6. In an
implementation, when b6 is 2 to 6, two or more of Ry may
be identical to or different from each other.

X, in Formula 2 may be, e.g., O or S. In an implemen-
tation, X, may be O. In an implementation, X, may be S.

In an implementation, X, in Formula 2 may be O, and F,
in Formula 2 may be a dibenzofuran moiety. In an imple-
mentation, X, in Formula 2 may be O, and F; in Formula 2
may be a dibenzothiophene moiety. In an implementation,
X, in Formula 2 may be S, and F, in Formula 2 may be a
dibenzofuran moiety. In an implementation, X, in Formula
2 may be S, and F, in Formula 2 may be a dibenzothiophene
moiety.

In an implementation, at least one selected from R, to R,
and R, , may be a binding site to A, Formula 1. For example,
a number of R, to R and R, that are the binding site to A,
may be the same number as the value of a21. For example,
when a2l is 2, two of R, to R and R, are binding sites to
A,

a2l in Formula 1 may be an integer of 1 to 6. In an
implementation, a21 may be an integer of 1 to 3. In an
implementation, a21 may be 1.

L in Formula 3 may be selected from or include, e.g., a
substituted or unsubstituted C,-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C,-C,, cycloalk-
enylene group, a substituted or unsubstituted C, -C, , hetero-
cycloalkenylene group, a substituted or unsubstituted
Cs-Cgp arylene group, a substituted or unsubstituted C,-Cg,
heteroarylene group, a substituted or unsubstituted divalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted divalent non-aromatic condensed heteropo-
lycyclic group.

In an implementation, LL in Formula 3 may be selected
from:

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
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nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a cinno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a cinno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,;-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
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quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a c¢inno-
linyl group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzoimida-

zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, an azacarbazolyl group, and —Si(Q;,)(Q5,)
(Qs3).
In an implementation, L. in Formula 3 may be a group
represented by one of the following Formulae 5-1 to 5-34:
Formula 5-1
N (Z)as
$
aw
Formula 5-2
(Zas
$
NN
Formula 5-3
(Z1)as
$
aw
Formula 5-4
Z1)as
Formula 5-5
@1)as
Formula 5-6
Z1)as Nw
. Formula 5-7

Z1)as M
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-continued
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Formula 5-8

Formula 5-9

Formula 5-10

Formula 5-11

Formula 5-12

Formula 5-13

Formula 5-14

Formula 5-15

Formula 5-16
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Formula 5-17

Formula 5-18

Formula 5-19

Formula 5-20

Formula 5-21

Formula 5-22

Formula 5-23

Formula 5-24

Formula 5-25

Formula 5-26
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Formula 5-34

In Formulae 5-1 to 5-34,

Y, may be O, S, C(Z;)(Z,), N(Zs), or Si(Z)(Z5),

7, to Z, may each independently be selected from deu-
terium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-bifluorenyl group, a spiro-benzo-
fluorene-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group., a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentacenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an
imidazolyl 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 indolyl group, an isoindolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, an isoquino-
linyl group, a phthalazinyl group, a naphthyridinyl group, a
quinoxaliny] group, a benzoquinoxalinyl group, a quinazoli-
nyl group, a benzoquinazolinyl group, a cinnolinyl group, a
phenanthridiny] group, an acridinyl group, a phenanthrolinyl
group, a phenazinyl group, a benzimidazolyl group, a ben-
zofuranyl group, a benzothiophenyl group, a benzosilolyl
group, a benzothiazolyl group, an isobenzothiazolyl group,
a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a dibenzosilolyl group, a benzocarba-
zolyl group, a naphthobenzofuranyl group, a naphthoben-
zothiophenyl group, a naphthobenzosilolyl group, a
dibenzocarbazolyl group, a dinaphthofuranyl group, a
dinaphthothiophenyl group, a dinaphthosilolyl group, a thia-
diazolyl group, an imidazopyridinyl group, an imidazopy-
rimidinyl group, an oxazolopyridinyl group, a thiazolo-
pyridinyl group, a benzonaphthyridinyl group, an
azafluorenyl group, an azaspiro-bifluoreny! group, an azac-
arbazolyl group, an azadibenzofuranyl group, an azadiben-
zothiophenyl group, an azadibenzosilolyl group, an inden-
opyrrolyl ~ group, an indolopyrrolyl  group, an
indenocarbazolyl group, an indolocarbazolyl group, and
—Si(Q3)(Q32)(Qs3):

d2 may be an integer selected from 0 to 2,

d3 may be an integer selected from 0 to 3,

d4 may be an integer selected from 0 to 4,

d5 may be an integer selected from 0 to 5,

d6 may be an integer selected from 0 to 6,

d8 may be an integer selected from 0 to 8, and

* and * each indicate a binding site to a neighboring
atom.
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In an implementation, I may be a group represented by
one of Formula 5-1, 5-2, or 5-13, and Z, in Formula 5-1, 5-2,
or 5-13 may be selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C,-C,, alkyl group, and a C,-C,, alkoxy group.

n in Formula 3 may be an integer selected from 0 to 7. In
an implementation, n in Formula 3 may be 0, 1, or 2.

In an implementation, n may be 1. When n is two or more,
two or more of L. may be identical to or different from each
other, and when n is zero, “~(L),-" indicates a single bond.

Ar in Formula 3 may be selected from or include, e.g., a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted 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 unsubstituted C4-Cg, aryl group, a
substituted or unsubstituted C4-Cg, aryloxy group, a substi-
tuted or unsubstituted C,-Cg,, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q,)(Qs)
(@9 ~CEONQ). —SE0Qu. ad —P=O0)Q

5).

In an implementation, Ar in Formula 3 may be selected
from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, a pyridinyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a thiadiazolyl group, an oxadi-
azolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a benzoacridinyl group, a benzo-
phenanthrenyl group, a dibenzophenanthrenyl group, a ben-
zophenanthridinyl group, a dibenzophenanthridinyl group,
an indenophenanthrenyl group, an indolophenanthrenyl
group, a benzofuranophenanthrenyl group, a benzothio-
phenanthrenyl group, a benzosilolephenanthrenyl group, an
indenophenanthridinyl group, an indolophenanthridinyl
group, a benzofuranophenanthridinyl group, a benzothio-
phenanthridiny] group, a benzosilolephenanthridinyl group,
a dinaphthofuranyl group, a dinaphthothiophenyl group, a
dinaphthosilolyl group, a dinaphthopyrrolyl group, a ben-
zoanthracenyl group, a phenanthrolinyl group, a phenazinyl
group, a benzimidazolyl group, an isobenzothiazolyl group,
a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, and an azacarbazolyl group;

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,



US 10,305,046 B2

13
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, a pyridiny! group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a thiadiazolyl group, an oxadi-
azolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a benzoacridinyl group, a benzo-
phenanthrenyl group, a dibenzophenanthrenyl group, a ben-
zophenanthridinyl group, a dibenzophenanthridinyl group,
an indenophenanthrenyl group, an indolophenanthrenyl
group, a benzofuranophenanthrenyl group, a benzothio-
phenanthrenyl group, a benzosilolephenanthrenyl group, an
indenophenanthridinyl group, an indolophenanthridinyl
group, a benzofuranophenanthridinyl group, a benzothio-
phenanthridiny] group, a benzosilolephenanthridinyl group,
a dinaphthofuranyl group, a dinaphthothiophenyl group, a
dinaphthosilolyl group, a dinaphthopyrrolyl group, a ben-
zoanthracenyl group, a phenanthrolinyl group, a phenazinyl
group, a benzimidazolyl group, an isobenzothiazolyl group,
a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, and an azacarbazolyl group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, a pyridinyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a thiadiazolyl group, an oxadi-
azolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a benzoacridinyl group, a benzo-
phenanthrenyl group, a dibenzophenanthrenyl group, a ben-
zophenanthridinyl group, a dibenzophenanthridinyl group,
an indenophenanthrenyl group, an indolophenanthrenyl
group, a benzofuranophenanthrenyl group, a benzothio-
phenanthrenyl group, a benzosilolephenanthrenyl group, an
indenophenanthridinyl group, an indolophenanthridinyl
group, a benzofuranophenanthridinyl group, a benzothio-
phenanthridiny] group, a benzosilolephenanthridinyl group,
a dinaphthofuranyl group, a dinaphthothiophenyl group, a
dinaphthosilolyl group, a dinaphthopyrrolyl group, a ben-
zoanthracenyl group, a phenanthrolinyl group, a phenazinyl
group, a benzimidazolyl group, an isobenzothiazolyl group,
a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
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group, a tetrazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, and an azacarbazolyl group; and
—Si(Q4)(Q5)(Qs), —C(=0)Q,), —S(=0),(Q.), and
*P(:O)(ta)(Qs)-
In an implementation, Ar in Formula 3 may be a group
represented by one of the following Formulae 6-1 to 6-37:

Formula 6-1
. (Z31)es
| ”
/
Formula 6-2
*
xR
| ) @a
N
Formula 6-3
*
T X
T @ser
/ /
Formula 6-4
%
\ \
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Formula 6-5
Formula 6-6
*
N\
N
—
] s
Formula 6-7
@s1)es
Formula 6-8
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Formula 6-9

Formula 6-10

Formula 6-11

Formula 6-12

Formula 6-13
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(Z32)es

(Z32)es

Formula 6-17

Formula 6-18

Formula 6-19

Formula 6-20

Formula 6-21

Formula 6-22
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Formula 6-23

Formula 6-24

Formula 6-25

Formula 6-26

Formula 6-27

Formula 6-28
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Formula 6-30
Formula 6-31
Formula 6-32
. (Z31)e
| "
/ N
) Formula 6-33
*Y N:/'\Zm)ez
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N\)
Formula 6-34
* Né/(ZSI)eS
| A
\[ j
N
Formula 6-35
" N:/(ZSI)d
B
\(/ N
Formula 6-36
" Z31)e3
X /¢ N
J
N
Formula 6-37

Z31)as

A
A

In Formulae 6-1 to 6-37,

Y;,, Y5, and Y., may each independently be O, S,
C(Z35)(Zs6), N(Zs7). or Si(Z35)(Zs0),

Y35, Y3, Y36, and Y5 may each independently be C(Z55)
or N,

75, to 75, may each independently be selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-bifluorenyl group, a spiro-benzo-
fluorene-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentacenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
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a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, an isoquino-
linyl group, a phthalazinyl group, a naphthyridinyl group, a
quinoxaliny] group, a benzoquinoxalinyl group, a quinazoli-
nyl group, a benzoquinazolinyl group, a cinnolinyl group, a
phenanthridiny] group, an acridinyl group, a phenanthrolinyl
group, a phenazinyl group, a benzimidazolyl group, a ben-
zofuranyl group, a benzothiophenyl group, a benzosilolyl
group, a benzothiazolyl group, an isobenzothiazolyl group,
a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a dibenzosilolyl group, a benzocarba-
zolyl group, a naphthobenzofuranyl group, a naphthoben-
zothiophenyl group, a naphthobenzosilolyl group, a
dibenzocarbazolyl group, a dinaphthofuranyl group, a
dinaphthothiophenyl group, a dinaphthosilolyl group, a thia-
diazolyl group, an imidazopyridinyl group, an imidazopy-
rimidinyl group, an oxazolopyridinyl group, a thiazolo-
pyridinyl group, a benzonaphthyridinyl group, an
azafluorenyl group, an azaspiro-bifluorenyl group, an azac-
arbazolyl group, an azadibenzofuranyl group, an azadiben-
zothiophenyl group, an azadibenzosilolyl group, an inden-
opyrrolyl — group, an indolopyrrolyl  group, an
indenocarbazolyl group, an indolocarbazolyl group, a ben-
zoacridinyl group, a benzophenanthrenyl group, a dibenzo-
phenanthrenyl group, a benzophenanthridinyl group, a
dibenzophenanthridinyl group, an indenophenanthrenyl
group, an indolophenanthrenyl group, a benzofurano-
phenanthrenyl group, a benzothiophenanthrenyl group, a
benzosilolephenanthreny! group, an indenophenanthridinyl
group, an indolophenanthridinyl group, a benzofurano-
phenanthridinyl group, a benzothiophenanthridinyl group, a
benzosilolephenanthridinyl group, a dinaphthopyrrolyl
group, a benzoanthracenyl group, and —Si(Q;,)(Q;,)(Qs5).

€2 may be an integer selected from 0 to 2,

€3 may be an integer selected from 0 to 3,

e4 may be an integer selected from 0 to 4,

€5 may be an integer selected from 0 to 5,

e6 may be an integer selected from 0 to 6, and

* indicates a binding site to a neighboring atom.

In an implementation, Ar in Formula 3 may a group
represented by one of Formulae 6-1 to 6-6, 6-13 to 6-29,
6-31, 6-32, and 6-37.

In an implementation, Ar in Formula 3 may be a group
represented by one of the following Formulae 7-1 to 7-25:

Formula 7-1

Formula 7-2
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Formula 7-25

* in Formulae 7-1 to 7-25 indicates a binding site to a
neighboring atom.

In an implementation, m in Formula 3 may be an integer
selected from 1 to 7. In an implementation, m in Formula 3
may be 1, 2, or 3. When m is 2 to 7, two or more of Ar may
be identical to or different from each other.

In an implementation, m in Formula 3 may be 1 or 2.

In an implementation, A, in Formula 1 may be a group
represented by one of the following Formulae 2A to 2F:

Formula 2A

Formula 2B

Formula 2C
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-continued

Formula 2D

Formula 2E

Formula 2F

Ry

In Formulae 2A to 2F, X, and X, may each independently
be, e.g., O or S. R, to R,;, may each independently be
selected from or include, e.g., a binding site to A, in Formula
1, hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or unsub-
stituted C,-Cq,, alkyl group, a substituted or unsubstituted
C,-Cy, alkenyl group, a substituted or unsubstituted C,-Cy,
alkynyl group, a substituted or unsubstituted C,-Cy, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C;,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
CeCyo aryl group, a substituted or unsubstituted C,-C,
aryloxy group, a substituted or unsubstituted C4-C, arylthio
group, a substituted or unsubstituted C,-Cg, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, a substituted or unsub-
stituted monovalent non-aromatic condensed heteropolycy-
clic group, —Si(Q,)(Q:XQy). and —S(=0),(Q,).

In an implementation, in Formulae 2A to 2F, X, and X,
may be O, and R may be a binding site to A,.

In an implementation, both X, and X, in Formulae 2A to
2F may be O. In an implementation, X, and X, in Formulae
2A to 2F may be different from each other.
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In an implementation, the heterocyclic compound repre- _continued
sented by Formula 1 may be one of the following Com-
pounds 1 to 72 and 74 to 138.
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The heterocyclic compound represented by Formula 1
may include a core structure or moiety represented by
Formula 1a, below, and a glass transition temperature (Tg)
or a melting point thereof may be high. Accordingly, the
heterocyclic compound represented by Formula 1 may have
excellent heat resistance, stability to charges, and charge
transport capability. An electronic device including the het-
erocyclic compound represented by Formula 1, e.g., an
organic light-emitting device, may have high efficiency, a
low driving voltage, high luminance, and a long lifespan.

<Formula la>

Also, the core structure may include a dibenzofuran
moiety or a dibenzothiophene moiety (as F,) in a structure,
wherein the dibenzofuran moiety and the dibenzothiophene
moiety includes an oxygen atom or a sulfur atom as an atom
having high electronegativity, and intermolecular attraction
becomes strong, thereby improving heat resistance. An
intermolecular distance may be shortened, and molecular
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packing may be increased. As a result, it may be expected to
improve a charge hopping rate due to an improved transfer
integral. Therefore, heat resistance, stability to charges, and
charge transport capability of the heterocyclic compound
represented by Formula 1 may be further improved.

Synthesis methods of the heterocyclic compound repre-
sented by Formula 1 may include suitable synthetic meth-
ods.

At least one of the heterocyclic compounds represented
by Formula 1 may be used or included between a pair of
electrodes of an organic light-emitting device. For example,
the heterocyclic compound may be included in at least one
of a hole transport region and/or an emission layer.

Thus, another aspect provides an organic light-emitting
device that includes: a first electrode; a second electrode
facing the first electrode; and an organic layer that is
disposed between the first electrode and the second electrode
and includes an emission layer. The organic laver may
include at least one heterocyclic compound represented by
Formula 1.

The expression that “(an organic layer) includes at least
one heterocyclic compound” used herein may include a case
in which “(an organic layer) includes an identical heterocy-
clic compound represented by Formula 1 and a case in which
(an organic layer) includes two or more different heterocy-
clic compounds represented by Formula 17,

For example, the organic layer may include only Com-
pound 1 as the heterocyclic compound. In this regard,
Compound 1 may be only in the electron transport layer of
the organic light-emitting device. In an implementation, the
organic layer may include Compound 1 and Compound 2 as
the heterocyclic compound. In this regard, Compound 1 and
Compound 2 may be in an identical layer (e.g., Compound
1 and Compound 2 both may be in an electron transport
layer), or may be in different layers (e.g., Compound 1 may
be in an electron transport layer, and Compound 2 may be
in an electron injection layer).

In an implementation, the first electrode of the organic
light-emitting device may be an anode.

In an implementation, the second electrode of the organic
light-emitting device may be a cathode.

In an implementation, the organic layer may include 1) a
hole transport region between the first electrode and the
emission layer, the hole transport region including at least
one selected from a hole injection layer, a hole transport
layer, a buffer layer, and an electron blocking layer, and i1)
an electron transport region between the emission layer and
the second electrode, the electron transport region including
at least one selected from a hole blocking layer, an electron
transport layer, and an electron injection layer. For example,
the electron transport region may include a single layer or
layers.

In an implementation, at least one of the electron transport
region and the emission layer may include at least one of the
heterocyclic compounds. For example, the electron transport
region of the organic light-emitting device may include an
electron transport layer or an electron injection layer, and the
electron transport layer or the electron injection layer may
include at least one of the heterocyclic compounds. In an
implementation, the emission layer of the organic light-
emitting device may include a pyrene-based compound, an
arylamine-based compound, or a styryl-based compound.
The heterocyclic compound included in the emission layer
may act as a host, and in this case, the emission layer may
further include a dopant. The dopant may be a phosphorous
dopant or a fluorescent dopant.
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The term “organic layer” used herein refers to a single
layer and/or a plurality of layers disposed between the first
electrode and the second electrode of the organic light-
emitting device. A material included in the “organic layer”
is not limited to an organic material.

FIG. 1 illustrates a schematic view of an organic light-
emitting device 10 according to an embodiment. The organic
light-emitting device 10 may include a first electrode 110, an
organic layer 150, and a second electrode 190.

Hereinafter, the structure of the organic light-emitting
device 10 according to an embodiment and a method of
manufacturing the organic light-emitting device 10 will be
described in connection with FIG. 1.

In an implementation, a substrate may be additionally
disposed under the first electrode 110 or above the second
electrode 190. The substrate may be a glass substrate or a
plastic substrate, each having excellent mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling, and water-resistance.

The first electrode 110 may be formed by depositing or
sputtering a material for forming the first electrode 110 on
the substrate. When the first electrode 110 is an anode, the
material for a first electrode may be selected from materials
with a high work function to facilitate hole injection.

The first electrode 110 may be a reflective electrode, a
semi-transmissive electrode, or a transmissive electrode.
When the first electrode 110 is a transmissible electrode, a
material for forming a first electrode may be selected from
indium tin oxide (ITO), indium zine oxide (IZO), tin oxide
(Sn0,), zinc oxide (Zn0), and any combinations thereof. In
an implementation, when the first electrode 110 is a semi-
transmissible electrode or a reflective electrode, a material
for forming a first electrode may be selected from magne-
sium (Mg), silver (Ag), aluminum (Al), aluminum-lithium
(Al—Li), calcium (Ca), magnesium-indium (Mg—In), mag-
nesium-silver (Mg—Ag), and any combinations thereof.

The first electrode 110 may have a single-layered struc-
ture, or a multi-layered structure including two or more
layers. In an implementation, the first electrode 110 may
have a three-layered structure of ITO/Ag/ITO.

The organic layer 150 is disposed on the first electrode
110. The organic layer 150 may include an emission layer.

The organic layer 150 may further include a hole transport
region between the first electrode 110 and the emission layer,
and an electron transport region between the emission layer
and the second electrode 190.

The hole transport region may have i) a single-layered
structure including a single layer including a single material,
i) a single-layered structure including a single layer includ-
ing a plurality of different materials, or iii) a multi-layered
structure having a plurality of layers including a plurality of
different materials.

The hole transport region may include at least one layer
selected from a hole injection layer (HIL), a hole transport
layer (HTL), an emission auxiliary layer, and an electron
blocking layer (EBL).

For example, the hole transport region may have a single-
layered structure including a single layer including a plu-
rality of different materials, or a multi-layered structure
having a structure of hole injection layet/hole transport
layer, hole injection layer/hole transport layer/emission aux-
iliary layer, hole injection layer/emission auxiliary layer,
hole transport layer/emission auxiliary layer or hole injec-
tion layerrhole transport layer/electron blocking layer,
wherein for each structure, constituting layers are sequen-
tially stacked from the first electrode 110 in this stated order.
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The hole transport region may include at least one
selected from m-MTDATA, TDATA, 2-TNATA, NPB
(NPD), B-NPB, TPD, Spiro-TPD, Spiro-NPB, methylated-
NPB, TAPC, HMTPD, 4.4'4"-tris(N-carbazolyl)triph-
enylamine (TCTA), polyaniline/dodecylbenzenesulfonic
acid (Pani/DBSA), poly(3.4-ethylenedioxythiophene)/poly
(4-styrenesulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonic acid (Pani/CSA), polyaniline/poly(4-styrenesul-
fonate) (Pani/PSS), a compound represented by Formula
201, and a compound represented by Formula 202:
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-continued
<Formmula 201>
(Lap2)xa2=Ra02

/
Ryor—(Laot)rar— N\

(Laoz)kaz—Ra03
<Formula 202>

Roor—(L201)xal (L203)sa3— Rao3

N—(Laos)as—N,

Ropz=—(L202)xa2 (L204)sa4 = Rao4-

In Formulae 201 and 202,

Lo, to Lyo, may each independently be selected from a
substituted or unsubstituted C,-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C,, cycloalk-
enylene group, a substituted or unsubstituted C,-C |, hetero-
cycloalkenylene group, a substituted or unsubstituted
Cs-Cg arylene group, a substituted or unsubstituted C,-Cg,
heteroarylene group, a substituted or unsubstituted divalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted divalent non-aromatic condensed heteropo-
lycyclic group,

L,os may be selected from *—O—*, *—S—* * N
(Qa01)-*, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C,-C,, alkenylene
group, a substituted or unsubstituted C,-C,, cycloalkylene
group, a substituted or unsubstituted C;-C;, heterocy-
cloalkylene group, a substituted or unsubstituted C;-C,,
cycloalkenylene group, a substituted or unsubstituted
C,-C,, heterocycloalkenylene group, a substituted or unsub-
stituted C4-Cy,, arylene group, a substituted or unsubstituted
C,-Cg, heteroarylene group, a substituted or unsubstituted
divalent non-aromatic condensed polycyclic group, and a
substituted or unsubstituted divalent non-aromatic con-
densed heteropolycyclic group,

xal to xa4 may each independently be an integer selected
from 0 to 3,

xa5 may be an integer selected from 1 to 10, and

R,q; to Ry, and Q,; may each independently be selected
from a substituted or unsubstituted C,-C, , cycloalkyl group,
a substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C5-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C, ; heterocycloalk-
enyl group, a substituted or unsubstituted C-Cg, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a sub-
stituted or unsubstituted C4-Cy, arylthio group, a substituted
or unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group.

For example, in Formula 202, R, and R,,, may option-
ally be linked via a single bond, a dimethyl-methylene
group, or a diphenyl-methylene group, and R,g; and R,y
may optionally be linked via a single bond, a dimethyl-
methylene group, or a diphenyl-methylene group.

In one or more embodiments, in Formulae 201 and 202,

Lo, to Lyos may each independently be selected from:

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a hep-
talenylene group, an indacenylene group, an acenaphthylene
group, a fluorenylene group, a spiro-bifluorenylene group, a
benzofluorenylene group, a dibenzofluorenylene group, a
phenalenylene group, a phenanthrenylene group, an anthra-
cenylene group, a fluoranthenylene group, a triphenyle-
nylene group, a pyrenylene group, a chrysenylene group, a
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naphthacenylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group, a
pentacenylene group, a rubicenylene group, a coronenylene
group, an ovalenylene group, a thiophenylene group, a
furanylene group, a carbazolylene group, an indolylene
group, an isoindolylene group, a benzofuranylene group, a
benzothiophenylene group, a dibenzofuranylene group, a
dibenzothiophenylene group, a benzocarbazolylene group, a
dibenzocarbazolylene group, a dibenzosilolylene group, and
a pyridinylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a hep-
talenylene group, an indacenylene group, an acenaphthylene
group, a fluorenylene group, a spiro-bifluorenylene group, a
benzofluorenylene group, a dibenzofluorenylene group, a
phenalenylene group, a phenanthrenylene group, an anthra-
cenylene group, a fluoranthenylene group, a triphenyle-
nylene group, a pyrenylene group, a chrysenylene group, a
naphthacenylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group, a
pentacenylene group, a rubicenylene group, a coronenylene
group, an ovalenylene group, a thiophenylene group, a
furanylene group, a carbazolylene group, an indolylene
group, an isoindolylene group, a benzofuranylene group, a
benzothiophenylene group, a dibenzofuranylene group, a
dibenzothiophenylene group, a benzocarbazolylene group, a
dibenzocarbazolylene group, a dibenzosilolylene group, and
a pyridinylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a phenyl group, a biphenyl group, a terphe-
nyl group, a phenyl group substituted with a C,-C,, alkyl
group, a phenyl group substituted with —F, a pentalenyl
group, an indenyl group, a naphthyl group, an azulenyl
group, a heptalenyl group, an indaceny! group, an acenaph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl 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
pentacenyl group, a rubicenyl group, a coronenyl group, an
ovalenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl

group, a pyridinyl group, —Si(Q3,)(Q35)(Qs3), and
—N(Q;)Qs2),

wherein Q, to Q5 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, and a naphthyl
group.

In one or more embodiments, xal to xa4 may each
independently be 0, 1, or 2.

In one or more embodiments, xa5 may be 1, 2, 3, or 4.

In one or more embodiments, R, to R,g, and Q,,, may
each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl 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-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
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group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group. a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, and a pyridinyl group; and

a phenyl group, a biphenyl group, a terphenyl 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-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group. a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, and a pyridinyl group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclo-
pentenyl group, a cyclohexenyl group, a phenyl group, a
biphenyl group, a terphenyl group, a phenyl group substi-
tuted with a C,-C, , alkyl group, a phenyl group substituted
with —F, 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-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl 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 pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a thiophenyl
group, a furanyl group, a carbazolyl group, an indolyl group,
an isoindolyl group, a benzofuranyl group, a benzothiophe-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzosilolyl group, a pyridinyl group, —Si(Q;,)(Q5,)
(Qa3), and —N(Q5,)(Qs);

wherein Q5 to Q,5 are the same as described above.

In one or more embodiments, at least one selected from
R, t0 Ryp; in Formula 201 may each independently be
selected from:

a fluorenyl group, a spiro-bifluorenyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group; and

a fluorenyl group, a spiro-bifluorenyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alky! group, a C,-C,, alkoxy
group, a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
phenyl group substituted with a C, -C,, alkyl group, a phenyl
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group substituted with —F, a naphthyl group, a fluorenyl
group, a spiro-bifluorenyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group.

In one or more enmbodiments, in Formula 202, 1) R,,; and
R,q, may be linked via a single bond, and/or ii) R,,; and
R,04 may be linked via a single bond.

In one or more embodiments, at least one selected from
R,4; t0 Ry, in Formula 202 may be selected from:

a carbazolyl group; and

a carbazolyl group substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclopentenyl group, a cyclohexenyl
group, a phenyl group, a biphenyl group, a terphenyl group,
a phenyl group substituted with a C,-C,, alkyl group, a
phenyl group substituted with —F, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group.

The compound represented by Formula 201 may be
represented by Formula 201A:

<Formula 201 A>

Raiz

Rais
=

|
Loz =

Rae.
/ \(’16

—

- Loon)xar—N,

(Laoz)ka3—Raoz

In one or more embodiments, the compound represented
by Formula 201 may be represented by Formula 201A(1):

<Formula 201A(1)>

(Lzos 3—Rag3

In one or more embodiments, the compound represented
by Formula 201 may be represented by Formula 201A-1:
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<Formula 201A-1>

L203}a3—Ras

In one or more embodiments, the compound represented
by Formula 202 may be represented by Formula 202A:

<Formula 202A>

Rzlz

/ \
LI & @D
R’0 5 R204

In one or more embodiments, the compound represented
by Formula 202 may be represented by Formula 202A-1:

<Formula 202A-1>

R212

_Rns
/

ms R204

Rzu

R215
x

Rﬁoz

In Formulae 201A, 201 A(1), 201A-1, 202A, and 202A-1,

Lyop to Lagss Xal to xa3, xa5, and R,,, to R,,, are the
same as described above,

R,,; and R,,, are the same as described in connection
with Ry,

R, 5 0 R,;;, may each independently be selected from
hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a phenyl group, a biphenyl group, a terphe-
nyl group, a phenyl group substituted with a C,-C,,, alkyl
group, a phenyl group substituted with —F, a pentalenyl
group, an indenyl group, a naphthyl group, an azulenyl
group, a heptalenyl group, an indacenyl group, an acenaph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
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a chrysenyl group, a naphthacenyl group, a picenyl group, a furanyl group, a dibenzothiophenyl group, a benzocarba-
perylenyl group, a pentaphenyl group, a hexacenyl group, a
pentacenyl group, a rubicenyl group, a coronenyl group, an
ovalenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a 5  The hole transport region may include at least one com-
benzofuranyl group, a benzothiophenyl group, a dibenzo- pound selected from Compounds HT1 to HT39:

zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl

group, and a pyridinyl group.
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A thickness of the hole transport region may be in a range
of about 100 A to about 10,000 A, e.g., about 100 A to about
1,000 A. When the hole transport region includes at least one
of a hole injection layer and a hole transport layer, a
thickness of the hole injection layer may be in a range of
about 100 A to about 9,000 A, e.g., about 100 A to about
1,000 A, and a thickness of the hole transport layer may be
in a range of about 50 A to about 2,000 X e.g., about 100
A to about 1,500 A. When the thicknesses of the hole
transport region, the hole injection layer and the hole trans-
port layer are within these ranges, satisfactory hole trans-
porting characteristics may be obtained without a substantial
increase in driving voltage.

The emission auxiliary layer may increase light-emission
efficiency by compensating for an optical resonance distance
according to the wavelength of light emitted by an emission
layer, and the electron blocking layer may block the flow of
electrons from an electron transport region. The emission
auxiliary layer and the electron blocking layer may include
the materials as described above.

The hole transport region may further include, in addition
to these materials, a charge-generation material for improv-

9y
‘Q 0

50

60

65

{4 )

ing conductive properties. The charge-generation material
may be homogeneously or non-homogeneously dispersed in
the hole transport region.

The charge-generation material may be, for example, a
p-dopant.

In one or more embodiments, a lowest unoccupied
molecular orbital (LUMO) level of the p-dopant may be
-3.5 eV or less.

The p-dopant may include at least one selected from a
quinone derivative, a metal oxide, and a cyano group-
containing compound.

For example, the p-dopant may include at least one
selected from:

a quinone derivative, such as tetracyanoquinodimethane
(TCNQ) or 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodi-
methane (F4-TCNQ);

a metal oxide, such as a tungsten oxide or a molybdenum
oxide;

1,4.5,8,9,11-hexaazatriphenylene-hexacarbonitrile (HAT-
CN); and
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a compound represented by Formula 221 below:
CN
CNWH\N
N
CN)\/

CN CN
CN CN
F T

<F4-TCNQ>

<Formula 221>
CN

Rpog
CNw/L\( Ra.

R223 CN

In Formula 221,

R,,; to R,,; may each independently be selected from a
substituted or unsubstituted C;-C, , cycloalkyl group, a sub-
stituted 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 unsubstituted C4-Cg, aryl group, a
substituted or unsubstituted C,-Cy, heteroaryl group, a sub-
stituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, wherein at least one selected from R,,; 10 R,,5 has at
least one substituent selected from a cyano group, —F, —Cl,
—Br, —1, a C,-C,, alkyl group substituted with —F, a
C,-C,, alkyl group substituted with —Cl, a C,-C,, alkyl
group substituted with —Br, and a C,-C,, alkyl group
substituted with —I.

When the organic light-emitting device 10 is a full-color
organic light-emitting device, the emission layer may be
patterned into a red emission layer, a green emission layer,
or a blue emission layer, according to a sub-pixel. In an
implementation, the emission layer may have a stacked
structure of two or more layers selected from a red emission
layer, a green emission layer, and a blue emission layer, in
which the two or more layers contact each other or are
separated from each other. In an implementation, the emis-
sion layer may include two or more materials selected from
a red-light emission material, a green-light emission mate-
rial, and a blue-light emission material, in which the two or
more materials are mixed with each other in a single layer
to emit white light.

The emission layer may include a host and a dopant. The
dopant may include at least one selected from a phospho-
rescent dopant and a fluorescent dopant.
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An amount of the dopant in the emission layer may be, in
general, in a range of about 0.01 to about 15 parts by weight
based on 100 parts by weight of the host.

A thickness of the emission layer may be in a range of
about 100 A to about 1,000 A, e.g., about 200 A to about 600
A. When the thickness of the emission layer is within this
range, excellent light-emission characteristics may be
obtained without a substantial increase in driving voltage.

In an implementation, the host may further include, the
heterocyclic compound represented by Formula 1, a com-
pound represented by Formula 301 below:

[Ar301)cp11-[(Laos)s1-Raor Jesat- <Formula 301>

In Formula 301,

Ar,,, may be a substituted or unsubstituted C5-Cy,, car-
bocyclic group or a substituted or unsubstituted C,-Cg,
heterocyclic group,

xb11l may be 1, 2, or 3,

L5, may be selected from a substituted or unsubstituted
C;-C,, cycloalkylene group, a substituted or unsubstituted
C,-C,, heterocycloalkylene group, a substituted or unsub-
stituted C,-C,, cycloalkenylene group, a substituted or
unsubstituted C,-C, , heterocycloalkenylene group, a substi-
tuted or unsubstituted C4-Cg, arylene group, a substituted or
unsubstituted C,-C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group,

xb1 may be an integer selected from 0 to 5,

R,,; may be selected from deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-Cg, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg,, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C5-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cgy aryl group, a substituted or unsubsti-
tuted C,-Cy, aryloxy group, a substituted or unsubstituted
Cs-Cg arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, —Si(Q30,)(Q302)(Qs03): —N(Q;0,)
(Qs02), —B(Q301)(Q300), —C(=0)(Qs01), —S(=0),
(Qs01): and —P(=0)(Q101)(Q302):

xb21 may be an integer selected from 1 to 5,

Q50 10 Q505 may each independently be selected from a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, and a naphthyl group.

In an implementation, Ar,,, in Formula 301 may be
selected from:

a naphthalene group, a fluorene group, a spiro-bifluorene
group, a benzofluorene group, a dibenzofluorene group, a
phenalene group, a phenanthrene group, an anthracene
group, a fluoranthene group, a triphenylene group, a pyrene
group, a chrysene group, naphthacene group, a picene group,
a perylene group, a pentaphene group, an indenoanthracene
group, a dibenzofuran group, and a dibenzothiophene group;
and

a naphthalene group, a fluorene group, a spiro-bifluorene
group, a benzofluorene group, a dibenzofluorene group, a
phenalene group, a phenanthrene group, an anthracene
group, a fluoranthene group, a triphenylene group, a pyrene
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group, a chrysene group, naphthacene group, a picene group,
a perylene group, a pentaphene group, an indenoanthracene
group, a dibenzofuran group, and a dibenzothiophene group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thy] group, *Si(Q31)(Q32)(Q33)5 7N(Q31)(Q32)’ 7B(Q31)
583235 —C(=0)(Q51), —S(=0),(Q;,), and —P(=0)(Q;,)
32/s

wherein Qj, to Q5 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, and a naphthyl
group.

In Formula 301, when xb11 is two or more, two or more
Ars,,(s) may be linked via a single bond.

In one or more embodiments, the compound represented
by Formula 301 may be represented by Formula 301-1 or
301-2:

(Laonxe—Rs01
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N h
N 7
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Rsn

(Lo 1—Ra01

N,

I' \ 1
R3p3— (Lsos)vbs‘]_-' Az N ’
xb23 S

S . ~ A

v
3
Azpp—R32
;

’

Rips

¢ Az
\

Ny ! ’
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X301

wherein, in Formulae 301-1 to 301-2,

Ay, 10 Ay, may each independently be selected from a
benzene, a naphthalene, a phenanthrene, a fluoranthene, a
triphenylene, a pyrene, a chrysene, a pyridine, a pyrimidine,
an indene, a fluorene, a spiro-bifluorene, a benzofluorene, a
dibenzofluorene, an indole, a carbazole, benzocarbazole, a
dibenzocarbazole, a furan, a benzofuran, a dibenzofuran, a
naphthofuran, a benzonaphthofuran, a dinaphthofuran, a
thiophene, a benzothiophene, a dibenzothiophene, a naph-
thothiophene, benzonaphthothiophene, and a dinaphthoth-
iophene,

X301 may be O, S, or N-[(L304).54-R304];

R;,; to Ry, may each independently be selected from
hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group —Si(Q5,)(Q52)(Qs5);
*N(Q31)(Q32)s *B(Q31)(Q32)s —C(:O)(Q31), —S(=0)

2(Qsy); and —P(—0)(Q;,)(Qs),
xb22 and xb23 may each independently be 0, 1, or 2,

Lo, Xb1, Ry, and Qg to Q55 are the same as described
above,

L0, to L, are each independently the same as described
in connection with L,

45

50

55

60

65

92

xb2 to xb4 are each independently the same as described
in connection with xbl, and

R;, to Ry, are each independently the same as described
in connection with Ry, .

For example, L,,, to L, in Formulae 301, 301-1, and
301-2 may each independently be selected from:

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,

<Formula 301-1>

<Formula 301-2>

R

N
\

Az4 “‘[‘. (L3022 Rs02
; xb22,

an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a ¢inno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
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zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a cinno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinno-
linyl group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, an azacarbazolyl group, —Si(Q5,)(Q5,)(Qs5),
—N(Q;1)(Q52), —B(Q31)(Q32), —C(=0)(Qs1); —S(=0)
2(Qs1), and —P(=0)(Q;,)(Qs.).

wherein Qj,; to Qs; are the same as described above.

In one or more embodiments, R, to R,,, in Formulae
301, 301-1, and 301-2 may each independently be selected
from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, a pyridinyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group. a thiadiazolyl group, an oxadi-
azolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, an
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isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group. a benzimidazolyl group, an isobenzothi-
azolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, and an
azacarbazolyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, a pyridinyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a thiadiazolyl group, an oxadi-
azolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group. a benzimidazolyl group, an isobenzothi-
azolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, and an
azacarbazolyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,;-C,, alkoxy group, a pheny! group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinno-
linyl group, a phenanthridinyl group, an acridinyl group, a
phenanthroliny]l group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, an azacarbazolyl group, —Si(Q;,)(Q5,)(Qs5),
—N(Q5)(Q52), —B(Q31)(Qs2), —C(=0)(Qs1), —S(=0)
2(Qs1), and —P(=0)(Q;1)(Q;2),

wherein Q;, to Q,5 are the same as described above.
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In an implementation, the host may include an alkaline-
earth metal complex. For example, the host may be selected
from a Be complex (for example, Compound HS5), an Mg
complex, and a Zn complex.

The host may include, in addition to the heterocyclic
compound represented by Formula 1 at least one selected
from 9,10-di(2-naphthyl)anthracene (ADN), 2-methyl-9,10-
bis(naphthalene-2-yl)anthracene (MADN), 9,10-di-(2-naph-
thyl)-2-t-butyl-anthracene  (TBADN),  4,4'-bis(N-carba-
zolyl)-1,1"-biphenyl (CBP), 1,3-di-9-carbazolylbenzene
(mCP), 1,3,5-tri(carbazol-9-yl)benzene (TCP), and Com-
pounds H1 to H55:
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The phosphorescent dopant may include an organometal-
lic complex represented by Formula 401:

<Formula 401>
M(Lgoxe1Laoa)ee2
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-continued
<Formula 402>

wmee. Raonzenn

.

- Rag2)ze12-

In Formulae 401 and 402,

M may be selected from iridium (Ir), platinum (Pt),
palladium (Pd), osmium (Os), titanium (T1), zirconium (Zr),
hafnium (Hf), europium (Eu), terbium (Tb). rhodium (Rh),
and thulium (Tm),

L., may be selected from ligands represented by For-
mula 402, and xcl may be 1, 2, or 3, wherein, when xcl is
two or more, two or more [,,,(s) may be identical to or
different from each other,

L., may be an organic ligand, and xc2 may be an integer
selected from O to 4, wherein, when xc2 is two or more, two
or more L,,(s) may be identical to or different from each
other,

X401 to X404 may each independently be nitrogen or
carbon,

X0, and X 4, may be linked via a single bond or a double
bond, and X,,, and X,,, may be linked via a single bond or
a double bond,

Ao, and A, may each independently be a C;-C ., cyclic
group or a C,-Cg, heterocyclic group,

X405 may be a single bond, *—0O—*' *—S—* *_(C
(:O)i*z *7N(Q411)7*'7 *4C(Q4ll)(Q412)7*'7 *4(:

(Qur)=CQuyo)—", *—C(Quay)—", 0or *—=C(Qyy)—",
wherein Q,;, and Q,,, may be hydrogen, deuterium, a

C,-Cy alkyl group, a C,-C,, alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, or a naphthyl group,

X406 may be a single bond, O, or S,

R,y and Ry, may each independently be selected from
hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or unsub-
stituted C,-C,,, alkyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted 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 C,-Cg, aryl group, a substituted or unsubstituted
Cs-Cg aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C;-C, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group and a substituted
or unsubstituted monovalent non-aromatic condensed het-

eropolycyclic  group —Si(Qa0,(Qu02)(Qa03) —N(Qu01)
(Q402)s *B(Q401)(Q402)s *C(:O)(tam)s ‘S(:O)z

(Quo1), and —P(=0)(Q40,)(Qu02); Wherein Qup; 10 Qo3
may each independently be selected from a C,-C,, alkyl

group, a C,-C,, alkoxy group, a C4-C,, aryl group, and a
C,-C, heteroaryl group,

xcll and xc12 may each independently be an integer
selected from 0 to 10, and
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* and *' in Formula 402 each indicate a binding site to M
in Formula 401.

In one or more embodiments, A,,, and A,,, in Formula
402 may each independently be selected from a benzene
group, a naphthalene group, a fluorene group, a spiro-
bifluorene group, an indene group, a pyrrole group, a thio-
phene group, a furan group, an imidazole group, a pyrazole
group, a thiazole group, an isothiazole group, an oxazole
group, an isoxazole group, a pyridine group, a pyrazine
group, a pyrimidine group, a pyridazine group, a quinoline
group, an isoquinoline group, a benzoquinoline group, a
quinoxaline group, a quinazoline group, a carbazole group,
a benzimidazole group, a benzofuran group, a benzothio-
phene group. an isobenzothiophene group, a benzoxazole
group, an isobenzoxazole group, a triazole group, a tetrazole
group, an oxadiazole group, a triazine group, a dibenzofuran
group, and a dibenzothiophene group.

In one or more embodiments, in Formula 402, 1) X,,,, may
be nitrogen and X,,, may be carbon, or ii) X,,; and X,
may each be nitrogen at the same time.

In one or more embodiments, R,,, and R,,, in Formula
402 may each independently be selected from:

hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
and a C,-C,, alkoxy group;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a phenyl group, a naphthyl group, a cyclopentyl
group, a cyclohexyl group, an adamantanyl group, a nor-
bornanyl group, and a norbornenyl group;

a cyclopentyl group, a cyclohexyl group, an adamantanyl
group, a norbornanyl group, a norbornenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group;

a cyclopentyl group, a cyclohexyl group, an adamantanyl
group, a norbornanyl group, a norbornenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, an adamantanyl
group, a norbornanyl group, a norbornenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group; and

—S1(Quo1(Qu02)(Qa03)y  —N(Qu1)(Qapz); —B(Quo1)
(Quo)y —C=0)Qu01)y —SE0),(Qyy), and —P(=0)
(Qa01)(Qa02);

wherein Q,, to Q,; may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, and a naphthyl group.
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In one or more embodiments, when xcl in Formula 401
is two or more, two A,,(s) in two or more L4, (s) may
optionally be linked via X, which is a linking group, or
W0 A,q,(8) in two or more L,,,(s) may optionally be linked
via X0, Which is a linking group (see Compounds PD1 to
PD4 and PD7). X,,, and X,,,; may each independently be a
single bond, *—O—*, *—S§—* *_(C(=0)—*, *—N
(Qapa)—*, *C(Qqa)Quua)—", or *—C(Qq3)=C
(Qu4)—*" (wherein Q,,; and Q,,, may each independently
be hydrogen, deuterium, a C,-C,, alkyl group. a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, or a naphthyl group).

L,q, in Formula 401 may be a monovalent, divalent, or
trivalent organic ligand. For example, L,,, may be selected
from a halogen, diketone (for example, acetylacetonate), a
carboxylic acid (for example, picolinate), —C(=—0), an
isonitrile, —CN, and phosphorus (for example, phosphine or
phosphite).

In one or more embodiments, the phosphorescent dopant

may be selected from, for example, Compounds PD1 to
pPD25:

PD1

PD2

PD3
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)~

The fluorescent dopant may include an arylamine com-
pound or a styrylamine compound.

The fluorescent dopant may include a compound repre-
sented by Formula 501:

<Formula 501>
(Lson)xa1—Rs01

Arsor= (Lsos)ras—N

(Lsoz)sr—Rs02
xd4

In Formula 501,

Ar,,, may be a substituted or unsubstituted C5-C, cat-
bocyclic group or a substituted or unsubstituted C,-Cg,
heterocyclic group,

L, to Lso; may each independently be selected from a
substituted or unsubstituted C;-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C,, cycloalk-
enylene group, a substituted or unsubstituted C, -C, , hetero-
cycloalkenylene group, a substituted or unsubstituted
Cs-Cgo arylene group, a substituted or unsubstituted C,-Cy,
heteroarylene group, a substituted or unsubstituted divalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted divalent non-aromatic condensed heteropo-
lycyclic group,

xd1 to xd3 may each independently be an integer selected
from 0 to 3,

R,p; and Ry, may each independently be selected from a
substituted or unsubstituted C;-C, , cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
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substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cg, aryl group, a
substituted or unsubstituted C4-C, aryloxy group, a substi-
tuted or unsubstituted Cq-Cq, arylthio group, a substituted or
unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, and

xd4 may be an integer selected from 1 to 6.

In one or more embodiments, Ars,, in Formula 501 may
be selected from:

a naphthalene group, a heptalene group, a fluorene group,
a spiro-bifluorene group, a benzofluorene group, a dibenzo-
fluorene group, a phenalene group, a phenanthrene group, an
anthracene group, a fluoranthene group, a triphenylene
group, a pyrene group, a chrysene group, a naphthacene
group, a picene group, a perylene group, a pentaphene
group, an indenoanthracene group, and an indenophenan-
threne group; and

a naphthalene group, a heptalene group, a fluorene group,
a spiro-bifluorene group, a benzofluorene group, a dibenzo-
fluorene group, a phenalene group, a phenanthrene group, an
anthracene group, a fluoranthene group, a triphenylene
group, a pyrene group, a chrysene group, a naphthacene
group, a picene group, a perylene group, a pentaphene
group, an indenoanthracene group, and an indenophenan-
threne group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group,
and a naphthyl group.

In one or more embodiments, L5, to L, in Formula 501
may each independently be selected from:

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, and a pyridinylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, and a pyridinylene group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
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threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a 3
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, and a pyridinyl group.

In one or more embodiments, Ry, and Ry, in Formula
502 may each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group, =~
a pentacenyl group, a thiophenyl group, a furanyl group, a |
carbazolyl group, an indolyl group, an isoindolyl group, a 20 N
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, and a pyridinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a

D1

10

15

D2

naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, N
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-

threnyl group, an anthracenyl group, a fluoranthenyl group, N

a triphenylenyl group, a pyrenyl group, a chrysenyl group, 30
a perylenyl group, a pentaphenyl group, a hexacenyl group,

a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo- 33
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, and a pyridinyl group, each substituted with at least N7

one selected from deuterrum, —F, —Cl, —Br, —I, a 40

hydroxyl group, a cyano group, a nitro group, an amidino X

group, a hydrazino group, a hydrazono group, a C,-C,, alkyl

group, a C,-C,, alkoxy group, a phenyl group, a biphenyl

group, a terphenyl group, a naphthyl group, a fluorenyl 45 kD3
group, a spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra- N
cenyl group, a fluoranthenyl group, a triphenylenyl group, a |
pyrenyl group, a chrysenyl group, a perylenyl group, a 30

pentaphenyl group, a hexacenyl group, a pentacenyl group,

N
a thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo- 55
thiophenyl group, a benzocarbazolyl group, a dibenzocar-

bazolyl group, a dibenzosilolyl group, a pyridinyl group, and
—Si(Q3)(Q:2)Qs3); N

wherein, in Formula 501, Q;, to Q55 may be selected from 60
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl

group, a biphenyl group, a terphenyl group, and a naphthyl N?
group. |
In one or more embodiments, xd4 in Formula 501 may be AN

3 65

For example, the fluorescent dopant may be selected from
Compounds FD1 to FD22:
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' In one or more embodiments, the fluorescent dopant may
be selected from the following compounds.

DPVBi

DPAVBI
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DCITB

C545T

The electron transport region may have i) a single-layered
structure including a single layer including a single material,
ii) a single-layered structure including a single layer includ-
ing a plurality of different materials, or iii) a multi-layered
structure having a plurality of layers including a plurality of
different materials.

The electron transport region may include at least one
selected from a buffer layer, a hole blocking layer, an
electron control layer, an electron transport layer, and an
electron injection layer.

For example, the electron transport region may have a
structure of electron transport layer/electron injection layer,
a structure of hole blocking layer/electron transport layet/
electron injection layer, a structure of electron control layer/
electron transport layer/electron injection layer, or a struc-
ture of buffer layer/electron transport layer/electron
injection layer, wherein for each structure, constituting lay-
ers are sequentially stacked from an emission layer.

The electron transport region (for example, a buffer layer,
a hole blocking layer, an electron control layer, or an
electron transport layer in the electron transport region) may
include a metal-free compound containing at least one
electron-depleted nitrogen-containing ring.

The “r electron-depleted nitrogen-containing ring” indi-
cates a C,-Cg, heterocyclic group having at least one
*—N—* moiety as a ring-forming moiety.
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DCM

Coumarin 6

For example, the “m electron-depleted nitrogen-contain-
ing ring” may be 1) a S-membered to 7-membered hetero
monocyclic group having at least one *—N—*" moiety, ii)
a heteropoly cyclic group in which two or more S-membered
to 7-membered hetero monocyclic groups each having at
least one *—N—*"moiety are condensed with each other, or
iii) a heteropoly cyclic group in which at least one of
S-membered to 7-membered hetero monocyclic groups,
each having at least one *—N—*" moiety, is condensed with
at least one C5-C, carbocyclic group.

Examples of the & electron-depleted nitrogen-containing
ring include an imidazole, a pyrazole, a thiazole, an isothi-
azole, an oxazole, an isoxazole, a pyridine, a pyrazine, a
pyrimidine, a pyridazine, an indazole, a purine, a quinoline,
an isoquinoline, a benzoquinoline, a phthalazine, a naphthy-
ridine, a quinoxaline, a quinazoline, a cinnoline, a phenan-
thridine, an acridine, a phenanthroline, a phenazine, a ben-
zimidazole, an isobenzothiazole, a benzoxazole, an
isobenzoxazole, a triazole, a tetrazole, an oxadiazole, a
triazine, thiadiazol, an imidazopyridine, an imidazopyrimi-
dine, and an azacarbazole.

In one or more embodiments, the electron transport region
may further include, in addition to the heterocyclic com-
pound represented by Formula 1, a compound represented
by Formula 601.

[Atgo1]xer1-[(Leo ke Reo1]se2t <Formula 601>
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In Formula 601,

Arg,, may be a substituted or unsubstituted C5-Cy, cat-
bocyclic group or a substituted or unsubstituted C,-Cq,
heterocyclic group,

xell may be 1, 2, or 3,

Lo, 1s selected from a substituted or unsubstituted C;-C
cycloalkylene group, a substituted or unsubstituted C,-C,,
heterocycloalkylene group, a substituted or unsubstituted
C,-C,, cycloalkenylene group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkenylene group, a substituted or
unsubstituted C4-Cy, arylene group, a substituted or unsub-
stituted C,-Cg,, heteroarylene group, a substituted or unsub-
stituted divalent non-aromatic condensed polycyclic group,
and a substituted or unsubstituted divalent non-aromatic
condensed heteropolycyclic group,

xel may be an integer selected from 0 to 5,

Ry, may be selected from a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C;5-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsubsti-
tuted C4-Cg,, aryloxy group, a substituted or unsubstituted
Cs-C arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic - group, —Si(Qgo1)(Qs02)(Qs03), —C(=0)

(Qsp1): —S(=0),(Qe01), and —P(—0)(Qe01)(Qe02):
Qg1 10 Qqo; may each independently be a C,-C,, alkyl

group, a C,-C,, alkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, or a naphthyl group, and

xe21 may be an integer selected from 1 to 5.

In one or more embodiments, at least one selected from
Argy,(s) in the number of xell and Ry, (s) in the number of
xe21 may include the « electron-depleted nitrogen-contain-
ing ring described above.

In one or more embodiments, ring Ar,,, in Formula 601
may be selected from:

a benzene group, a naphthalene group, a fluorene group,
a spiro-bifluorene group, a benzofluorene group, a dibenzo-
fluorene group, a phenalene group, a phenanthrene group, an
anthracene group, a fluoranthene group, a triphenylene
group, a pyrene group, a chrysene group, naphthacene
group, a picene group, a perylene group, a pentaphene
group, an indenoanthracene group, a dibenzofuran group, a
dibenzothiophene group, a carbazole group, an imidazole
group, a pyrazole group, a thiazole group, an isothiazole
group, an oxazole group, an isoxazole group, a pyridine
group, a pyrazine group, a pyrimidine group, a pyridazine
group, an indazole group, a purine group, a quinoline group,
an isoquinoline group, a benzoquinoline group, a phthala-
zine group, naphthyridine group, a quinoxaline group, a
quinazoline group, a cinnoline group, a phenanthridine
group, an acridine group, a phenanthroline group, a
phenazine group, a benzimidazole group, an iso-benzothi-
azole group, a benzoxazole group, an isobenzoxazole group,
a triazole group, a tetrazole group, an oxadiazole group, a
triazine group, thiadiazol group, an imidazopyridine group,
an imidazopyrimidine group, and an azacarbazole group;
and

a benzene group, a naphthalene group, a fluorene group,
a spiro-bifluorene group, a benzofluorene group, a dibenzo-
fluorene group, a phenalene group, a phenanthrene group, an
anthracene group, a fluoranthene group, a triphenylene
group, a pyrene group, a chrysene group, naphthacene
group, a picene group, a perylene group, a pentaphene
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group, an indenoanthracene group, a dibenzofuran group, a
dibenzothiophene group, a carbazole group, an imidazole
group, a pyrazole group, a thiazole group, an isothiazole
group, an oxazole group, an isoxazole group, a pyridine
group, a pyrazine group, a pyrimidine group, a pyridazine
group, an indazole group, a purine group, a quinoline group,
an isoquinoline group, a benzoquinoline group, a phthala-
zine group, naphthyridine group, a quinoxaline group, a
quinazoline group, a cinnoline group, a phenanthridine
group, an acridine group, phenanthroline group, a phenazine
group, a benzimidazole group, an iso-benzothiazole group,
a benzoxazole group, an isobenzoxazole group, a triazole
group, a tetrazole group, an oxadiazole group, a triazine
group, thiadiazol group, an imidazopyridine group. an imi-
dazopyrimidine group, and an azacarbazole group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, —S8i(Q5,)(Q2:)(Qa3), —S(=0),(Qs,), and
7P(:O)(Q31)(Q32)5

wherein, in Formula 601, Q;, to Q;; may each indepen-
dently be selected from a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, and a naphthyl group.

When xell in Formula 601 is two or more, two or more
Argp,(s) may be linked via a single bond.

In one or more embodiments, Ar,, in Formula 601 may
be an anthracene group.

In one or more embodiments, a compound represented by
Formula 601 may be represented by Formula 601-1:

<Formula 601-1>

(Lé1Dxes11— Re11
Xe14 \Xsls
Re13— (Le13)es 13 Xs16 (Le12)xes 12— Re12-

In Formula 601-1,

X124 may be N or C(Rg,4), X¢,5 may be N or C(Rg, 5),
X616 may be N or C(Ry,4), and at least one selected from
K14 10 X4, 6 may be N,

L, to Lg, 5 may each independently be substantially the
same as described in connection with L,

xe611 to xe613 may each independently be substantially
the same as described in connection with xel,

Rgy; to Ry, 5 may each independently be substantially the
same as described in connection with Rg,;, and

Rg,4 10 R, may each independently be selected from
hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, and a naphthyl group.

In one or more embodiments, Ly, and L, to Lg,5 in
Formulae 601 and 601-1 may each independently be
selected from:

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
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group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a cinno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenylene
group, a perylenylene group, a pentaphenylene group, a
hexacenylene group, a pentacenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a cinno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
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isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinno-
linyl group, a phenanthridiny! group, an acridinyl group, a
phenanthroliny]l group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group.

In one or more embodiments, xel and xe611 to xe613 in
Formulae 601 and 601-1 may each independently be 0, 1, or
2.

In one or more embodiments, Ry, and Ry, to R ; in
Formula 601 and 601-1 may each independently be selected
from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, a pyridinyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a thiadiazolyl group, an oxadi-
azolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group. a benzimidazolyl group, an isobenzothi-
azolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, and an
azacarbazolyl group;

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, a pyridinyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a thiadiazolyl group, an oxadi-
azolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzimidazolyl group, an isobenzothi-
azolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, and an
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azacarbazolyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a c¢inno-
linyl group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group; and

—S(=0),(Qs0) and —P(—=0)(Qg0,)(Qs02):

wherein Qg,, and Qg are the same as described above.

The electron transport region may include at least one
compound selected from Compounds ET1 to ET36:
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In one or more embodiments, the electron transport region
may include at least one selected from 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (BCP), 4,7-diphenyl-1,10-
phenanthroline (Bphen), Alq;, BAlq, 3-(biphenyl-4-y1)-5-
(4-tert-butylphenyl)-4-phenyl-4H-1,2.4-triazole (TAZ), and
NTAZ.
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A thickness of the buffer layer, the hole blocking layer, or
the electron control layer may be in a range of about 20 A
to about 1,000 A, for example, about 30 A to about 300 A.
When the thicknesses of the buffer layer, the hole blocking
layer, and the electron control layer are within these ranges,
the electron blocking layer may have excellent electron
blocking characteristics or electron control characteristics
without a substantial increase in driving voltage.

A thickness of the electron transport layer may be in a
range of about 100 A to about 1,000 A, e.g., about 150 A to
about 500 A. When the thickness of the electron transport
layer is within the range described above, the electron
transport layer may have satisfactory electron transport
characteristics without a substantial increase in driving
voltage.

The electron transport region (for example, the electron
transport layer in the electron transport region) may further
include, in addition to the materials described above, a
metal-containing material.

The metal-containing material may include at least one
selected from alkali metal complex and alkaline earth-metal
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complex. The alkali metal complex may include a metal ion
selected from an Li ion, a Na ion, a K ion, a Rb ion, and a
Cs ion, and the alkaline earth-metal complex may include a
metal ion selected from a Be ion, a Mg ion, a Ca ion, an Sr
ion, and a Ba ion. A ligand coordinated with the metal ion
of the alkali metal complex or the alkaline earth-metal
complex may be selected from a hydroxy quinoline, a
hydroxy isoquinoline, a hydroxy benzoquinoline, a hydroxy
acridine, a hydroxy phenanthridine, a hydroxy phenylan
oxazole, a hydroxy phenylthiazole, a hydroxy diphenylan
oxadiazole, a hydroxy diphenylthiadiazol, a hydroxy phe-
nylpyridine, a hydroxy phenylbenzimidazole, a hydroxy
phenylbenzothiazole, a bipyridine, a phenanthroline, and a
cyclopentadiene.

For example, the metal-containing material may include a
Li complex. The Li complex may include, for example,
Compound ET-D1 (lithium quinolate, LiQ) or ET-D2.

ET-D1

ET-D2

The electron transport region may include an electron
injection layer that facilitates injection of electrons from the
second electrode 190. The electron injection layer may
directly contact the second electrode 190.

The electron injection layer may have i) a single-layered
structure including a single layer including a single material,
i) a single-layered structure including a single layer includ-
ing a plurality of different materials, or iii) a multi-layered
structure having a plurality of layers including a plurality of
different materials.

The electron injection layer may include alkali metal,
alkaline earth metal, rare-earth metal, alkali metal com-
pound, alkaline earth-metal compound, rare-earth metal
compound, alkali metal complex, alkaline earth-metal com-
plex, rare-earth metal complex, or any combinations thereof.

The alkali metal may be selected from Li, Na, K, Rb, and
Cs. In one embodiment, the alkali metal may be Li, Na, or
Cs. In one or more embodiments, the alkali metal may be Li
or Cs.

The alkaline earth metal may be selected from Mg, Ca, Sr,
and Ba.

The rare-earth metal may be selected from Sc, Y, Ce, Yb,
Gd, and Th.

The alkali metal compound, the alkaline earth-metal com-
pound, and the rare-earth metal compound may be selected
from oxides and halides (for example, fluorides, chlorides,
bromides, or iodines) of the alkali metal, the alkaline earth-
metal and rare-earth metal.
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The alkali metal compound may be selected from alkali
metal oxides, such as Li,0, Cs,0, or K, 0O, and alkali metal
halides, such as LiF, NaF, CsF, KF, Lill, Nal, CsI, KI, or RbI.
In one embodiment, the alkali metal compound may be
selected from LiF, Li,O, NaF, Lil, Nal, CsI, and KI.

The alkaline earth-metal compound may be selected from
alkaline earth-metal compounds, such as BaO, SrO, CaQ,
Ba,Sr; O (0<x<1), Ba,Ca, ,O (0<x<1). In one embodi-
ment, the alkaline earth-metal compound may be selected
from BaO, SrO, and CaO.

The rare-earth metal compound may be selected from
YbF;, ScF;, ScO,, Y,0;, Ce,0;, GdF;, and TbF;. In one
embodiment, the rare-earth metal compound may be
selected from YbF;, ScF;, TbF,, Ybl;, Scl,, and Tbl;.

The alkali metal complex, the alkaline earth-metal com-
plex, and the rare-earth metal complex may include an ion
of alkali metal, alkaline earth-metal, and rare-earth metal as
described above, and a ligand coordinated with a metal ion
of the alkali metal complex, the alkaline earth-metal com-
plex, and the rare-earth metal complex may each indepen-
dently be selected from hydroxy quinoline, hydroxy isoqui-
noline, hydroxy benzoquinoline, hydroxy acridine, hydroxy
phenanthridine, hydroxy phenylan oxazole, hydroxy phe-
nylthiazole, hydroxy diphenylan oxadiazole, hydroxy diphe-
nylthiadiazol, hydroxy phenylpyridine, hydroxy phenylben-
zimidazole, hydroxy phenylbenzothiazole, bipyridine,
phenanthroline, and cyclopentadiene.

The electron injection layer may consist of alkali metal,
alkaline earth metal, rare-earth metal, alkali metal com-
pound, alkaline earth-metal compound, rare-earth metal
compound, alkali metal complex, alkaline earth-metal com-
plex, rare-earth metal complex, or any combinations thereof,
as described above. In one or more embodiments, the
electron injection layer may further include an organic
material. When the electron injection layer further includes
an organic material, alkali metal, alkaline earth metal, rare-
earth metal, alkali metal compound, alkaline earth-metal
compound, rare-earth metal compound, alkali metal com-
plex, alkaline earth-metal complex, rare-earth metal com-
plex, or any combinations thereof may be homogeneously or
non-homogeneously dispersed in a matrix including the
organic material.

A thickness of the electron injection layer may be in a
range of about 1 A to about 100 A, e.g., about 3 A to about
90 A. When the thickness of the electron injection layer is
within the range described above, the electron injection layer
may have satisfactory electron injection characteristics with-
out a substantial increase in driving voltage.

The second electrode 190 may be disposed on the organic
layer 150 having such a structure. The second electrode 190
may be a cathode which is an electron injection electrode,
and in this regard, a material for forming the second elec-
trode 190 may be selected from metal, an alloy, an electri-
cally conductive compound, and a mixture thereof, which
have a relatively low work function.

The second electrode 190 may include at least one
selected from lithium (L), silver (Ag), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), ITO, and 1Z0O. The second electrode 190 may be a
transmissive electrode, a semi-transmissive electrode, or a
reflective electrode.

The second electrode 190 may have a single-layered
structure, or a multi-layered structure including two or more
layers.

An organic light-emitting device 20 of FIG. 2 may include
a first capping layer 210, a first electrode 110, an organic
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layer 150, and a second electrode 190 which are sequentially
stacked in this stated order, an organic light-emitting device
30 of FIG. 3 may include a first electrode 110, an organic
layer 150, a second electrode 190, and a second capping
layer 220 which are sequentially stacked in this stated order,
and an organic light-emitting device 40 of FIG. 4 may
include a first capping layer 210, a first electrode 110, an
organic layer 150, a second electrode 190, and a second
capping layer 220.

Regarding FIGS. 2 to 4, the first electrode 110, the organic
layer 150, and the second electrode 190 may be understood
by referring to the description presented in connection with
FIG. 1.

In the organic layer 150 of each of the organic light-
emitting devices 20 and 40, light generated in an emission
layer may pass through the first electrode 110, which is a
semi-transmissive electrode or a transmissive electrode, and
the first capping layer 210 toward the outside, and in the
organic layer 150 of each of the organic light-emitting
devices 30 and 40, light generated in an emission layer may
pass through the second electrode 190, which is a semi-
transmissive electrode or a transmissive electrode, and the
second capping layer 220 toward the outside.

The first capping layer 210 and the second capping layer
220 may increase external luminescent efliciency according
to the principle of constructive interference.

The first capping layer 210 and the second capping layer
220 may each independently be an organic capping layer
including an organic material, an inorganic capping layer
including an inorganic material, or a composite capping
layer including an organic material and an inorganic mate-
rial.

At least one selected from the first capping layer 210 and
the second capping layer 220 may each independently
include at least one material selected from carbocyclic
compounds, heterocyclic compounds, amine-based com-
pounds, porphyrine derivatives, phthalocyanine derivatives,
naphthalocyanine derivatives, alkali metal complexes, and
alkaline earth-based complexes. The carbocyclic compound,
the heterocyclic compound, and the amine-based compound
may be optionally substituted with a substituent containing
at least one element selected from O, N, S, Se, Si, F, Cl, Br,
and I, In one or more embodiments, at least one selected
from the first capping layer 210 and the second capping layer
220 may each independently include an amine-based com-
pound.

In one or more embodiments, at least one selected from
the first capping layer 210 and the second capping layer 220
may each independently include the compound represented
by Formula 201 or the compound represented by Formula
202.

In one or more embodiments, at least one selected from
the first capping layer 210 and the second capping layer 220
may each independently include a compound selected from
Compounds HT28 to HT33 and Compounds CP1 to CPS.

CP1
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-continued

Hereinbefore, the organic light-emitting device according
to an embodiment has been described in connection with
FIGS. 1 through 4.

Layers constituting the hole transport region, an emission
layer, and layers constituting the electron transport region
may be formed in a certain region by using one or more
suitable methods selected from vacuum deposition, spin
coating, casting, langmuir-blodgett (L.B) deposition, ink-jet
printing, laser-printing, and laser-induced thermal imaging.
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When layers constituting the hole transport region, an
emission layer, and layers constituting the electron transport
region are formed by vacuum deposition, for example, the
vacuum deposition may be performed at a deposition tem-
perature of about 100 to about 500° C., at a vacuum degree
of about 107* to about 107 torr, and at a deposition tate of
about 0.01 to about 100 A/sec by taking into account a
compound to be included in a layer to be formed and the
structure of a layer to be formed.

When layers constituting the hole transport region, an
emission layer, and layers constituting the electron transport
region are formed by spin coating, the spin coating may be
performed at a coating speed of about 2,000 rpm to about
5,000 rpm and at a heat treatment temperature of about 80°
C. to 200° C. by taking into account a compound to be
included in a layer to be formed and the structure of a layer
to be formed.

The term “C,-Cg, alkyl group” as used herein refers to a
linear or branched saturated aliphatic hydrocarbon monova-
lent group having 1 to 60 carbon atoms, and examples
thereof include a methyl group, an ethyl group, a propyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, an iso-amyl group, and a hexyl group.
The term “C,-C, alkylene group” as used herein refers to a
divalent group having the same structure as the C,-C, alkyl
group.

The term “C,-C, alkenyl group” as used herein refers to
a hydrocarbon group having at least one carbon-carbon
double bond in the middle or at the terminus of the C,-Cq,
alkyl group, and examples thereof include an ethenyl group,
a propenyl group, and a butenyl group. The term “C,-Cq,
alkenylene group” as used herein refers to a divalent group
having the same structure as the C,-Cy, alkenyl group.

The term “C,-C, alkynyl group” used herein refers to a
hydrocarbon group having at least one carbon-carbon triple
bond in the middle or at the terminus of the C,-Cq,, alkyl
group, and examples thereof include an ethynyl group and a
propynyl group. The term “C,-C,, alkynylene group” as
used herein refers to a divalent group having the same
structure as the C,-Cg, alkynyl group.

The term “C,-Cg,, alkoxy group” as used herein refers to
a monovalent group represented by —OA,,, (wherein A,
is the C,-Cg, alkyl group), and examples thereof include a
methoxy group, an ethoxy group, and an isopropyloxy
group.

The term “C5-C, , cycloalkyl group” as used herein refers
to a monovalent saturated hydrocarbon monocyclic group
having 3 to 10 carbon atoms, and examples thereof include
a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, and a cycloheptyl group. The
term “C,-C,, cycloalkylene group” as used herein refers to
a divalent group having the same structure as the C;-C,
cycloalkyl group.

The term “C,-C,, heterocycloalkyl group” used herein
refers to a monovalent monocyclic group having at least one
heteroatom selected from N, O, Si, P, and S as a ring-
forming atom and 1 to 10 carbon atoms, and examples
thereof include a 1,2,3,4-oxatriazolidinyl group, a tetrahy-
drofuranyl group, and a tetrahydrothiophenyl group. The
term “C,-C,, heterocycloalkylene group,” used herein,
refers to a divalent group having the same structure as the
C,-C,,, heterocycloalkyl group.

The term “C;-C,, cycloalkenyl group” used herein refers
to a monovalent monocyclic group that has 3 to 10 carbon
atoms and at least one carbon-carbon double bond in the ring
thereof and does not have aromaticity, and examples thereof
include a cyclopentenyl group, a cyclohexenyl group, and a
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cycloheptenyl group. The term “C,-C,, cycloalkenylene
group” used herein refers to a divalent group having the
same structure as the C;-C, cycloalkenyl group.

The term “C,-C,, heterocycloalkenyl group” used herein
refers to a monovalent monocyclic group that has at least
one heteroatom selected from N, O, Si, P, and S as a
ring-forming atom, 1 to 10 carbon atoms, and at least one
carbon-carbon double bond in its ring. Examples of the
C,-C,, heterocycloalkenyl group are a 4,5-dihydro-1,2.3,4-
oxatriazolyl group, a 2,3-dihydrofuranyl group and a 2,3-
dihydrothiopheny! group. The term “C,-C,, heterocycloalk-
enylene group,” used herein, refers to a divalent group
having the same structure as the C,-C, heterocycloalkenyl
group.

The term “C4-Cy, aryl group” as used herein refers to a
monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, and a C4-Cg,, arylene group
used herein refers to a divalent group having a carbocyclic
aromatic system having 6 to 60 carbon atoms. Examples of
the C4-Cy, aryl group are a phenyl group, a naphthyl group,
an anthracenyl group, a phenanthrenyl group, a pyrenyl
group, and a chrysenyl group. When the C4-Cq, aryl group
and the C,-C,, arylene group each include two or more
rings, the rings may be fused to each other.

The term “C,-Cg, heteroaryl group” used herein refers to
a monovalent group having a carbocyclic aromatic system
that has at least one heteroatom selected from N, O, Si, P,
and S as a ring-forming atom, in addition to 1 to 60 carbon
atoms. A C;-Cg, heteroarylene group used herein refers to a
divalent group having a carbocyclic aromatic system that
has at least one heteroatom selected from N, O, Si, P, and S
as a ring-forming atom, in addition to 1 to 60 carbon atoms.
Examples of the C,-Cg, heteroaryl group are a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a quinolinyl group, and an isoqui-
nolinyl group. When the C,-C, heteroaryl group and the
C,-Cg, heteroarylene group each include two or more rings,
the rings may be fused to each other.

The term “Cg-Cg, aryloxy group™ used herein indicates
—OA, ,, (wherein A,,, is the C-Cy, aryl group), and a
Cs-Cg arylthio group indicates —SA 5 (Wherein A, 1s
the C4-Cgy, aryl group).

The term “monovalent non-aromatic condensed polycy-
clic group” as used herein refers to a monovalent group (for
example, having 8 to 60 carbon atoms) that has two or more
rings condensed with each other, only carbon atoms as a
ring-forming atom, and non-aromaticity in the entire
molecular structure. A detailed example of the monovalent
non-aromatic condensed polycyclic group is a fluorenyl
group. The term “divalent non-aromatic condensed polycy-
clic group,” used herein, refers to a divalent group having
the same structure as the monovalent non-aromatic con-
densed polycyclic group.

The term “monovalent non-aromatic condensed heteropo-
lycyclic group” as used herein refers to a monovalent group
(for example, having 1 to 60 carbon atoms) that has two or
more rings condensed to each other, has at least one het-
eroatom selected from N, O, Si, P, and S, other than carbon
atoms, as a ring-forming atom, and has non-aromaticity in
the entire molecular structure. An example of the monova-
lent non-aromatic condensed heteropolycyclic group is a
carbazolyl group. The term “divalent non-aromatic con-
densed heteropolycyclic group,” used herein, refers to a
divalent group having the same structure as the monovalent
non-aromatic condensed heteropolycyclic group.

The term “C,-Cy, carbocyclic group” as used herein
refers to a monocyclic or polycyclic group having 5 to 60
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carbon atoms in which a ring-forming atom is a carbon atom
only. The C,-Cg, carbocyclic group may be an aromatic
carbocyclic group or a non-aromatic carbocyclic group. The
C,-Cg, carbocyclic group may be a ring, such as a benzene
group, a monovalent group, such as a phenyl group, or a
divalent group, such as a phenylene group. In one or more
embodiments, depending on the number of substituents
connected to the Cs-Cq, carbocyclic group, the C5-Cg
carbocyclic group may be a trivalent group or a quadrivalent
group.

The term “C,-Cg, heterocyclic group” used herein refers
to a group having the same structure as the C5-C, carbo-
cyclic group, except that as a ring-forming atom, at least one
heteroatom selected from N, O, Si, P, and S is used in
addition to carbon (the number of carbon atoms may be in
a range of 1 to 60).

At least one substituent of the substituted
C,-Cgoecarbocyclic group, the substituted C,-Cg, heterocy-
clic group, the substituted C4-C,, cycloalkylene group, the
substituted C,-C,, heterocycloalkylene group, the substi-
tuted C,-C,, cycloalkenylene group, the substituted C,-C,,
heterocycloalkenylene group, the substituted C;-Cy, arylene
group, the substituted C,-Cy,, heteroarylene group, the sub-
stituted divalent non-aromatic condensed polycyclic group,
the substituted divalent non-aromatic condensed heteropo-
lycyclic group, the substituted C,-Cg, alkyl group, the sub-
stituted C,-C,, alkenyl group, the substituted C,-C 4, alkynyl
group, the substituted C,-C,, alkoxy group, the substituted
C;-C, cycloalkyl group, the substituted C,-C,,, heterocy-
cloalkyl group, the substituted C,-C,, cycloalkenyl group,
the substituted C,-C, , heterocycloalkenyl group, the substi-
tuted C4-Cgq aryl group, the substituted C,-Cg, aryloxy
group, the substituted C4-C,,, arylthio group, the substituted
C,-Cgo heteroaryl group, the substituted monovalent non-
aromatic condensed polycyclic group, and the substituted
monovalent non-aromatic condensed heteropolycyclic
group may be selected from:

deuterium (—D), —F, —Cl, —Br, —1, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-Cq, alkyl group, a C,-C,
alkenyl group, a C,-Cg, alkynyl group, and a C,-Cg, alkoxy
group;

a C,;-Cg, alkyl group, a C,-Cg, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a
C;-C,, eycloalkyl group, a C,-C, , heterocycloalkyl group, a
C,-Cy cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cqy, aryl group, a C4-Cg, aryloxy group, a
Cs-Cep arylthio group, a C,-C, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,
—SiQ)Q1)Q15):  —NQ; Q) —BQ)Q,,):
—C(=0)Q11), —S(=0)5(Qyy), and —P(=0)(Q,1)(Qy):

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-Cy, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a Cy-Cg, aryloxy
group, a C¢-Cgy, arylthio group, a C,-Cq, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group;,

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cqg, aryl group, a C4-Cgy, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
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a monovalent non-aromatic condensed heteropolycyclic
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-Cg, alkenyl
group, a C,-Cq, alkynyl group, a C,-C,, alkoxy group, a
C;-C 4 cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cq, aryl group, a C4-Cq, aryloxy group, a
Cs-Cgo arylthio group, a C,-Cg, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,

—Si(Q:)Q2)(Q23),  —N(Qy)(Qr0),  —B(Qy)(Qy0),
—C(=0)(Q,)), —S(=0),(Qs,), and —P(=0)(Q,)(Qs,):

and

_Si(Q3l)(Q32)(Q33)5 _N(QSI)(Q32)5 _B(QSI)(Q32)5
—C(=0)Qs1), —S(=0)5(Qs1), and —P(=0)(Q31)(Qs2).

Unless otherwise defined herein, Q, to Qg, Q,; 10 Q3, Qs
to Q,;, and Q5 to Q55 may each independently be selected
from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-Cg, alkenyl group, a C,-Cq, alkynyl group, a C,-Cq,
alkoxy group, a C,-C,, cycloalkyl group, a C,-C,, hetero-
cycloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C-Cy, aryl group, a C,-Cq,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyclic group, a biphenyl group, and a terphenyl
group.

The term “Ph” used herein refers to a phenyl group, the
term “Me” used herein refers to a methyl group, the term
“BEt” used herein refers to an ethyl group, the term “ter-Bu”
or “Bu” used herein refers to a tert-butyl, and the term
“OMe” used herein refers to a methoxy group.

The term “biphenyl group” as used herein refers to “a
phenyl group substituted with a phenyl group.” In other
words, the “biphenyl group” is a substituted phenyl group
having a C4-Cy, aryl group as a substituent.

The term “terphenyl group” as used herein refers to “a
phenyl group substituted with a biphenyl group.” In other
words, the “terphenyl group” is a substituted phenyl group
having, as a substituent, a C4-Cg, aryl group substituted with
a C4-Cy, aryl group.

* and *' used herein, unless defined otherwise, each refer
to a binding site to a neighboring atom in a corresponding
formula.

Hereinafter, a compound according to embodiments and
an organic light-emitting device according to embodiments
will be described in detail with reference to Synthesis
Examples and Examples. The wording “B was used instead
of A” used in describing Synthesis Examples refers to that
an identical molar equivalent of B was used in place of A.

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.
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EXAMPLE

Synthesis Example
Synthesis Example 1

Synthesis of Compound 1

compound 1

Synthesis of Compound 1

1.34 g (10 mmol) of 2-coumaranone, 1.83 g (10 mmol) of
dibenzo[b,d]furan-4-amine, 3.32 g (10 mmol) of 10-(naph-
thalene-1-yl)anthracene-9-carbaldehyde, and 0.013 g (0.5

40

mmol) of diiodine were dissolved in 150 mL of THF and 45

were then stirred at a temperature of 80° C. for 24 hours. The
reacting solution was cooled to ambient temperature. Then,
an organic layer was extracted three times by using 60 mL
of water and 60 mL of diethyl ether. The organic layer was
dried by using magnesium sulfate and the solvent was
evaporated. The obtained residue was separated and purified
by silica gel column chromatography, thereby completing
the preparation of 3.67 g (60%) of Compound 1. Compound

1 was confirmed through LC-MS and 'H NMR.
C, [, NO,: M+1 611.72
Synthesis Example 2
Synthesis of Compound 20

50
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-continued

O/ : T

3-bromobenzaldehyde

compound 20

Synthesis of Intermediate 20-1

3 g (65%) of an Intermediate Compound 20-1 was pre-
pared by following the same steps as in Synthesis Example
1, except that 3-bromobenzaldehyde was used instead of
10-(naphthalene-1-yl)anthracene-9-carbaldehyde. Interme-
diate Compound 20-1 was confirmed through LC-MS.
C,.H,,BrNO,: M+1 464.31

Synthesis of Compound 20

4.64 g (10 mmol) of Intermediate Compound 20-1, 3.45
g (10 mmol) of 9,9-dimethyl-7-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9H-fluorene-2-carbonitrile, 0.58 g (0.5
mmol) of PA(PPhs),, and 4.15 g (30.0 mmol) of K,CO, were
dissolved in 150 mL of a mixed solution of THF/H,O (2/1)
and were then stirred at a temperature of 80° C. for 16 hours.
The reacting solution was cooled to ambient temperature.
Then, an organic layer was extracted three times by using 60
mL of water and 60 mL of diethyl ether. The organic layer
was dried by using magnesium sulfate and the solvent was
evaporated. The obtained residue was separated and purified
by silica gel column chromatography, thereby completing
the preparation of 4.2 g (70%) of Compound 20. Compound
20 was confirmed through LC-MS and 'H NMR.
CsHa6N,0,: M+l 602.71
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Synthesis Example 3

Synthesis of Compound 23

156

compound 23

Synthesis of Intermediate 23-1

2.78 g (60%) of Intermediate Compound 23-1 was pre-
pared in the same manner as in the synthesis of Intermediate
20-1, except that 4-bromobenzaldehyde was used instead of
3-bromobenzaldehyde. Intermediate Compound 23-1 was
confirmed through LC-MS. C,,H,,BrNO,: M+1 464.30

Synthesis of Compound 23

3.27 g (50%) of Compound 23 was prepared in the same
manner as in the synthesis of Compound 20, except that
Intermediate Compound 23-1 was used instead of Interme-
diate Compound 20-1, and 4-(9,9-dimethyl-7-(4,4,5,5-te-
tramethyl-1,3,2-dioxaborolan-2-y1)-9H-fluoren-2-yl)pyri-
dine was wused instead of 9.9-dimethyl-7-(44,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-fluorene-2-

55

60

65

carbonitrile. Compound 23 was confirmed through LC-MS
and 'H NMR. C,,H,,N,O,: M+1 654.75

Synthesis Example 4

Synthesis of Compound 26
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-continued -continued

10

15

compound 26

Synthesis of Compound 26

4.93 g (80%) of Compound 26 was prepared in the same
manner as in the synthesis of Compound 20, except that
2,4-diphenyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1,3,5-triazine was used instead of 9,9-dimethyl-7-(4,4,
5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-fluorene-2-
carbonitrile. Compound 26 was confirmed through LC-MS
and '"H NMR. C,,H,,N,0,: M+1 616.66

Synthesis Example 5

30

Synthesis of Compound 64
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-continued

compeound 64

Synthesis of Intermediate 64-1 diate Compound 20-1, and 3,3'-(5-(4,4,5,5-tetramethyl-1,3,
1.4 g (30%) of Intermediate Compound 64-1 was pre- 20 2-dioxaborolan-2-yl)-1,3-phenylene)dipyridine was used
pared in the same manner as in the synthesis of Intermediate instead of 9,9-dimethyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxa-
20-1, except that dibenzo[b,d]furan-2-amine was used  borolan-2-yl)-9H-fluorene-2-carbonitrile. Compound 64
instead of dibenzo[b,d]furan-4-amine, and 4-bromobenzal- was confirmed through LC-MS and 'H NMR. C,;H,sN,0,:
dehyde was used instead of 3-bromobenzaldehyde. Interme- M+1 616.68
diate Compound 64-1 was confirmed through LC-MS.

C,,H,,BrNO,: M+1 464.33 2

Synthesis of Compound 64

4.3 g (70%) of Compound 64 was prepared in the same Synthesis Example 6
manner as in the synthesis of Compound 20, except that
Intermediate Compound 64-1 was used instead of Interme- Synthesis of Compound 94

NH,

compound 94
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Synthesis of Intermediate 94-1 solution and then stirred at ambient temperature for 20
1.2 g (25%) of Intermediate Compound 94-1 was pre- hours. 20 mL of water was added thereto. Then, an organic

pared in the same manner as in the synthesis of Intermediate layer was extracted three times by psing 20 mL of dichlo-
20-1, except that dibenzo[b,d]furan-2-amine was used romethane. The organic layer was dried by using magnesium
inste’ad of dibenzo[b d]furan-4,-amine and 4-bromobenzal- 5 sulfate and th; so(livent .vga(si ‘lajvap.ol.rated.lT hel obtalnﬁfore51due

N ’ was separated and purified by silica gel column chromatog-
dehyde was used instead of 3-bromobenzaldehyde. Interme- raphy, thereby completing the preparation of 4.1 g (70%) of

diate Compound 94-1 was confirmed through LC-MS. Compound 42. Compound 42 was confirmed through LC-

C,,H,,BrNO,: M+1 464.32 MS and 'H NMR. C,H, ,NO,P: M+1 585.58
Synthesis of Compound 94
3.91 g (60%) of Compound 94 was prepared in the same 10 Synthesis Example 8
manner as in the synthesis of Compound 20, except that .
Intermediate Compound 94-1 was used instead of Interme- Synthesis of Compound 114

diate Compound 20-1, and 9-phenyl-6-(4.,4,5,5-tetramethyl-

NH,
1,3,2-dioxaborolan-2-y1)-9H-carbazole-2-carbonitrile  was O >
used instead of 9,9-dimethyl-7-(4,4,5,5-tetramethyl-1,3,2- 15 + 0 +
dioxaborolan-2-yl)-9H-fluorene-2-carbonitrile. Compound O 0
94 was confirmed through LC-MS and 'H NMR.

CeH, NS0, M1 653.73

Synthesis Example 7

Svnthesis of Compound 42

compound 114

Synthesis of Intermediate 114-1
5 3.3 g (70%) of Intermediate Compound 114-1 was pre-
pared in the same manner as in the synthesis of Intermediate
20-1, except that dibenzo[b,d]thiophen-4-amine was used
instead of dibenzo[b,d]furan-4-amine, and 4-bromoalde-
hyde was used instead of 3-bromoaldehyde. Intermediate
60 Compound 114-1 was confirmed through LC-MS.

compound 42

(v

Synthesis of Compound 42

4.64 g (10 mmol) of Intermediate 20-1 was dissolved in
100 mL of THF, and 4 mL (2.5 M in hexane) of n-butyl-
lithium was added thereto at a temperature of =78° C. 2.20

10 mmol) of chlorodiphenylphosphine was slowly added
%r(opwise af)ter 1 hour. ”lPhen,}tllloe soliution was stirrgd for 3 C27H14BrNOS: M+1 480.40
hours and then heated to ambient temperature. Then, water Synthesis of Compound 114 ]
was added thereto and cleaning was performed three times 42¢g (70%) of Compoupd 114 was prepared in the same
by using ethyl acetate (30 mL). A cleaned ethyl acetate layer ~ manner as in the synthesis of Compound 42, except that
was dried with MgSO, and evaporated under reduced pres- 65 Intermediate Compound 114-1 was used instead of Inter-
sure, and the resultant was dissolved in 40 mL of dichlo- mediate Compound 20-1. Compound 114 was confirmed
romethane. 4 mL of peroxide was added to the obtained  through LC-MS and ‘H NMR. C3H,,NO,PS: M+1 601.67
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Compound 'H NMR (CDCly, 400 MHz)

MS/FAB

found cale.

1 8.75-8.70 (m, 2H), 8.07-8.04 (m, 2H), 7.84-7.75 (m, 3H), 7.71-
7.65 (m, 4H), 7.60-7.57 (m, 21, 7.54-7.50 (m, 4H), 7.47-7.40

(m, 4H), 7.35-7.34 (m, 1H), 7.15-7.13 (m, 2H), 6.97-6.95 (m, 11
8.81-8.79 (m, 1H), 8.72-8.70 (m, 1H), 8.42-8.40 (m, 1H), 8.07-

20

8.00 (m, 3H), 7.89-7.80 (m, 2H), 7.76-7.72 (m, 21), 7.67-7.63

(m, 3H), 7.60-7.58 (m, 2H), 7.52-7.50 (m, 2H), 7.46-7.45 (m,
2H), 7.40-7.39 (m, 1H), 1.61-1.57 (m, 6H)
23

8.82-8.79 (m, 1H), 8.72-8.70 (m, 1H), 8.66-8.64 (m, 2H), 8.22-

8.20 (m, 2H), 8.06-8.02 (m, 2H), 7.78-7.72 (m, 6H), 7.65-7.57

(m, 3H), 7.55-7.50 (m, 2H), 7.47-7.38 (m, 4H), 7.31-7.29 (m,
1H), 1.57-1.54 (m, 6H)
26

9.16-9.13 (m, 1H), 8.82-8.79 (m, SH), 8.76-8.70 (m, 2H), 8.23-

611.72  611.7

602.71

602.69

654.75

616.66 616.68

8.03 (m, 3H), 7.76-7.67 (m, 3H), 7.62-7.56 (m, 6H), 7.52-7.40 (m, 4H)

64
7.81 (m, 6H), 7.74-7.58 (m, 2H), 7.56-7.44 (m, 5H)
94

8.95-8.90 (m, 3H), 8.82-8.65 (m, 3H), 8.23-8.02 (m, 6H), 7.89-

8.25-8.17 (m, 3H), 8.08-8.02 (m, 3H), 7.91-7.82 (m, 3H), 7.74-

7.71 (m, 2H), 7.63-7.60 (m, 3H), 7.57-7.50 (m, 5H), 7.32-7.19

(m, 2H), 6.05-5.95 (m, 2H), 5.85-5.82 (m, 1H)

5.70-5.67 (m, 1H), 5.35-531 (m, 1H), 4.80-4.91 (m, 1H)
8.81-8.70 (m, 2H), 8.52-8.50 (m, 1H), 8.08-8.04 (m, 2H),
7.90 (m, 1H), 7.77-7.72 (m, 3H), 7.66-7.57 (m, 7H), 7.53-
(m, 4H), 7.45-7.41 (m, 4H)

42 7.
7.

114

91
44

8.71-8.68 (m, 2H), 8.52-8.50 (m, 1H), 8.05-8.00 (m, 4H), 7.91-

7.90 (m, 2H), 7.74-7.67 (m, 5H), 7.66-7.57 (m, 2H), 7.53-7.48

(m, 4H), 7.45-7.41 (m, 4H)

616.68 615.69

653.73 6533.74

585.58 585.6

601.67 601.66

Example 1

As a substrate and an anode, a Corning 15 Q/cm? (1,200
A) ITO glass substrate was cut to a size of 50 mmx50
mmx0.7 mm, and then, sonicated with isopropyl alcohol and
pure water each for 5 minutes, and then washed by irradia-
tion of ultraviolet ray for 30 minutes and ozone, and the
resultant glass substrate was provided to a vacuum deposi-
tion apparatus.

2-TNATA was vacuum-deposited on the ITO glass sub-
strate (anode) to form a hole injection layer having a
thickness of 600 A, and 4,4'-bis[N-(1-naphthyl)-N-phe-
nylamino]bisphenyl (NPB) was vacuum-deposited on the
hole injection layer to form a hole transport layer having a
thickness of 300 A.

9,10-di-naphthalene-2-yl-anthracene (ADN) (blue fluo-
rescent host) and 4,4'-bis[2-(4-(N,N-diphenylamino)phenyl)
vinyl|biphenyl (DPAVBI) (blue fluorescent dopant) were
co-deposited on the hole transport layer at a weight ratio of
98:2 to form an emission layer having a thickness of 300 A.

Then, Compound 1 was deposited on the emission layer
to form an electron transport layer having a thickness of 300
A. LiF was deposited on the electron transport layer to form

40

45

an electron injection layer having a thickness of 10 A, and
Al was vacuum-deposited on the electron injection layer to
form an LiF/Al cathode having a thickness of 3,000 A,
thereby completing the manufacture of an organic light-
emitting device.

Examples 2 to 8 and Comparative Example 1

Organic light-emitting devices of Examples 2 to 8 and
Comparative Example 1 were manufactured in the same
manner as in Example 1, except that Compounds shown in
Table 2, below, were each used instead of Compound 1 to
form an electron transport layer.

Evaluation Example 1

The driving voltage, current density, luminance, effi-
ciency, emission color, and half lifespan of the organic
light-emitting devices manufactured in Examples 1 to 8 and
Comparative Example 1 were evaluated using Keithley
SMU 236 and PR650 luminance meter. Results thereof are
shown in Table 2. The half lifespan was obtained by mea-
suring a time period that has lapsed until the luminance
(@100 mA/cm?) was reduced to 50% of the initial lumi-
nance after the driving of the organic light-emitting device.

TABLE 2

Electron  Driving  Current Half lifespan

trangport  voltage  demsity  Luminance Efficiency Emission (hr @ 100

material (V) (mA/em?) {cd/m?) (cd/A) color mA/em?)
Example 1 Compound ~ 4.75 50 2880 5.76 Blue 3115 hr
Example 2 Com}iound 491 50 3104 6.208 Blue 302 hr
Example 3 Comzpoound 4.89 50 3088 6.176 Blue 335 hr
Example 4 Com2p30und 5.13 50 2963 5.926 Blue 298 hr
Example 5 Comzpsound 4.97 50 2870 5.74 Blue 301 hr
Example 6 Com?(.)und 5.45 50 2894 5.788 Blue 335 hr

94
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TABLE 2-continued

Electron  Driving  Current Half lifespan
transport  voltage  density = Luminance Efficiency Emission (hr @ 100
material (V) (mA/em?) (cd/m?) (cd/A) color mA/em?)
Example 7 Compound 5.66 50 2667 5.334 Blue 360 hr
42
Example 8 Compound 5.49 50 2695 5.39 Blue 349 hr
114
Comparative Alqg, 7.12 50 2039 4.078 Blue 162 hr

Example 1
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TABLE 2-continued

Electron  Driving  Current Half lifespan
transport  voltage  density = Luminance Efficiency Emission (hr @ 100
material (V) (mA/em?) (cd/m?) (cd/A) color mA/em?)

94
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TABLE 2-continued
Electron  Driving  Current Half lifespan
transport  voltage  density = Luminance Efficiency Emission (hr @ 100
material (V) (mA/em?) (cd/m?) (cd/A) color mA/cm?)

Referring to Table 2, it may be seen that the organic
light-emitting devices of Examples 1 to 8 had excellent
efficiency and lifespan characteristics, compared to Com-
parative Example 1.

According to one or more embodiments, the organic
light-emitting device including the heterocyclic compound
may have high efficiency and a long lifespan.

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 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, char-
acteristics, 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 heterocyclic compound represented by Formula 1:

A-(Adars <Formula 1>

wherein, in Formula 1,
A, is a group represented by Formula 2,
A, is a group represented by Formula 3, and

a2l is an integer of 1 to 11, wherein, when a21 is 2 to 11,
two or more of A, are identical to or different from each
other:
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<Formula 2>

<Formula 3>

L) (AL},

wherein F| in Formula 2 is a dibenzofuran moiety or a
dibenzothiophene moiety,

R, to R and R,, in Formula 2 are each independently
selected from a binding site to A,, hydrogen, deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group. a substituted or unsubsti-
tuted C,-Cg, alkyl group, a substituted or unsubstituted
C,-C, alkenyl group, a substituted or unsubstituted
C,-Cgo alkynyl group, a substituted or unsubstituted
C,-Cqo alkoxy group, a substituted or unsubstituted
C,-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C5-C,,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C,-Cg, aryl group, a substi-
tuted or unsubstituted C,-C, aryloxy group, a substi-
tuted or unsubstituted C4-C., arylthio group, a
substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
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tuted monovalent non-aromatic condensed heteropoly-
cyclic group, —Si(Q,)(Q,)Q,). and —S(—0),(Q)).
b6 in Formula 2 is an integer of 0 to 6, wherein, when b6
is 2 to 6, two or more of Ry are identical to or different
from each other,

X, in Formula 2 is O or S,

at least one of R, to R; and Ry, is a binding site to A,, a
number of R, to R and R, , being the binding site to A,
being the same as a21,

L in Formula 3 is selected from a substituted or unsub-
stituted C;-C,,, cycloalkylene group, a substituted or
unsubstituted C, -C, , heterocycloalkylene group, a sub-
stituted or unsubstituted C5-C,, cycloalkenylene group,
a substituted or unsubstituted C,-C,, heterocycloalk-
enylene group, a substituted or unsubstituted C¢-Cq,
arylene group, a substituted or unsubstituted C,-Cy,
heteroarylene group, a substituted or unsubstituted
divalent non-aromatic condensed polycyclic group, and
a substituted or unsubstituted divalent non-aromatic
condensed heteropolycyclic group,

nin Formula 3 is an integer of 0 to 7, wherein, when n is
2 to 7, two or more of L are identical to or different
from each other,

Ar in Formula 3 is selected from a substituted or unsub-
stituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-C, aryl group,
a substituted or unsubstituted C;-Cg,, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-C,,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropoly-
cyclic  group,  —8i(Qu)(Qs)(Qs). —C(=0)Q).
—8(=0),(Q.), and —P(=0)(Q.)(Qs);

m in Formula 3 is an integer of 1 to 7, wherein, when m
is 2 to 7, two or more of Ar are identical to or different
from each other, and

at least one substituent of the substituted C;-C,,
cycloalkylene group, the substituted C,-C,, heterocy-
cloalkylene group, the substituted C,-C,, cycloalk-
enylene group, the substituted C,-C,, heterocycloalk-
enylene group, the substituted C,-Cqy, arylene group,
the substituted C,-C, heteroarylene group, the substi-
tuted divalent non-aromatic condensed polycyclic
group, the substituted divalent non-aromatic condensed
heteropolycyclic group, the substituted C,-Cg, alkyl
group, the substituted C,-C,, alkenyl group, the sub-
stituted C,-Cg,, alkynyl group, the substituted C,-Cg,
alkoxy group, the substituted C;-C,, cycloalkyl group,
the substituted C,-C, , heterocycloalkyl group, the sub-
stituted C,-C,, cycloalkenyl group, the substituted
C,-C,, heterocycloalkenyl group, the substituted
Cs-Cq aryl group, the substituted Cg-Cq aryloxy
group, the substituted C,-C,, arylthio group, the sub-
stituted C,-Cg, heteroaryl group, the substituted mon-
ovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed
heteropolycyclic group is selected from:

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or
unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-Cg,, alkenyl group, a substituted or
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unsubstituted C,-Cq, alkynyl group, and a substituted
or unsubstituted C,-C,, alkoxy group;

a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C5-C,, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C;-C |, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cg, aryl group,
a C-Cy, aryloxy group, a C4-Cgy, arylthio group, a
C,-C¢ heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,,)

(Q12)(Q13), —NQ, Q1) —B(Q1)(Q,5), —C(=0)
Q1) —8(=0),(Q, ), and —P(=0)(Q;;)(Q;.};

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
aryloxy group, a C¢-Cgy,, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;

a C5-C, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-Cg, hetero-
cycloalkenyl group, a C,-Cq, group, a C4-Cgy, aryloxy
group, a C4-Cy, arylthio group, a C,-Cq, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group, each substituted with at least
one selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cy,
alkynyl group, a C,-C,, alkoxy group, a C,;-Cy,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,q cycloalkenyl group, a C;-C,, heterocycloalk-
enyl group, a C,-Cq, aryl group, a Cg-Cy, aryloxy
group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed het-
eropolycyclic group, —Si(Q)(Qx)(Q3), —N(Qy,)
Q). —B(Qu)(Qr), —C(=0)Qz). —S(=0),
(Q2y). and —P(=0)(Q,)(Q;,); and

7Si(Q3l)(Q32)(Q33)5 7N(Q31)(Q32)5 7B(Q31)(Q32)5
(TQC():O)(QM)’ —S(=0),(Q;,), and —P(=0)(Q3,)

32/¢

wherein Q, FO Q6 Q1110 Qy3, Q5,10 Qy3,and Q5 10 Qyy
are each independently selected from hydrogen, deu-

terium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-C, alkyl group, a
C,-Cgo alkenyl group, a C,-Cq, 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 C4-Cqy,
aryl group, a C,-C, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group, a
biphenyl group, a terphenyl group, and a naphthyl
group.

2. The heterocyclic compound as claimed in claim 1,

wherein:

X, is O, and
F, is a dibenzofuran moiety.
3. The heterocyclic compound as claimed in claim 1,

wherein a2l is an integer of 1 to 6.
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4. The heterocyclic compound as claimed in claim 1,

wherein L in Formula 3 is selected from:

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenan-
threnylene group, an anthracenylene group, a fluo-
ranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a peryle-
nylene group, a pentaphenylene group, a hexacenylene
group, a pentacenylene group, a thiophenylene group,
a furanylene group, a carbazolylene group, an indo-
lylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzo-
furanylene group, a dibenzothiophenylene group, a
benzocarbazolylene group, a dibenzocarbazolylene
group, a dibenzosilolylene group, a pyridinylene group,
an imidazolylene group, a pyrazolylene group, a thiaz-
olylene group, an isothiazolylene group, an
oxazolylene group, an isoxazolylene group, a thiadiaz-
olylene group, an oxadiazolylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group,
a triazinylene group, a quinolinylene group, an isoqui-
nolinylene group, a benzoquinolinylene group, a
phthalazinylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cin-
nolinylene group, a phenanthridinylene group, an
acridinylene group, a phenanthuolinylene group, a
phenazinylene group, a benzimidazolylene group, an
isobenzothiazolylene group, a benzoxazolylene group,
an isobenzoxazolylene group, a triazolylene group, a
tetrazolylene group, an imidazopyridinylene group, an
imidazopyrimidinylene group, and an azacarbazolylene
group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenan-
threnylene group, an anthracenylene group, a fluo-
ranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a peryle-
nylene group, a pentaphenylene group, a hexacenylene
group, a pentacenylene group, a thiophenylene group,
a furanylene group, a carbazolylene group, an indo-
lylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzo-
furanylene group, a dibenzothiophenylene group, a
benzocarbazolylene group, a dibenzocarbazolylene
group, a dibenzosilolylene group, a pyridinylene group,
an imidazolylene group, a pyrazolylene group, a thiaz-
olylene group, an isothiazolylene group, an
oxazolylene group, an isoxazolylene group, a thiadiaz-
olylene group, an oxadiazolylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group,
a triazinylene group, a quinolinylene group, an isoqui-
nolinylene group, a benzoquinolinylene group, a
phthalazinylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cin-
nolinylene group, a phenanthridinylene group, an
acridinylene group, a phenanthrolinylene group, a
phenazinylene group, a benzimidazolylene group, an
isobenzothiazolylene group, a benzoxazolylene group,
an isobenzoxazolylene group, a triazolylene group, a
tetrazolylene group, an imidazopyridinylene group, an
imidazopyrimidinylene group, and an azacarbazolylene
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl
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group, a C,-C,, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a benzofluo-
renyl group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl
group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a thiophenyl
group, a furanyl group, a carbazolyl group, an indolyl
group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, a dibenzosilolyl group, a
pyridinyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl group, a thiadiazolyl
group, an oxadiazolyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naph-
thyridinyl group, a quinoxaliny] group, a quinazolinyl
group, a cinnolinyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzimidazolyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, an
azacarbazolyl group, and —Si(Q,;)(Q5,)(Qs3);

wherein Q;; to Q,; are each independently selected from
hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group,
a hydrazino group, a hydrazono group, a C,-C, alkyl
group, a C,-C, alkenyl group, a C,-Cy, alkynyl group,
a C,-Cy, alkoxy group, a C,-C,,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C5-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C,-Cy,
aryl group, a C,-C, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group, a
biphenyl group, a terphenyl group, and a naphthyl
group.

5. The heterocyclic compound as claimed in claim 1,

wherein L in Formula 3 is a group represented by one of the
following Formulae 5-1 to 5-34:

) Formula 5-1
. (Z)u
YA
raw
) Formula 5-2
ZDa
| YA
* / k!
Formula 5-3
Z)a
| A
/
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Formula 5-21

Formula 5-22

Formula 5-23

Formula 5-24

Formula 5-25

Formula 5-26

Formula 5-27

Formula 5-28

Formula 5-29
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-continued
Formula 5-30

_— @

Formula 5-31

Formula 5-32

Formula 5-33

Formula 5-34

wherein, in Formulae 5-1 to 5-34,

Y,is O, S, CZ)(Z4). N(Zy). or SiZ)Z,),

7, to 7, are each independently selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a phenyl group, a biphenyl group, a
terphenyl group, a pentalenyl group, an indenyl group,
a naphthyl group, an azulenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a spiro-benzofluorene-fluore-
nyl group, a benzofluorenyl group, a dibenzofluorenyl
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group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentacenyl group, a pyrrolyl group,
a thiophenyl group, a furanyl group, a silolyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group,
an isothiazolyl group, an oxazolyl group, an isoxazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl1 group, a pyridazinyl group, an indolyl group, an
isoindolyl group, an indazolyl group, a purinyl group,
a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, an isoquinolinyl group, a phthalazi-
nyl group, a naphthyridinyl group, a quinoxalinyl
group, a benzoquinoxalinyl group, a quinazolinyl
group, a benzoquinazolinyl group, a cinnolinyl group,
a phenanthridinyl group, an acridiny] group, a phenan-
throlinyl group, a phenazinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group,
a benzosilolyl group, a benzothiazolyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a car-
bazolyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a dibenzosilolyl group, a benzocarba-
zolyl group, a naphthobenzofuranyl group, a
naphthobenzothiophenyl group, a naphthobenzosflolyl
group, a dibenzocarbazolyl group, a dinaphthofuranyl
group, a dinaphthothiophenyl group, a dinaphthosilolyl
group, a thiadiazolyl group, an imidazopyridinyl group,
an imidazopyrimidinyl group, an oxazolopyridinyl
group, a thiazolopyridinyl group, a benzonaphthyridi-
nyl group, an azafluorenyl group, an azaspiro-bifluo-
renyl group, an azacarbazolyl group, an azadibenzo-
furanyl group, an azadibenzothiophenyl group, an
azadibenzosilolyl group, an indenopyrrolyl group, an
indolopyrrolyl group, an indenocarbazolyl group, an
indolocarbazolyl group, and —Si(Q5,)(Q5,)(Qs3), in
which Q5 to Qs; are each independently selected from
hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group,
a hydrazino group, a hydrazono group, a C,-Cg, alkyl
group, a C,-C, alkenyl group, a C,-C, alkynyl group,
a C,-Cg, alkoxy group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C5-C,, cycloalkenyl
group, a C,;-C,, heterocycloalkenyl group, a C4-Cy,
aryl group, a C,-C,, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group, a
biphenyl group, a terphenyl group, and a naphthyl
group,

d2 is an integer of 0 to 2,

d3 is an integer of 0 to 3,

d4 is an integer of 0 to 4,

d5 is an integer of 0 to 5,

d6 is an integer of 0 to 6,

d8is an integer of Oto 8, and

* and * each indicate a binding site to a neighboring
atom.

6. The heterocyclic compound as claimed in claim 5,

wherein:

L is a group represented by one of Formula 5-1, 5-2, or
5-13, and

7,in Formula 5-1, 5-2, or 5-13 is selected from deuterium,
—F, —Cl,—Br, —1I, a hydroxyl group, a cyano group,
a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C,,, alkyl group, and a C,-C,,
alkoxy group.
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7. The heterocyclic compound as claimed in claim 1,

wherein n in Formula 3 is 0, 1, or 2.

8. The heterocyclic compound as claimed in claim 1,

wherein Ar in Formula 3 is selected from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group,
a thiophenyl group, a furanyl group, a carbazolyl
group, an indolyl group, an isoindolyl group, a benzo-
furanyl group, a benzothiophenyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group. a benzocarba-
zolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothi-
azolyl group, an oxazolyl group, an isoxazolyl group, a
thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group,
a naphthyridinyl group, a quinoxalinyl group, a qui-
nazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a benzoacridinyl group, a
benzophenanthrenyl group, a dibenzophenanthrenyl
group, a benzophenanthridinyl group, a dibenzo-
phenanthridinyl group, an indenophenanthrenyl group,
an indolophenanthrenyl group, a benzofuranophenan-
threnyl group, a benzothiophenanthrenyl group, a ben-
zosilolephenanthrenyl group, an indenophenanthridi-
nyl group, an indolophenanthridinyl group, a
benzofuranophenanthridinyl group, a benzothio-
phenanthridinyl group, a benzosilolephenanthridinyl
group, a dinaphthofuranyl group, a dinaphthothiophe-
nyl group, a dinaphthosilolyl group, a dinaphthopyrro-
lyl group, a benzoanthracenyl group, a phenanthrolinyl
group, a phenazinyl group, a benzimidazolyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group;

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluorantheny! group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group,
a thiophenyl group, a furanyl group, a carbazolyl
group, an indolyl group, an isoindolyl group, a benzo-
furanyl group, a benzothiophenyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothi-
azolyl group, an oxazolyl group, an isoxazolyl group, a
thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinoliny! group, a phthalazinyl group,
a naphthyridinyl group, a quinoxalinyl group, a qui-
nazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a benzoacridinyl group, a
benzophenanthrenyl group, a dibenzophenanthrenyl
group, a benzophenanthridinyl group, a dibenzo-
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phenanthridinyl group, an indenophenanthrenyl group,
an indolophenanthrenyl group, a benzofuranophenan-
threnyl group, a benzothiophenanthrenyl group, a ben-
zosilolephenanthrenyl group, an indenophenanthridi-
nyl group, an indolophenanthridinyl group, a
benzofuranophenanthridinyl group, a benzothio-
phenanthridinyl group, a benzosilolephenanthridinyl
group, a dinaphthofuranyl group, a dinaphthothiophe-
nyl group, a dinaphthosilolyl group, a dinaphthopyrro-
lyl group, a benzoanthracenyl group, a phenanthrolinyl
group, a phenazinyl group, a benzimidazolyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group, each substi-
tuted with at least one selected from deuterium, —F,
—Cl1, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C,, alkyl group, a C;-C,,
alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a thiophenyl group, a fura-
nyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothio-
phenyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl
group, an imidazolyl group, a pyrazolyl group, a thi-
azolyl group, an isothiazolyl group, an oxazolyl group,
an isoxazolyl group, a thiadiazolyl group, an oxadiaz-
olyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxaliny] group, a quinazolinyl group, a cinnolinyl
group, a phenanthridinyl group, an acridinyl group, a
benzoacridinyl group, a benzophenanthrenyl group, a
dibenzophenanthrenyl group, a benzophenanthridinyl
group, a dibenzophenanthridinyl group, an indeno-
phenanthrenyl group, an indolophenanthrenyl group, a
benzofuranophenanthrenyl group, a benzothiophenan-
threnyl group, a benzosilolephenanthrenyl group, an
indenophenanthridinyl group, an indolophenanthridi-
nyl group, a benzofuranophenanthridinyl group, a ben-
zothiophenanthridinyl group, a benzosilolephenan-
thridinyl group, a dinaphthofuranyl group, a
dinaphthothiopheny! group, a dinaphthosilolyl group, a
dinaphthopyrrolyl group, a benzoanthracenyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimi-
dazolyl group, an isobenzothiazolyl group, a benzox-
azolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an imidazopyridinyl group,
an imidazopyrimidinyl group, and an azacarbazolyl
group; and

SIQL(Q)Qy), —CE=0)Qy) —S(=0),Qy). and
—P(:O)(Q4)(Q5),

wherein Q, to Q, are each independently selected from
hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group,
a hydrazino group, a hydrazono group, a C,-C, alkyl
group, a C,-Cg, alkenyl group, a C,-C,, alkynyl group,
a C,-Cq, alkoxy group, a C;5-C,, cycloalkyl group, a
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C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C,-Cqg,
aryl group, a C,-C,, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group, a
biphenyl group, a terphenyl group, and a naphthyl
group.

9. The heterocyclic compound as claimed in claim 1,

1o Wherein Ar in Formula 3 is a group represented by one of the
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following Formulae 6-1 to 6-37:
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7z TR
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Formula 6-5
%
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Formula 6-8

(Z31).6
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Formula 6-9

Formula 6-10

Formula 6-11

Formula 6-12

Formula 6-13

Formula 6-14

Formula 6-15

Formula 6-16
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Formula 6-17

Formula 6-18

Formula 6-19

Formula 6-20

Formula 6-21

Formula 6-22
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Formula 6-23

Formula 6-24

Formula 6-25

Formula 6-26

Formula 6-27

Formula 6-28

Formula 6-29
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-continued
Formula 6-30

Formula 6-31

Formula 6-32
Formula 6-33

Formula 6-34

Formula 6-35

Formula 6-36

) Formula 6-37
(Z3D) 2

A

wherein, in Formulae 6-1 to 6-37,

Y;,, Y55 and Ys,, are each independently O, S, C(Z,5)
(Z36), N(Zs5), or Si(Z33)(Zs0),

Y., Yi,, Yy, and Y, are each independently C(Z, ;) or
N,

74, to 75, are each independently selected from deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a cyclopentyl group, a cyclo-
hexyl group, a cycloheptyl group, a cyclopentenyl
group, a cyclohexenyl group, a phenyl group, a biphe-
nyl group, a terphenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, an azulenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-bifluorenyl group, a spiro-benzofluo-
rene-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl
group, a perylenyl group, a pentacenyl group, a pyrro-
lyl group, a thiophenyl group, a furanyl group, a silolyl
group, an imidazolyl group, a pyrazolyl group, a thi-
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azolyl group, an isothiazolyl group, an oxazolyl group,
an isoxazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an
indolyl group, an isoindolyl group, an indazolyl group,
a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, an isoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxaliny] group, a benzoquinoxalinyl group, a qui-
nazolinyl group, a benzoquinazoliny! group, a cinnoli-
nyl group, a phenanthridinyl group, an acridinyl group,
a phenanthrolinyl group, a phenazinyl group, a benz-
imidazolyl group, a benzofuranyl group, a benzothio-
phenyl group, a benzosilolyl group, a benzothiazolyl
group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a naphthobenzofuranyl group,
a naphthobenzothiophenyl group, a naphthobenzosi-
lolyl group, a dibenzocarbazolyl group, a dinaphtho-
furanyl group, a dinaphthothiophenyl group, a dinaph-
thosilolyl group, a thiadiazolyl group, an
imidazopyridinyl group, an imidazopyrimidinyl group,
an oxazolopyridinyl group, a thiazolopyridinyl group, a
benzonaphthyridinyl group, an azafluorenyl group, an
azaspiro-bifluorenyl group, an azacarbazolyl group, an
azadibenzofuranyl group, an azadibenzothiophenyl
group, an azadibenzosilolyl group, an indenopyrrolyl
group, an indolopyrrolyl group, an indenocarbazolyl
group, an indolocarbazolyl group, a benzoacridinyl
group, a benzophenanthrenyl group, a di benzophenan-
threnyl group, a benzophenanthridinyl group, a diben-
zophenanthridinyl group, an indenophenanthrenyl
group, an indolophenanthrenyl group, a benzofurano-
phenanthrenyl group, a henzothiophenanthrenyl group,
a benzosilolephenanthreny! group, an indenophenan-
thridinyl group, an indolophenanthridinyl group, a ben-
zofuranophenanthridinyl group, a benzothiophenan-
thridinyl group, a benzosilolephenanthridinyl group, a
dinaphthopyrrolyl group, a benzoanthracenyl group,
and —S1(Q3)(Q32)(Qs33), in which Qs to Qs are each
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C, alkyl group, a C,-C, alk-
enyl group, a C,-C,, alkynyl group, a C,-Cg, alkoxy
group, a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a CgCq, aryl group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, a biphenyl
group, a terphenyl group, and a naphthyl group,

e2 is an integer of 0 to 2,

€3 is an integer of 0 to 3,

e4 is an integer of 0 to 4,

e5 1s an integer of Oto 5,

e6 is an integer of 0 to 6, and

* indicates a binding site to a neighboring atom.

10. The heterocyclic compound as claimed in claim 9,
wherein Ar is a group represented by one of Formulae 6-1
to 6-6, 6-13 10 6-29, 6-31, 6-32, and 6-37.

11. The heterocyclic compound as claimed in claim 1,
wherein Ar in Formula 3 is a group represented by one of the
following Formulae 7-1 to 7-25:

10

15

20

25

30

35

40

45

50

55

60

65

188

RS

@]
Z,

@]
Z

0

F
x>
Z

%

*

Z,
/>7*
Z

b

3* L)
O .

/

Z,

\

Formula 7-1

Formula 7-2
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Formula 7-7
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Formula 7-11

Formula 7-12

Formula 7-13

Formula 7-14

Formula 7-15

Formula 7-16

Formula 7-17
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Formula 7-18

Formula 7-19

Formula 7-20

Formula 7-21

Formula 7-22

Formula 7-23
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Formula 7-24 Formula 2C

R3

N/

Ry
10
O 6]
&
15 Formula 2D
Formula 7-25
20
25
Formula 2E
30
wherein * in Formulae 7-1 to 7-25 indicates a binding site
to a neighboring atom.
12. The heterocyclic compound as claimed in claim 1, 33
wherein A, is a group represented by one of teh following
Formulae 2A to 2F:
0 Formula 2F

Formula 2A 4

45

50

Formula 2B 55  wherein, in Formulae 2A to 2F,
X, and X, are each independently O or S,
R, to R}, are each independently selected from a binding
site to A,, hydrogen, deuterium, —F, —Cl, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an
60 amidino group, a hydrazino group, a hydrazono group,
a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a
substituted or unsubstituted C,-C, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
65 substituted or unsubstituted C,-C, , cycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
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enyl group, a substituted or unsubstituted C,-C,, het- _continued
erocycloalkenyl group, a substituted or unsubstituted
Ce-Cq aryl group, a substituted or unsubstituted
CsCq, aryloxy group, a substituted or unsubstituted
Cy4-Cy, arvlthio group, a substituted or unsubstituted 3
C,-Cy heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, —Si(Q,)(Q,)Qs),
and —S(=—0),(Q,), in which Q, to Q; are each inde-
pendently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C, alkyl group, a C,-C,, alk-
enyl group, a C,-Cq, alkynyl group, a C,-Cq, alkoxy
group, a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy4-Cq, aryl group, a
C,-C¢, heteroaryl group, a monovalent non-aromatic 20
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, a biphenyl
group, a terphenyl group, and a naphthyl group.

10

15

13. The heterocyclic compound as claimed in claim 12,

wherein R in Formulae 2A to 2F is a binding site to A,. »

14. The heterocyclic compound as claimed in claim 12,
wherein X, and X, in Formula 2A to 2F are O.
15. The heterocyclic compound as claimed in claim 1,

wherein the heterocyclic compound represented by Formula
1 is one of the following Compounds 1 to 72 and 74 to 138:
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232
16. 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 comprises an emission layer,
wherein the organic layer includes the heterocyclic com-

pound as claimed in claim 1.

17. The organic light-emitting device as claimed in claim
, wherein:

the first electrode is an anode,

the second electrode is a cathode, and

the organic layer includes:

a hole transport region between the first electrode and
the emission layer, the hole transport region includ-
ing at least one selected from a hole injection layer,
a hole transport layer, a buffer layer, and an electron
blocking layer, and

an electron transport region between the emission layer
and the second electrode, the electron transport
region including at least one selected from a hole
blocking layer, an electron transport layer, and an
electron injection layer.

18. The organic light-emitting device as claimed in claim
17, wherein at least one of the electron transport region and
the emission layer includes the heterocyclic compound.

19. The organic light-emitting device as claimed in claim
17, wherein:

the electron transport region includes the electron trans-
port layer or the electron injection layer, and

the electron transport layer or the electron injection layer
includes heterocyclic compound.

20. The organic light-emitting device as claimed in claim
18, wherein the emission layer further includes a pyrene-
based compound, an arylamine compound, or a styryl-based
compound.
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