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

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2015-0048326, filed on
Apr. 6, 2015, in the Korean Intellectual Property Office, and
entitled: “Condensed-Cyclic Compound and Organic Light
Emitting Device Including the Same,” is incorporated by
reference herein in its entirety.

BACKGROUND

1. Field

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

2. Description of the Related Art

Organic light-emitting devices (OLEDs) are self-emission
devices that have wide viewing angles, high contrast ratios,
and short response times. In addition, the OLEDs exhibit
excellent luminance, driving voltage, and response speed
characteristics, and produce full-color images.

The organic light-emitting device may include a first
electrode disposed on a substrate, and a hole transport
region, an emission layer, an electron transport region, and
a second electrode, which are sequentially disposed on the
first electrode. Holes provided from the first electrode may
move toward the emission layer through the hole transport
region, and electrons provided from the second electrode
may move toward the emission layer through the electron
transport region. The holes and the electrons are recombined
in the emission layer to produce excitons. These excitons
change from an excited state to a ground state to thereby
generate light.

SUMMARY

Embodiments are directed to a condensed-cyclic com-
pound and an organic light-emitting device including the
same.

Additional aspects will be set forth in part in the descrip-
tion which follows and, in part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

According to one or more exemplary embodiments, a
condensed-cyclic compound represented by Formula 1 is
provided:

<Formula 1>
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-continued
<Formula 2A>
(Ri3)e13
| b
/
<Formula 2B>
X2

wherein in Formulae 1, 2A, and 2B,

ring A, and ring A, are each independently selected from
a benzene, a naphthalene, a pyridine, a pyrimidine, a pyra-
Zine, a quinoline, an isoquinoline, a quinoxaline, a quinazo-
line, and a cinnoline,

ring A, is selected from a group represented by Formula
2A and a group represented by Formula 2B,

Xy 18 NA{(L1 a1 -(Ryypn s O, or S,

X5 18 N-[(L12)a12-(R12)p12], O, or S,

L, and L, are each independently a substituted or unsub-
stituted condensed polycyclic group, in which at least three
carbocyclic groups are condensed to one another,

al and a2 are each independently an integer selected from
1to 5, and when al is 2 or greater, a plurality of ;s may be
identical to or different from each other, and when a2 is 2 or
greater, a plurality of L,s are identical to or different from
each other,

L,, to L,, are each independently selected from a substi-
tuted or unsubstituted C,-C,,, cycloalkylene group, a sub-
stituted or unsubstituted C,-C, , heterocycloalkylene group,
a substituted or unsubstituted C,-C,, cycloalkenylene
group, a substituted or unsubstituted C,-C, , heterocycloalk-
enylene group, a substituted or unsubstituted C,-C, arylene
group, a substituted or unsubstituted C,-Cg, heteroarylene
group, a substituted or unsubstituted divalent non-aromatic
condensed polycyclic group, and a substituted or unsubsti-
tuted divalent non-aromatic condensed heteropolycyclic
group,

all and al2 are each independently an integer selected
from 1 to 5, and when all is 2 or greater, a plurality of L,
1s are identical to or different from each other, and when al2
is 2 or greater, a plurality of L, ,s are identical to or different
from each other,

R,, is selected from a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C,-Cg, heteroaryl group, and a substituted or unsub-
stituted monovalent non-aromatic condensed heteropolycy-
clic group;

b1l is an integer selected from 1 to 4;

R, to Ry, Ry, and R are each independently selected
from a hydrogen, a deuterium, —F, —CI, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof] a substi-
tuted or unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-Cy, alkenyl group, a substituted or unsub-
stituted C,-Cy, alkynyl group, a substituted or unsubstituted
C,-Cg, alkoxy group, a substituted or unsubstituted C5-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,o cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cq, aryl group, a substituted or unsubstituted
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Cs-Co 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, a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolyeyclic group, —N(Q, XQ,). — Si(Q,)Q4)(Qs), and

—B(Q)Q));
bl, b2, bS, b6, and b12 are each independently an integer

selected from O to 4;

b3 and b4 are each independently an integer selected from
0 to 6;

b131is O, 1, or 2;

cl and c2 are each independently an integer selected from
0 to 4, and cl+c2 is 1 or greater,

at least one substituent of the substituted condensed
polycyclic group, substituted C;-C,, cycloalkylene group,
substituted C,-C,, heterocycloalkylene group, substituted
C;-C,, cycloalkenylene group, substituted C,-C, , heterocy-
cloalkenylene group, substituted C4-Cy, arylene group, sub-
stituted C,-Cg, heteroarylene group, substituted divalent
non-aromatic condensed polycyclic group, substituted diva-
lent non-aromatic condensed heteropolycyclic group, sub-
stituted C,-Cq4, alkyl group, substituted C,-Cg, alkenyl
group, substituted C,-Cg, alkynyl group, substituted C,-Cy,
alkoxy group, substituted C;-C,, cycloalkyl group, substi-
tuted C,-C,, heterocycloalkyl group, substituted C;-C,,
cycloalkenyl group, substituted C,-C,, heterocycloalkenyl
group, substituted Cy4-Cg, aryl group, substituted C,-Co,
aryloxy group, substituted C4-C, arylthio group, substituted
C,-Cy4, heteroaryl group, substituted monovalent non-aro-
matic condensed polycyclic group, and substituted monova-
lent non-aromatic condensed heteropolycyclic group is
selected from

a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cg,
alkyl group, a C,-Cg, alkenyl group, a C,-Cy, alkynyl group,
and a C,-C, 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 a deuterium, —F, —CI, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group. a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a C4-Cqy
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, —N(Q;;)(Q;2): —Si(Q15)(Q14)(Q5). and
—B(Q16)(Q17);

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 Cy-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,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cy-Cq, 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 a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-Cg, alkyl group, a C,-Cg, alkenyl
group, a C,-Cy, alkynyl group, a C,-Cq, alkoxy group, a
C;-Cq cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C,-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cg, aryl group, a C4-Cq, aryloxy group, a
CsCy, arylthio group, a C,-Cy, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,

—N(Q)(Qz2), —S1(Q23)(Q24)(Qs5), and —B(Q16)(Qs7);

and

—N(Q;)(Qs5). —Si(Q33)(Q3.)(Qs5), and  —B(Q5)
Qs7);

wherein Q, to Q;, Q;; 10 Q;7, Q;; 10 Qy7, and Q10 Qy;
are each independently selected from a hydrogen, a deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, a C,-Cg, alkyl group, a C,-C,, alkenyl
group, a C,-Cq, alkynyl group, a C,-Cg, alkoxy group, a
C;-C, cycloalkyl group, a C,-C, , heterocycloalkyl 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, and
a monovalent non-aromatic condensed heteropolycyclic
group.

According to one or more exemplary embodiments, an
organic light-emitting device 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; wherein
the organic layer includes at least one condensed-cyclic
compound described above.

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:

FIGS. 1 to 4 illustrate schematic views of an organic
light-emitting device according to an exemplary 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 substrate, or intervening layers may
also be present. Further, it will be understood that when a
layer is referred to as being “under” another layer, it can be
directly under, and one or more intervening layers may also



US 10,186,666 B2

5

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.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list
of elements, modify the entire list of elements and do not
modify the individual elements of the list.

A condensed-cyclic compound may be represented by
Formula 1:

<Formula 1>

Reos

In Formula 1, each of rings A, and A, may be fused to a
neighboring 5-membered ring by sharing carbons with the
neighboring 5-membered ring. In an implementation, For-
mula 1, ring A, and ring A, may each independently be
selected from or include, e.g., a benzene group, a naphtha-
lene group, a pyridine group, a pyrimidine group, a pyrazine
group, a quinoline group, an isoquinoline group, a quinoxa-
line group, a quinazoline group, and a cinnoline group.

For example, in Formula 1, ring A and ring A, may each
independently be selected from or include, e.g., a benzene,
a naphthalene, a pyridine, a quinoline, and an isoquinoline.

In some embodiments, in Formula 1,

ring A, may be a benzene or a pyridine, and ring A, may
be selected from a benzene, a naphthalene, a pyridine, a
quinoline, and an isoquinoline; or

ring A, may be selected from a naphthalene, a quinoline
and an isoquinoline, and ring A, may be a benzene or a
pyridine.

In Formula 1, ring A; may be fused to two neighboring
S-membered rings by sharing carbons thereof. In Formula 1,
ring A; may be or include a group represented by Formula
2A or a group represented by Formula 2B.

<Formula 2A>

(Riz)a13

~
N

Vs

R,;and b, in Formula 2A and X, in Formula 2B may be
the same as the descriptions provided herein.

In an implementation, in Formula 1, ring A; may be a
group represented by Formula 2A.

<Formula 2B>
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In Formula 1, X; may be N-[(L;,),;;-(R,,)p11], O, or S,
and, in Formula 2B, X, may be N-[(L,,),,;5-(R;5)12], O, or
S.

For example, in Formula 1, X, may be N-[(L,;),;;-
RyiDeiil-

In Formula 1, L, and L, may each independently be or
include, e.g., a substituted or unsubstituted condensed poly-
cyclic group, in which at least three carbocyclic groups are
condensed to one another. In an implementation, [, and L,
may include a ring-forming atom that includes carbon and
does not include a heteroatom (e.g., N, O, S, or P, and the
like). In an implementation, a naphthylene group is a con-
densed polycyclic group including two carbocyclic groups
that are condensed to each other, and a naphthylene group
may not be included in L, and L. A pyridinylene group may
include N as a ring-forming atom, and a pyridinylene group
may not be included in L, and L,.

According to an embodiment, in Formula 1, L., and L,
may each independently be selected from:

an indacenylene group, an acenaphthylene group, a fluo-
renylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenalenylene
group, a phenanthrenylene group, an anthracenylene group,
a fluoranthenylene group, a triphenylenylene group, a pyre-
nylene group, a chrysenylene group, a naphthacenylene
group, a picenylene group, a perylenylene group, a penta-
phenylene group, a hexacenylene group, a pentacenylene
group, a rubicenylene group, a coronenylene group, and a
ovalenylene group; and

an indacenylene group, an acenaphthylene group, a fluo-
renylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenalenylene
group, a phenanthrenylene group, an anthracenylene group,
a fluoranthenylene group, a triphenylenylene group, a pyre-
nylene group, a chrysenylene group, a naphthacenylene
group, a picenylene group, a perylenylene group, a penta-
phenylene group, a hexacenylene group, a pentacenylene
group, a rubicenylene group, a coronenylene group, and a
ovalenylene group, each substituted with at least one
selected from a deuterium, —F, —Cl1, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,;-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
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a 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, a ovalenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridi-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
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phenazinyl group, a benzoimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, and —Si(Q;5)(Q54)(Qs5),

wherein Qs to Q;5 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group.

In some embodiments, in Formula 1, [, and [, may each
independently be selected from:

a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, and a perylenylene group; and

a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, and a perylenylene group, each substituted with at
least one selected from a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclopentenyl group, a cyclohexenyl group, a phenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a 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, a ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny] group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarzolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, and —Si(Q55)(Q54)(Qs5),

wherein Qs to Q35 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group.

In Formula 1, al and a2 may each independently be an
integer selected from 1 to 5. When al is 2 or greater, a
plurality of L, may be identical to or different from each
other, and when a2 is 2 or greater, a plurality of L, may be
identical to or different from each other. For example, in
Formula 1, “L,” is essentially included in a group repre-
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sented by *-[(L),,~(R,),; ], and “L,” is essentially included
in a group represented by *-[(L,),»-(R,)zz.

In some embodiments, in Formula 1, al and a2 may each
independently be 1 or 2, or al and a2 may be 1.

In the formulae above, L,; and [,, may each indepen-
dently be selected from or include, e.g., a substituted or
unsubstituted C,-C,, cycloalkylene group, a substituted or
unsubstituted C,-C,, heterocycloalkylene group, a substi-
tuted or unsubstituted C,-C,, cycloalkenylene group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenylene
group, a substituted or unsubstituted C,-C, arylene group,
a substituted or unsubstituted C,-Cg,, heteroarylene group, a
substituted or unsubstituted divalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted
divalent non-aromatic condensed heteropolycyclic group.

In some embodiments, L, and L, may each indepen-
dently 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-fluorenylene 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 pyrrolylene group, a thio-
phenylene group, a furanylene group, an imidazolylene
group, a pyrazolylene group, a thiazolylene group, an iso-
thiazolylene group, an oxazolylene group, an isoxazolylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, an isoindolylene
group, an indolylene group, an indazolylene group, a puri-
nylene group, a quinolinylene group, an isoquinolinylene
group, a benzoquinolinylene group, a phthalazinylene
group, a naphthyridinylene group, a quinoxalinylene group,
a quinazolinylene group, a cinnolinylene group, a carba-
zolylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzoimidazolylene group, a benzofuranylene group, a
benzothiophenylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an oxadiazolylene
group, a triazinylene group, a dibenzofuranylene group, a
dibenzothiophenylene group, a benzocarbazolylene group, a
dibenzocarbazolylene group, a thiadiazolylene group, an
imidazopyridinylene group, an imidazopyrimidinylene
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-fluorenylene 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, a ovalenylene group, a pyrrolylene group, a thiophe-
nylene group, a furanylene group, an imidazolylene group,
a pyrazolylene group, a thiazolylene group, an isothiaz-
olylene group, an oxazolylene group, an isoxazolylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, an isoindolylene



US 10,186,666 B2

9

group, an indolylene group, an indazolylene group, a puri-
nylene group, a quinolinylene group, an isoquinolinylene
group, a benzoquinolinylene group, a phthalazinylene
group, a naphthyridinylene group, a quinoxalinylene group,
a quinazolinylene group, a cinnolinylene group, a carba-
zolylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzoimidazolylene group, a benzofuranylene group, a
benzothiophenylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an oxadiazolylene
group, a triazinylene group, a dibenzofuranylene group, a
dibenzothiophenylene group, a benzocarbazolylene group, a
dibenzocarbazolylene group, a thiadiazolylene group, an
imidazopyridinylene group, and an imidazopyrimidinylene
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,,, alkyl group,
a C,-C,, alkoxy group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a phenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, an azulenyl group, a
heptalenyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a naphthacenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a hexaceny! group, a pentacenyl
group, a rubicenyl group, a coronenyl group, a ovalenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a thiadiazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, and —Si(Q;5)(Qs4)
(Q35)7

wherein Q5 to Q;5 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group.

In some embodiments, I, and L., may each independently
be a group represented by one of the following Formulae
3-8, 3-9, 3-25, and 3-35 to 3-41, and L, | and L, may each
independently be a group represented by one of the follow-
ing Formulae 3-1 to 3-41:
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Formula 3-11
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Formula 3-31
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Formula 3-37

Formula 3-38

Formula 3-39

Formula 3-40

Formula 3-41

Z2)as

In Formulae 3-1 to 3-41,
Y, may be O, S, C(Z;)(Z,), N(Zs), or Si(Z)(Z,);
7, to 7, may each independently be selected from a
65 hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
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carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, a fluorenyl group, a spiro-fluorenyl group, a benzo-
fluorenyl group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a pyreny! group, a chrysenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, a triazinyl group, and —Si(Q;;)(Qs,4)
(Q3S)s

wherein Q5 to Q5 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group;

d2 may be 1 or 2;

d3 may be an integer selected from 1 to 3;

d4 may be an integer selected from 1 to 4;

d5 may be an integer selected from 1 to 5;

d6 may be an integer selected from 1 to 6;

d8 may be an integer selected from 1 to 8; and

* and *' are each a binding site to a neighboring atom.

In some embodiments, L, and L, may each independently
be a group represented by one of the following Formulae
4-11,4-13,4-27, and 4-29 to 4-35, and L |, and L, may each

independently be a group represented by one of the follow-
ing Formulae 4-1 to 4-35.
Formula 4-1
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Formula 4-32
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Formula 4-33
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Formula 4-34
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Formula 4-35
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In Formulae 4-1 to 4-35, * and *' are each a binding site
to a neighboring atom.

In the formulae above, all and al2 may each indepen-
dently be an integer selected from 0 to 5. When all is 2 or
greater, a plurality of L.;; may be identical to or different
from each other, and when al2 is 2 or greater, a plurality of
L,, may be identical to or different from each other.

In some embodiments, in the formulae above, all and al2
may each independently be 0, 1, or 2, e.g., O or 1.

In the formulae above, R, may be selected from or
include, e.g., a substituted or unsubstituted C,-C,, hetero-
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
C,-Cg, heteroaryl group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group.

In some embodiments, R,, may be selected from a pyr-
rolyl group, a thiophenyl group, a furanyl group, an imida-
zolyl group, a pyrazolyl group, a thiazolyl group, an isothi-
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azolyl group, an oxazolyl group, an isoxazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
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 benzoimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarzolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group; and

a pyrrolyl group, a thiophenyl group, a furanyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
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 benzoimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarzolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group, each substituted with at least
one selected from a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, a phenanthrenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthrolinyl group, a benzoimidazolyl group, a ben-
zofuranyl group, a benzothiophenyl group, an isobenzothi-
azolyl group, and a benzoxazolyl group.

In some embodiments, R,, may be a group represented by
one of the following Formulae 5-1 to 5-60.
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Formula 5-46
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In Formulae 5-1 to 5-60,

Z,, and Z,, may each independently be selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenanthrenyl group, an anthracenyl group, a pyrenyl group,
a chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, a triazinyl group, a biphenyl
group, a terphenyl group, and —Si(Q;3)(Q.)(Q;5),

wherein Q, ; to Q, 5 may each independently be selected
from a C,-C,, alkyl group, a C,-C |, alkoxy group, a phenyl
group, and a naphthyl group;

€2 may be 1 or 2;

€3 may be an integer selected from 1 to 3;

e4 may be an integer selected from 1 to 4;

e5 may be an integer selected from 1 to 5;

e6 may be an integer selected from 1 to 6;

€7 may be an integer selected from 1 to 7,

e8 may be an integer selected from 1 to §;

€9 may be an integer selected from 1 to 9; and

* is a binding site to a neighboring atom.

In some embodiments, R |, may be a group represented by
one of the following Formulae 6-1 to 6-117.

Formula 6-1
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Formula 6-22
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Formula 6-34
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Formula 6-48
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In the formulae above, b1l may be an integer selected
from 1 to 4. For example, in the formulae above, b1l may
be 1 or 2.

In some embodiments, in the formulae above, b11 may be
1.

In the formulae above, R; to R, R;,, and R,; may each
independently be selected from or include, e.g., a hydrogen,
adeuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a substituted or unsubstituted C,-Cy,
alkyl group, a substituted or unsubstituted C,-C, alkenyl
group, a substituted or unsubstituted C,-C, 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-Cy, aryl group, a
substituted or unsubstituted C,-C,, 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, —N(Q, )(Q,),
—Si(Q3)(Q4)(Qs), and —B(Q4)(Q7).

For example, in the formulae above, R, to R¢, R,,, and
R,; may be each independently selected from

ahydrogen, a deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, 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 a deuterium, —F,
—Cl, —Br, —1, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, and a
phosphoric acid group or a salt thereof;

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl 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 pyrrolyl
group, a thiophenyl group, a furanyl 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 isoindolyl group, an indolyl group, an indazolyl
group, a purinyl 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 carbazolyl group, a phenan-
thridinyl group, an acridiny] group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
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nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group; and

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl 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, a ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furany! 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 isoindolyl group, an indolyl group, an indazolyl
group, a purinyl 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 carbazolyl group, a phenan-
thridinyl group, an acridiny! group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group a dibenzosilolyl group, a thiadiazolyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclopentenyl group, a cyclohexenyl
group, a phenyl group, a pentalenyl group, an indenyl group,
a naphthyl group, an azulenyl group, a heptalenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl 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, a ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group. a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
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group, a thiadiazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, and —Si(Q;;)(Q54)(Q55); and

—SIQ5)QQs)

wherein Q; to Qs and Q5 to Q45 may each independently
be selected from a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, and a naphthyl group.

In some embodiments, in the formulae above, R, to Ry,
R,,, and R, ; may each independently be selected from:

ahydrogen, a deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, and a C,-C,, alkoxy group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an
isoxazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a benzofuranyl group, a benzothio-
phenyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
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nyl group, an imidazopyridinyl group, an imidazopyrimidi-
nyl group, and —Si(Q33)(Q34)(Qs5);
—Si(Q3(Q)(Qs).

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

In some embodiments, in the formulae above, R, to Ry,
R,,, and R,; may each independently be selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nhitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a group
represented by one of the following Formulae 5-1 to 5-80,
and —S1(Q;)(Q,)(Qs), wherein Q; to Q, may each indepen-
dently be selected from a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, and a naphthyl group.
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Formula 5-80

In Formulae 5-1 to 5-80,

Yy, may be O, S, C(Z,3)(Z14), N(Zy5), or Si(Z,6)(Z,7);

Z,, and Z,, may each independently be selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C4, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenanthrenyl group, an anthracenyl group, a pyrenyl group,
a chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, a triazinyl group, a biphenyl
group, a terphenyl group, and —Si(Q;3)(Q14)(Qs),

wherein Q, 5 to Q,5 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group;

€2 may be 1 or 2;

e3 may be an integer selected from 1 to 3;

e4 may be an integer selected from 1 to 4;

e5 may be an integer selected from 1 to 5;

eb may be an integer selected from 1 to 6;

e7 may be an integer selected from 1 to 7,

e8 may be an integer selected from 1 to §;
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€9 may be an integer selected from 1 to 9; and
* is a binding site to a neighboring atom.

In some embodiments, in the formulae above, R, to Ry,
R,,, and R,; may each independently be selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a group
represented by one of the following Formulae 6-1 to 6-157,
and —Si(Q;)(Q,)(Qs5), wherein Q5 to Q5 may each indepen-
dently be selected from a C,-C,, alkyl group, a C,-C,,

alkoxy group, a phenyl group, and a naphthyl group.
Formula 6-1
* N.
\ |/ AN
/
Formula 6-2
\ |/\N
/
Formula 6-3
\ /}
A
\/
Formula 6-4
* N
W AN
N Z
Formula 6-5
* N
| X
> N
Formula 6-6
)
A
N
Formula 6-7
* N
A
N\/N
Formula 6-8
* N
| X
/
Formula 6-9

Z

ofe
55

Formula 6-10

Z =

[

10

15

20

25

30

35

40

45

50

55

60

65

56

-continued

x
IN/
* N,
x
\EN/
N
|/
|\
N A

/

\

/

\

/
/

\

D,

/

g

Formula 6-11

Formula 6-12

Formula 6-13

Formula 6-14

Formula 6-15

Formula 6-16

Formula 6-17

Formula 6-18

Formula 6-19



57

-continued

US 10,186,666 B2

Formula 6-20

10
Formula 6-21

15

Formula 6-22 20

25

Formula 6-23

35

Formula 6-24

40

45

Formula 6-25

50

55

Formula 6-26

60

65

/

\

N7 \ 7/

\
=

\

/

58

-continued
Formula 6-27

Formula 6-28

Formula 6-29

Formula 6-30

Formula 6-31

Formula 6-32



\ 7/ \ /

/
=

N

\
=

Vs
=

R W

N

Z,

Z
7 N\ _4

N

Z,

Z,

¢

59

-continued

US 10,186,666 B2
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wherein, in Formulae 6-1 to 6-157, * is a binding site to
a neighboring atom.

In some embodiments, in the formulae above,

R, to R and R, ; may each independently be selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-Cy, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, and —Si(Q;)(Q,)(Qs), and

R,,R,, and R, , may each independently be selected from
or include 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-Ceo aryl group, a substituted or unsubstituted C¢-Cg,
aryloxy group, a substituted or unsubstituted C-Cg, arylthio
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group (e.g., a group represented by one of
Formulae 5-1 to 5-80, or, e.g., a group represented by one of
Formulae 6-1 to 6-157).
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In some embodiments, in the formulae above,
R; to Rg and R, ; may be a hydrogen,

R,, R,, and R,, may each independently be a group
represented by one of Formulae 5-1 to 5-80 (e.g., a group
represented by one of Formulae 6-1 to 6-157).

In the formulae above, bl, b2, b5, b6, and b12 may each
independently be an integer selected from 0 to 4, b3 and b4
may each independently be an integer selected from 0 to 6,
and b13 may be 0, 1, or 2.

For example, in the formulae above, bl, b2, and b12 may
each independently be O, 1, or 2, e.g., 1 or 2.

In some embodiments, in the formulae above, b1, b2, and
b12 may be 1.

In some embodiments, in the formulae above, b3 to b6
and b13 may each independently be 0, 1, or 2, e.g., 0 or 1.

In Formula 1, ¢l and ¢2 may each independently be an
integer selected from O to 4, and c1+c2 may be 1 or greater.
For example, at least one of a group represented by
“[(L)y,-(R,),,] and a group represenied by *[(L,),,-
(R,),,] may be essentially present in Formula 1.

In some embodiments, in Formula 1, c1+c2 may be 1 or
2.

In some embodiments, in Formula 1,
¢l may be 1, and ¢2 may be 0;

cl may be 1, and c2 may be 1; or
cl may be 0. and ¢2 may be 1.

In some embodiments, the condensed-cyclic compound
may be represented by one of Formulae 1A to 1E:

Formula 1A
PoA “—Ry)es
Rsks Rzl N o
[ R Lol
A V™
\ Ay "
[R)e—Loa m
(ReJss
Formula 1B
A (Ryz)sis
(Re)pq
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Formula 1C

(Riz)p13

Formula 1D

In Formulae 1A to 1E, ring A, ring A,, X,, X,, L, L,,
al,a2,L;,,L,,all,al2, R, o R, Ry to R 5, b1 to b6, b1l
to b13, cl, and c2 are the same as the descriptions provided
herein.

In some embodiments, in Formulae 1A to 1E,

ring A, may be a benzene or a pyridine, and ring A, may
be selected from a benzene, a naphthalene, a pyridine, a
quinoline, and an isoquinoline; or ring A; may be selected
from a naphthalene, a quinoline, and an isoquinoline, and
ring A, may be a benzene or a pyridine,

X, may be N-[(Ly;),1,-(Ry oy ]:

X, may be O or S,

L, and L, may each independently be a group represented
by one of Formulae 3-8, 3-9, 3-25, and 3-35 to 3-41 (e.g., a
group represented by one of Formulae 4-11, 4-13, 4-27, and
4-29 to 4-35),

al and a2 may be each independently 0, 1, or 2,

L,, may be a group represented by one of Formulae 3-1
to 3-41 (e.g., a group represented by one of Formulae 4-1 to
4-35),

all may be 0, 1, or 2,

R,, may be a group represented by one of Formulae 5-1
to 5-60 (e.g., a group represented by one of Formulae 6-1 to
6-117),
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bl may be 1 or 2,

R, and R, may each independently be a group represented
by one of Formulae 5-1 to 5-80 (e.g., a group represented by
one of Formulae 6-1 to 6-157),

bl and b2 may each independently be 1 or 2,

R, to Ryand R, ; may each independently be selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,,, alkoxy group, a phenyl
group, a naphthyl group, and —Si(Q3)(Q,)(Qs);

wherein Q, to Q, may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group;

b3 to b6 and b13 may each independently be 0, 1, or 2,
and

cl may be 1, and c2 may be 0; c1 may be 1, and c2 may
be 1; or ¢l may be 0, and c2 may be 1.

In some embodiments, the condensed-cyclic compound
may be represented by one of the following Formulae 1-1 to
1-7:

Formula 1-1

Formula 1-3

X34

=

X5 Xz
Il
X5

XZ

Rs)ps
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Formula 1-4

/ N\
[ (Rl)bl_(Ll)aler\/\ \ /

(Re)ss

wherein, in Formulae 1-1 to 1-7,

ring A;, X, X,, L, L,,al,a2, L, L, all,al2, Ry, R,
R, Rg, Ry to Ry 5, b1, b2, b5, b6, b1l to b13, and cl and c2
are the same as the descriptions provided herein,

X,, may be N or C(R;,), X,, may be N or C(R,,), X,;
may be N or C(R,3), X,, may be N or C(R,,), X,5 may be

60

65

80
N or C(R,5), X, may be N or C(R,), X5, may be N or
C(R;,), X5, may be N or C(R,,), X;; may be N or C(R;5),
X,, may be N or C(R,,), X;5 may be N or C(R55), and X5
may be N or C(R;4),

R, to R, are the same as defined in connection with R,
and

R, to Ry, are the same as defined in connection with R,,.

In some embodiments,

the number of nitrogen atoms of X, to X,, and X, to X5,
in Formula 1-1 may be 0, 1, or 2;

the number of nitrogen atoms of X, to X,, and X, 10 X,
in Formulae 1-2 to 1-4 may be 0, 1, or 2; and

the number of nitrogen atoms of X, to X, and X5, to X5
in Formulae 1-5 to 1-7 may be 0, 1, or 2.

In some embodiments,

the number of nitrogen atoms of X,, to X,, in Formulae
1-1to 1-4 may be 0 or 1;

the number of nitrogen atoms of X5, to X, in Formulae
1-1 and 1-5 to 1-7 may be O or 1;

the number of nitrogen atoms of X5, to X,¢ in Formulae
1-5to 1-7 may be 0 or 1; and

the number of nitrogen atoms of X5, to X, in Formulae
1-2to 1-4 may be 0 or 1.

For example, ring A; in Formulae 1-1 to 1-7 may be a
group represented by Formula 2A.

In some embodiments, in Formulae 1-1 to 1-7,

X may be N-[(L11),1,-(Ry)sn s

X, may be O or S,

L, and L, may each independently be a group represented
by one of Formulae 3-8, 3-9, 3-25, and 3-35 to 3-41 (e.g., a
group represented by one of Formulae 4-11, 4-13, 4-27, and
4-29 to 4-35);

al and a2 may each independently be 0, 1, or 2;

L,, may be a group represented by one of Formulae 3-1
to 3-41 (e.g., a group represented by one of Formulae 4-1 to
4-35);

all may be 0, 1, or 2;

R,, may be a group represented by one of Formulae 5-1
to 5-60 (e.g., a group represented by one of Formulae 6-1 to
6-117);

b1l may be 1 or 2;

R, and R, may each independently be a group represented
by one of Formulae 5-1 to 5-80 (e.g., a group represented by
one of Formulae 6-1 to 6-157);

b1 and b2 may each independently be 1 or 2;

R; to Rz and R |3 may each independently be selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, and —Si(Q,)(Q4)(Qs):

wherein Q; to Q; may each independently be selected
from a C,-C,, alkyl group, a C,-C |, alkoxy group, a phenyl
group, and a naphthyl group;

b3 to b6 and b13 may each independently be 0, 1, or 2;
and

cl may be 1, and c2 may be 0; c1 may be 1, and c2 may
be 1; or ¢l may be 0, and c2 may be 1.

In some embodiments, the condensed-cyclic compound

may be represented by one of the following Formulae 1(1)
to 1(42).
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wherein in Formulae 1(1) to 1(42),

X,,L,, L, al,a2, L ,,all, R, to R, R;;, Ry;, bl to b6,
bll, b13, cl, and ¢2 are the same as the descriptions
provided herein,

ba3 and bb3 may each independently be an integer
selected from 0 to 3,

bad and bb4 may each independently be an integer
selected from 0 to 4,

ba5 and bb5 may each independently be an integer
selected from O to 5, and

ba6 and bb6 may each independently be an integer
selected from 0 to 6.

In some embodiments, in Formulae 1(1) to 1(40),

X may be N-[(L;;),11-Ry )1

X, may be O or S,

L, and L, may each independently be a group represented
by one of Formulae 3-8, 3-9, 3-25, and 3-35 to 3-41 (e.g., a
group represented by one of Formulae 4-11, 4-13, 4-27, and
4-29 to 4-35);

al and a2 may each independently be selected from 0, 1,
and 2;

L,, may be a group represented by one of Formulae 3-1
to 3-41 (e.g., a group represented by one of Formulae 4-1 to
4-35),

all may be 0, 1, or 2;

R,, may be a group represented by one of Formulae 5-1
to 5-60 (e.g., a group represented by one of Formulae 6-1 to
6-117);

b1l may be 1 or 2;

R, and R, may each independently be a group represented
by one of Formulae 5-1 to 5-80 (e.g., a group represented by
one of Formulae 6-1 to 6-157);

b1 and b2 may each independently be 1 or 2;

R;to R and R |5 may each independently be selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-Cy, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, and —Si(Q;)(Q.)(Qs).

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

ba3, bb3, bad, bb4, bas, bb35, ba6, bb6, b5, and b6 may
each independently be 0, 1, or 2, and

¢l may be 1, and ¢2 may be 0; c1 may be 1, and ¢2 may
be 1; or cl may be 0, and c2 may be 1.

According to some embodiments, the condensed-cyclic
compound may be represented by one of the following
Formulae 1A-1 to 1A-3.

Formula 1A-1

_____

(Rs)ps

R3)p13
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In Formulae 1A-1 to 1A-3, ring A, ring A,, X, L}, Ly,,
all,al2, R, R, to R, R, to R 5, b3 to b6, b1l to b13, cl,
and c2 are the same as the descriptions provided herein.

In some embodiments, in Formulae 1A-1 to 1A-3, ring A,
and ring A, may each independently be selected from a
benzene, a naphthalene, a pyridine, a quinoline, and an
isoquinoline,

X, may be N-[(Ly;),1,-(Ry oy

L,, may be a group represented by one of Formulae 3-1
to 3-41 (e.g., a group represented by one of Formulae 4-1 to
4-35);

all may be 0, 1, or 2;

R,; may be a group represented by one of Formulae 5-1
to 5-60 (e.g., a group represented by one of Formulae 6-1 to
6-117);

b1l may be 1 or 2;

R, may be a group represented by one of Formulae 5-1 to
5-80 (e.g., a group represented by one of Formulae 6-1 to
6-157),

bl may be 1 or 2,

R; to Ry, Ry5, 7, and 7, may each independently be
selected from a hydrogen, a deuterium, —F, —CI, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,;-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, and a naphthyl group,

b3 to b6, b13, d4, d5, and d8 may each independently be
0,1, or 2.

In some embodiments, the condensed-cyclic compound
represented by Formula 1 may be one of the following
Compounds 1 to 36.
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The condensed-cyclic compound represented by Formula
1 may have a condensed-cyclic core, e.g., based on a
spirobifluorene. Therefore, a molecular structure of the
condensed-cyclic compound may be strongly tolerant with
respect to electrons. Thus, deterioration of a molecular
structure by electrons in a structure of the organic light-
emitting device may decrease, which may result in an
increase in lifespan of the organic light-emitting device.
Also, the condensed-cyclic compound may have a high
triplet (T1) energy level, a probability of collision between
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triplet excitons in the emission layer may increase, and thus
an efficiency of the organic light-emitting device may
improve due to a triplet-triplet annihilation (TTA) effect.

In the condensed-cyclic compound represented by For-
mula 1, when X, is N-[(L;}),11-(Ry1)p0:]s Ry may be
selected from a substituted or unsubstituted C,-C, , hetero-
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
C,-C,, heteroaryl group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group. For example, in Formula 1, when X, is N-[(L,,), ;-
(R;)p11], a heteroaryl group (e.g., an electron transporting
moiety) may be bount to a nitrogen atom. In this regard, the
condensed-cyclic compound represented by Formula 1 may
exhibit improved electron injection characteristics to an
emission layer, and thus exciton forming possibility in the
emission layer may increase, which may help improve
efficiency of the organic light-emitting device.

Also, in the condensed-cyclic compound represented by
Formula 1, L, and L, may each independently be a substi-
tuted or unsubstituted condensed polycyclic group, in which
at least three carbocyclic groups are condensed to one
another, and a heteroatom is not included as a ring-forming
atom, wherein al and a2 are respectively the numbers of L,
and L,, but al and a2 are not 0. For example, in Formula 1,
“L,” is essentially included in a group represented by
*[(L),-(R)),,], and/or “L,” is essentially included in a
group represented by *-[(L,),,~(R,),,]- Also, in Formula 1,
cl+c2 may be 1 or greater. For example, at least one of a
group represented by *-[(L,),,-(R,),;] and a group repre-
sented by *-[(L,).»-(R,),,] may be essentially present in
Formula 1. In this regard, the condensed-cyclic compound
represented by Formula 1 may help control an energy level
between a host and a dopant to be appropriate, exciton
energy generated from the host may be efficiently trans-
ferred, and thus efficiency of the organic light-emitting
device may improve.

The condensed-cyclic compound represented by Formula
1 may be synthesized by using a suitable organic synthetic
method. A method of synthesizing the condensed-cyclic
compound may be understood to one of ordinary skill in the
art by referring to examples used herein.

At least one of the condensed-cyclic compounds repre-
sented by Formula 1 may be used or included in between a
pair of electrodes in an organic light-emitting device. For
example, the condensed-cyclic compound may be included
in an emission layer. In some embodiments, the condensed-
cyclic compound represented by Formula 1 may be used as
a material for a capping layer, which is disposed on outer
sides of a pair of electrodes in an organic light-emitting
device.

Accordingly, there is provided an organic light-emitting
device including a first electrode; a second electrode facing
the first electrode; and an organic layer disposed between the
first electrode and the second electrode, wherein the organic
layer includes an emission layer and at least one condensed-
cyclic compound represented by Formula 1.

As used herein, the expression the “(organic layer)
includes at least one condensed-cyclic compound” may be
construed as meaning the “(organic layer) may include one
condensed-cyclic compound represented by Formula 1 or
two different condensed-cyclic compounds represented by
Formula 17.

For example, the organic layer may include only Com-
pound 1 as the condensed-cyclic compound. In this regard,
Compound 1 may be included in the emission layer of the
organic light-emitting device. In some embodiments, the
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organic layer may include Compound 1 and Compound 2 as
the condensed-cyclic compounds. In this regard, Compound
1 and Compound 2 may be situated in the same layer (for
example, both Compound 1 and Compound 2 may be
situated in an emission layer), or different layers (for
example, Compound 1 may be situated in a hole transport
layer, and Compound 2 may be situated in an emission
layer).

The organic layer may include 1) a hole transport region
disposed between the first electrode (anode) and the emis-
sion layer and includes at least one selected from a hole
injection layer, a hole transport layer, a buffer layer, and an
electron blocking layer and ii) an electron transport region
that is disposed between the emission layer and the second
electrode (cathode) and includes at least one selected from
a hole blocking layer, an electron transport layer, and an
electron injection layer. At least one selected from the hole
transport region and the emission layer may include at least
one condensed-cyclic compound represented by Formula 1.
For example, the emission layer of the organic light-emitting
device may include at least one of the condensed-cyclic
compounds represented by Formula 1. The condensed-
cyclic compound represented by Formula 1 in the emission
layer may serve as a host, and the emission layer may further
include a dopant. The dopant may be a phosphorescent
dopant or a fluorescent dopant. In some embodiments, the
dopant may be a fluorescent dopant.

The organic light-emitting device may further include at
least one selected from the first capping layer disposed in a
path of light emitted from the emission layer, allowing the
light to pass through to the outside after passing the first
electrode and the second capping layer disposed in a path of
light emitted from the emission layer, allowing the light to
pass through to the outside after passing the second elec-
trode, wherein the at least one selected the first capping layer
and the second capping layer may include at least one
condensed-cyclic compound.

In some embodiments, the organic light-emitting device
may have a structure of i) first electrode, organic layer,
second electrode, and second capping layer, ii) first capping
layer, first electrode, organic layer, and second electrode, or
iil) first capping layer, first electrode, organic layer, second
electrode, and second capping layer, wherein layers of each
structure are sequentially stacked in the stated order. At least
one selected from the first capping layer and the second
capping layer may include the condensed-cyclic compound.

As used herein, the term the “organic layer” refers to a
single and/or a plurality of layers disposed between the first
electrode and the second electrode in an 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 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, a structure and a method of manufacturing
the organic light-emitting device 10 according to an embodi-
ment will be described with reference to FIG. 1.

Referring to FIG. 1, a substrate may be additionally
disposed under the first electrode 110 or on the second
electrode 190. The substrate may be a glass substrate or
transparent plastic substrate, each with excellent mechanical
strength, thermal stability, transparency, surface smooth-
ness, ease of handling, and water resistance.

The first electrode 110 may be formed by depositing or
sputtering a material for forming the first electrode on the
substrate, When the first electrode 110 is an anode, the
material for the first electrode may be selected from mate-
rials with a high work function to make holes be easily
injected. The first electrode 110 may be a reflective elec-
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trode, a semi-transmissive electrode, or a transmissive elec-
trode. The material for the first electrode may be a trans-
parent and highly conductive material, and examples of the
material may include indium tin oxide (ITO), indium zinc
oxide (IZO), tin oxide (SnQ,), and zinc oxide (ZnQ). When
the first electrode 110 is a semi-transmissive electrode or a
reflective electrode, as a material for forming the first
electrode, at least one selected from magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium  (Mg—In). and magnesium-silver
(Mg—Ag) may be used.

The first electrode 110 may have a single-layer structure,
or a multi-layer structure including a plurality of layers. For
example, the first electrode 110 may have a triple-layer
structure of ITTO/Ag/ITO.

The organic layer 150 may be disposed on the first
electrode 110. The organic layer 150 may include an emis-
sion layer.

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

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

The hole transport region may have a single-layered
structure formed of a single material, a single-layered struc-
ture formed of a plurality of different materials, or a multi-
layered structure having a plurality of layers formed of a
plurality of different materials.

For example, the hole transport region may have a single-
layered structure formed of a plurality of different materials,
or a structure of hole injection layer/hole transport layer, a
structure of hole injection layer/hole transport layer/buffer
layer, a structure of hole injection layer/buffer layer, a
structure of hole transport layer/buffer layer, or a structure of
hole injection layer/hole transport layer/electron blocking
layer, wherein layers of each structure are sequentially
stacked from the first electrode 110 in this stated order.

When the hole transport region includes a hole injection
layer, the hole injection layer may be formed on the first
electrode 110 by using various methods, such as vacuum-
deposition, spin coating, casting, Langmuir-Blodgett (LB)
method, ink-jet printing, laser-printing, or laser-induced
thermal imaging (LITT).

When a hole injection layer is formed by vacuum depo-
sition, for example, the vacuum deposition may be per-
formed at a temperature of a deposition temperature in a
range of about 100° C. to about 500° C., at a vacuum degree
in a range of about 10~® torr to about 107> torr, and/or at a
deposition rate in a range of about 0.01 A/sec to about 100
Alsec in consideration of a compound for a hole injection
layer to be deposited, and the structure of a hole injection
layer to be formed.

When a hole injection layer is formed by spin coating, the
spin coating may be performed at a coating rate in a range
of about 2000 rpm to about 5000 rpm, and at a temperature
in a range of about 80° C. to 200° C. in consideration of a
compound for a hole injection layer to be deposited, and the
structure of a hole injection layer to be formed.

When the hole transport region includes a hole transport
layer, the hole transport layer may be formed on the first
electrode 110 or the hole injection layer by using various
methods, such as vacuum-deposition, spin coating, casting,
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LB method, ink-jet printing, laser-printing, or LITI. When
the hole transport layer is formed by vacuum-deposition or
spin coating, conditions for vacuum-deposition and coating
may be similar to the above-described vacuum-deposition
and coating conditions for forming the hole injection layer.

The hole transport region may include the condensed-
cyclic compound represented by Formula 1. In some
embodiments, the hole transport region may include a hole
transport layer, an the hole transport layer may include the
condensed-cyclic compound represented by Formula 1.

The hole transport region may include at least one
selected from m-MTDATA, TDATA, 2-TNATA, NPB,
[-NPB, TPD, spiro-TPD, spiro-NPB, o-NPB, TAPC,
HMTPD, 4,4',4"-tris(N-carbazolyl ytriphenylamine (TCTA),
polyaniline/dodecylbenzenesulfonic  acid (Pani/DBSA),
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesul fonate)
(PEDOT/PSS), polyaniline/camphor sulfonicacid (Pani/
CSA), (polyaniline)/poly(4-styrenesulfonate) (PANI/PSS), a
compound represented by Formula 201 below, and a com-
pound represented by Formula 202:

m-MTDATA
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-continued
<Formmula 201>
(La02kaz—Ra02

Raoor—(Lao)ra—N,

(Lao3kaz=Ra03
<Fomula 202>

Roor—La01)xa1 (L203)xa3—Ra03

\
N—(L205)xa5—N,

Rooy— (La02)ea2 (Laoa)xas—Raos

wherein in Formulae 201 and 202,

L,o, to L,ys may be each independently the same as
defined in connection with L, provided herein;

xal to xa4 may be each independently selected from 0, 1,
2, and 3;

xa$S may be selected from 1, 2, 3, 4, and 5; and

R,,; 10 R,o, may be each independently 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-C, aryl group, a
substituted or unsubstituted C4-C, aryloxy group, a substi-
tuted or unsubstituted C4-Cg, 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.

In some embodiments, in Formulae 201 and 202,

Lo, to L,os may be each independently selected from

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a benzofluorene group, a
dibenzofluorene group, a phenanthrenylene group, an
anthracenylene group, a pyrenylene group, a chrysenylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, a quinolinylene
group, an isoquinolinylene group, a quinoxalinylene group,
a quinazolinylene group, a carbazolylene group, and a
triazinylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a pyrenylene group, a
chrysenylene group. a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinox-
alinylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group, each substituted with at
least one selected from a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl group,
a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a
triazinyl group;

xal to xa4 may be each independently O, 1, or 2;

xa5 may be 1, 2, or 3;
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R,o; 10 Ry, may be each independently selected from

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group, each substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an azulenyl group, a fluorenyl group, a spiro-fluore-
nyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a
triazinyl group.

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

<Formula 201 A>
Rz Roy
A

Rz

(L202)wa2 / Y Rais
\

—

|
T Teonsar—N

(L203)xa3—Ra03

In some embodiments, the compound represented by
Formula 201 may be represented by Formula 201 A-1:

<Formula 201 A-1>

Ryj6

==

\ _/

Royg

Raiz

(L203)a3—Ra03

10

15

20

25

40

112

In some embodiments, the compound represented by
Formula 202 may be represented by Formula 202A:

<Formula 202A>

R211 R)_lz
/ \
N N
7’ N
Rojs— \ I _R216

Jor
I
R/zoz \/‘ was \R204

In Formulae 201 A, 201 A-1, and 202A, L, to L5, Xal
to xa3, xa5, and R, to R, may be understood by referring
to the descriptions provided herein, R,;, and R,,, may be
the same as defined in connection with R,;, and R,,; to
R,,¢ may be each independently selected from a hydrogen,
adeuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C, alkyl group, a C,-C, alkenyl
group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy group, a
C;-C, 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
C4-Cgo arylthio group, a C,-Cg, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, and a
monovalent non-aromatic condensed heteropolycyclic
group.

The compound represented by Formula 201 and the
compound represented by Formula 202 may include Com-
pounds HT1 to HT20:

HT1

O O‘O
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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

20 1,000 A. When the hole transport region includes the 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 10,000 A, e.g., about 100 A to about 1,000 A, a

thickness of the hole transport layer may be in a range of

25 about 50 A to about 2,000 A, 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 transport layer are

within these ranges, excellent hole transport characteristics

may be obtained without a substantial increase in driving
voltage.

The hole transport region may further include, in addition
to the mentioned materials above, a charge-generating mate-
rial to improve conductive properties. The charge-generat-
ing material may be homogeneously or non-homogeneously
dispersed throughout the hole transport region.

The charge-generating material may be, for example, a
p-dopant. The p-dopant may be one selected from a quinone
derivative, a metal oxide, and a cvano group-containing
compound. For example, non-limiting examples of the
p-dopant are a quinone derivative, such as tetracvanoqui-
40" nonedimethane (TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,

4-benzoquinonedimethane (F4-TCNQ); a metal oxide, such
as a tungsten oxide or a molybdenum oxide, and Compound
HT-D1 illustrated below.
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The hole transport region may further include at least one
selected from a buffer layer and an electron blocking layer
in addition to the hole injection layer and the hole transport
layer. Since the buffer layer may compensate for an optical
resonance distance according to a wavelength of light emit-
ted from the emission layer, light-emission efficiency of the
organic light-emitting device may improve. As a material
included in the buffer layer, materials that are included in the
hole transport region may be used. The electron blocking
layer prevents injection of electrons from the electron trans-
port region.

An emission layer is formed on the first electrode 110 or
the hole transport region by using various methods, such as
vacuum-deposition, spin coating, casting, LB method, ink-
jet printing, laser-printing, or LITI. When the emission layer
is formed by vacuum-deposition or spin coating, deposition
and coating conditions for the emission layer may be deter-
mined by referring to the deposition and coating conditions
for the hole injection layer.

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. Alterna-
tively, the emission layer may have a stacked structure of a
red emission layer, a green emission layer, and a blue
emission layer, or may include a red-light emission material,
a green-light emission material, and a blue-light emission
material, which are mixed with each other in a single layer,
to emit white light.

The emission layer may include a host and a dopant. The
host may include the condensed-cyclic compound repre-
sented by Formula 1.

The dopant may include a phosphorescent dopant or a
fluorescent dopant.

The phosphorescent dopant may include an organometal-
lic complex represented by Formula 401 below:

<Formula 401>

| >M — Laotka2

- —xcl

wherein, in Formula 401,

M may be selected from iridium (Ir), platinum (Pt),
osmium (Os), titanium (Ti), zirconium (Zr), hafmium (Hf),
europium (Eu), terbium (Tb), and thulium (Tm);

X401 t0 X404 may be each independently a nitrogen or a
carbon;

ring A,y and ring A,,, may be each independently
selected from a substituted or unsubstituted benzene, a
substituted or unsubstituted naphthalene, a substituted or
unsubstituted fluorene, a substituted or unsubstituted spiro-
fluorene, a substituted or unsubstituted indene, a substituted
or unsubstituted pyrrole, a substituted or unsubstituted thio-
phene, a substituted or unsubstituted furan, a substituted or
unsubstituted imidazole, a substituted or unsubstituted pyra-
zole, a substituted or unsubstituted thiazole, a substituted or
unsubstituted isothiazole, a substituted or unsubstituted
oxazole, a substituted or unsubstituted isoxazole, a substi-
tuted or unsubstituted pyridine, a substituted or unsubsti-
tuted pyrazine, a substituted or unsubstituted pyrimidine, a
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substituted or unsubstituted pyridazine, a substituted or
unsubstituted quinoline, a substituted or unsubstituted iso-
quinoline, a substituted or unsubstituted benzoquinoline, a
substituted or unsubstituted quinoxaline, a substituted or
unsubstituted quinazoline, a substituted or unsubstituted
carbazole, a substituted or unsubstituted benzoimidazole, a
substituted or unsubstituted benzofuran, a substituted or
unsubstituted benzothiophene, a substituted or unsubstituted
isobenzothiophene, a substituted or unsubstituted benzox-
azole, a substituted or unsubstituted isobenzoxazole, a sub-
stituted or unsubstituted triazole, a substituted or unsubsti-
tuted oxadiazole, a substituted or unsubstituted triazine, a
substituted or unsubstituted dibenzofuran, and a substituted
or unsubstituted dibenzothiophene;

at least one of substituents of the substituted benzene,
substituted naphthalene, substituted fluorene, substituted
spiro-fluorene, substituted indene, substituted pyrrole, sub-
stituted thiophene, substituted furan, substituted imidazole,
substituted pyrazole, substituted thiazole, substituted isothi-
azole, substituted oxazole, substituted isoxazole, substituted
pyridine, substituted pyrazine, substituted pyrimidine, sub-
stituted pyridazine, substituted quinoline, substituted isoqui-
noline, substituted benzoquinoline, substituted quinoxaline,
substituted quinazoline, substituted carbazole, substituted
benzoimidazole, substituted benzofuran, substituted benzo-
thiophene, substituted isobenzothiophene, substituted ben-
zoxazole, substituted isobenzoxazole, substituted triazole,
substituted oxadiazole, substituted triazine, substituted
dibenzofuran, and substituted dibenzothiophene may be
selected from

a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cy,
alkyl group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group,
and a C,-Cy, alkoxy group;

a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from a deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-Co,
aryloxy group, a C4-Cg, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-

cyclic group, —N(Q401)(Qu02); —Si(Qa03)(Qa04)(Qao5),
and —B(Q406)(Qa407);

a C5-Cy, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cyg-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 C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cy-Cg, aryloxy
group, a C,-Cq, 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 a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
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group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-Cg, alkyl group, a C,-Cg, alkenyl
group, a C,-C, alkynyl group, a C,-C, alkoxy group, a
C,-C,, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C,-Cg, aryloxy group, a
Cs-Ceo arylthio group, a C,-Cy, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,

—N(Qu1)(Qar2), —S1(Qa413)(Qu1)(Qays), and —B(Quy6)
(Qa17); and

—N(Q42)(Quz2), —S1(Q423)(Qa24)(Qu25): and
—B(Qu426)(Qu27);

Lo may be an organic ligand;

xcl may be 1, 2, or 3; and

xc2 may be 0, 1, 2, or 3.

L0, may be an arbitrary monovalent, divalent, or trivalent
organic ligand. For example, [,,, may be selected from a
halogen ligand (for example, Cl or F), a diketone ligand (for
example, acetylacetonate, 1,3-diphenyl-1,3-propanedionate,
2,2,6,6-tetramethyl-3,5-heptanedionate, or hexafluoroaceto-
nate), a carboxylic acid ligand (for example, picolinate,
dimethyl-3-pyrazolecarboxylate, or benzoate), a carbon
monooxide ligand, an isonitrile ligand, a cyano ligand, and
a phosphorous ligand (for example, phosphine, or phos-
phaite).

Qa01 10 Qag7, Quyy 10 Q4y7, and Qg 10 Q7 may be each
independently selected from a hydrogen, a C,-Cq, alkyl
group, a C,-Cg, alkenyl group, a C4-Cqy, aryl group, and a
C,-Cy, heteroaryl group.

When A, in Formula 401 has a plurality of substituents,
the plurality of substituents of A,,; may bind to each other
to form a saturated or unsaturated ring.

When A, in Formula 402 has a plurality of substituents,
the plurality of substituents of A,,, may bind to each other
to form a saturated or unsaturated ring.

When xcl in Formula 401 is 2 or greater, a plurality of
ligands

in Formula 401 may be identical or different from each
other. In Formula 401, when xcl is 2 or greater, A,,, and
A, may be directly connected or connected via a linking
group (for example, a C,-C; alkylene group, —N(R")—
(here, R' is a C,-C,, alkyl group or a C4-C, aryl group), or
—C(=—0)—) to one other adjacent ligand of A, and A,
respectively.

The phosphorescent dopant may be, for example, selected
from Compounds PD1 to PD75.
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In some embodiments, the fluorescent dopant may include
a compound represented by Formula 501:

<Formula 501>

(Lsorxa—Rs01
Arso—T(Lso3)sa3 —N\

(Lso2)xar—Rs02
xd4

wherein, in Formula 501,

Ars,, may be selected from

a naphthalene, a heptalene, a fluorene, a spiro-fluorene, a
benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, a naphthacene, a picene, a perylene, a
pentaphene, and an indenoanthracene; and

a naphthalene, a heptalene, a fluorene, a spiro-fluorene, a
benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, naphthacene, a picene, a perylene, a
pentaphene and an indenoanthracene, each substituted with
at least one selected from a deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,
alkyl group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group,
aC,-C, alkoxy group, a C,-C,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C,-Cq, aryl group, a
Cs-Cgo aryloxy group, a C4-Cgy arylthio group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyclic  group, and  —Si(Qsp;)(Qs502)(Qs03);
wherein Qs to Qso, may be each independently selected
from a hydrogen, a C,-Cg, alkyl group, a C,-C, alkenyl
group, a C¢-Cg, aryl group, and a C,-C, heteroaryl group;

Lso, 10 Lsg; may be the same as defined in connection
with L, provided herein;

wherein R,,, and R,,, may be each independently
selected from

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazole group, a
triazinyl group, a dibenzofuranyl group, and a dibenzothio-
phenyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
triazinyl group and a dibenzofuranyl group, and a dibenzo-
thiophenyl group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, a triazinyl group, a dibenzofuranyl group, and
a dibenzothiophenyl group;

xd1 to xd3 may be each independently selected from 0, 1,
2, and 3; and

xb4 may be selected from 1, 2, 3, and 4.

The fluorescent host may include at least one selected
from compounds FD1 to FD9:
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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.
35 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.
Alternatively, the fluorescent dopant may be selected
from compounds below.
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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.

Then, an electron transport region may be disposed on the
emission layer.

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

In some embodiments, the electron transport region may
have a structure of electron transport layer/electron injection
layer or a structure of hole blocking layer/electron transport
layer/electron injection layer, wherein layers of each struc-
ture are sequentially stacked from the emission layer in the
stated order.

In some embodiments, the organic layer 150 of the
organic light-emitting device may include an electron trans-
port region disposed between the emission layer and the
second electrode 190.

When the electron transport region includes a hole block-
ing layer, the hole blocking layer may be formed on the
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Coumarin 6

emission layer by using various methods, such as vacuum-
deposition, spin coating, casting, LB method, ink-jet print-
ing, laser-printing, or LITI. When the hole blocking layer is
formed by vacuum-deposition or spin coating, deposition
and coating conditions for the hole blocking layer may be
determined by referring to the deposition and coating con-
ditions for the hole injection layer.

The hole blocking layer may include, e.g., at least one
selected from BCP and Bphen.

BCP



US 10,186,666 B2

145

-continued

Bphen

A thickness of the hole blocking layer may be in a range
of about 20 A to about 1,000 A, e.g., about 30 A to about 300
A. When the thickness of the hole blocking layer is within
this range, excellent hole blocking characteristics may be
obtained without a substantial increase in driving voltage.

The electron transport region may include an electron
transport layer. The electron transport layer may be formed
on the emission layer or the hole blocking layer by using
various methods, such as vacuum deposition, spin coating,
casting, LB method, ink-jet printing, laser-printing, or LITI.
When the electron transport layer is formed by using
vacuum deposition or spin coating, vacuum deposition and
coating conditions for the electron transport layer may be
determined by referring to the vacuum deposition and coat-
ing conditions for the hole injection layer.

In some embodiments, the electron transport layer may
include at least one selected from a compound represented
by Formula 601 and a compound represented by Formula
602:

Arg01-[(Lso1 bxe1-Eso1 lre2 <Formula 601>

wherein in Formula 601,

Arg,; may be selected from

a naphthalene, a heptalene, a fluorene, a spiro-fluorene, a
benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, a naphthacene, a picene, a perylene, a
pentaphene, and an indenoanthracene; and

a naphthalene, a heptalene, a fluorene, a spiro-fluorene, a
benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, naphthacene, a picene, a perylene, a
pentaphene and an indenoanthracene, each substituted with
at least one selected from a deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-Cg,
alkyl group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group,
a C,-Cg, alkoxy group, a C;-C, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cg, aryl group, a
Cs-Cep aryloxy group, a C4-Cgy arylthio group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyclic  group, and  —Si(Qa0;)(Q302)(Qa03);
wherein Qs to Q503 may be each independently selected
from a hydrogen, a C,-C,, alkyl group, a C,-C, alkenyl
group, a C,-Cq, aryl group, and a C,-C, heteroaryl group.

The descriptions for L,, may be the same as defined in
connection with L., herein.

Eqo, may be selected from

a pyrrolyl group, a thiophenyl group, a furanyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,

10

15

20

25

30

35

40

45

50

55

60

146

a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, an imidazopyridinyl group, and an imida-
zopyrimidinyl group; and

a pyrrolyl group, a thiophenyl group, a furanyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridiny1 group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a thiadiazolyl group, an imidazopyridinyl
group, and an imidazopyrimidinyl group, each substituted
with at least one selected from a deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, 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 pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a 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 pyrrolyl
group, a thiophenyl group, a furanyl 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 isoindolyl group, an indolyl group, an indazolyl
group, a purinyl 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 carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
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group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group;
xel may be selected from 0, 1, 2, and 3; and

xe2 may be selected from 1, 2, 3, and 4.

<Formula 602>

Le14)xes14—Re14

X|611 N X513

Re16—(Le16)xes16 X612 Ls1shests—Re15

wherein, in Formula 602,

X1 may be N or C-(Ligy 1 )res11-Re115 X612 may be N or
C-(Lg12)xes12"Re12: X613 may be N or C-(Lg;3)re613-Reyss
and at least one selected from X, to Xg;; may be N;

Lgy; to Lg ¢ may be the same as defined in connection
with L, provided herein;

Rg1; 10 Ry ¢ may be each independently selected from

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group, each substituted with at least one
selected from a deuterium, —F, —Cl1, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, a fluorenyl group, a spiro-fluorenyl group, a benzo-
fluorenyl group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a pyrenyl group, a chrysenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, and a triazinyl group;

xe611 to xe616 may be each independently selected from
0, 1, 2, and 3.

The compound represented by Formula 601 and the
compound represented by Formula 602 may be each inde-
pendently selected from Compounds ET1 to ET15:
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AN The electron transport layer may include at least one
selected from BCP, Bphen, Alg,, BAlg, TAZ, and NTAZ.



US 10,186,666 B2

153

NTAZ

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 this range, excellent electron transport char-
acteristics may be obtained without a substantial increase in
driving voltage.

The electron transport layer may further include a metal-
containing material in addition to the materials described
above.

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.
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ET-D1

ET-D2

N_,-Ll

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

The electron injection layer may be formed on the elec-
tron transport layer by using various methods, such as
vacuum-deposition, spin coating, casting, LB method, ink-
jet printing, laser-printing, or LITI. When the electron
injection layer is formed by vacuum-deposition or spin
coating, vacuum-deposition and coating conditions for the
electron injection layer may be determined by referring to
the vacuum-deposition and coating conditions for the hole
injection layer.

The electron injection layer may include at least one
selected from LiF, NaCl, CsF, Li,0, BaO, and LiQ.

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 this range, excellent electron injection characteristics
may be obtained without a substantial increase in driving
voltage.

The second electrode 190 is disposed on the organic layer
150. The second electrode 190 may be a cathode that is an
electron injection electrode, and in this regard, a material for
forming the second electrode 190 may be a material having
alow work function, and such a material may include metal,
alloy, an electrically conductive compound, or a mixture
thereof. Examples of a material for forming the second
electrode 190 may include lithium (Li), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li1), calcium (Ca),
magnesium-indium  (Mg—In), and magnesium-silver
(Mg—Ag). In some embodiments, the material for forming
the second electrode 190 may be ITO or IZO. The second
electrode 190 may be a semi-transmissive electrode or a
transmissive electrode.

Referring to FIG. 2, an organic light-emitting device 20
may have a structure including a first capping layer 210, the
first electrode 110, the organic layer 150, and the second
electrode 190, which are sequentially stacked in the stated
order. Referring to FIG. 3, an organic light-emitting device
30 may have a structure of the first electrode 110, the organic
layer 150, the second electrode 190, and a second capping
layer 220, wherein the layers are sequentially stacked in the
stated order. Referring to FIG. 4, an organic light-emitting
device 20 may have a structure of the first capping layer 210,
the first electrode 110, the organic layer 150, the second
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electrode 190, and the second capping layer 220, wherein
the layers are stacked in the stated order.

The first electrode 110, the organic layer 150, and the
second electrode 190 according to FIGS. 2 to 4 may be
understood by referring to the descriptions with respect to
FIG. 1.

In the organic light-emitting device 20, 40, light emitted
from the emission layer in the organic layer 150 may pass
through the first electrode 110, which may be a semi-
transmissive electrode or transmissive electrode, and
through the first capping layer 210 to the outside. In the
organic light-emitting device 30, 40, light emitted from the
emission layer in the organic layer 150 may pass through
second electrode 190, which may be a semi-transmissive
electrode or transmissive electrode, and the second capping
layer 220 to the outside.

The first capping layer 210 and the second capping layer
220 may help improve external luminous efficiency based on
the principle of constructive interference.

In an implementation, the first capping layer 210 shown
in FIG. 2 and the second capping layer 220 shown in FIG.
3 may include the condensed-cyclic compound represented
by Formula 1.

In an implementation, at least one selected from the first
capping layer 210 and second capping layer 220 shown in
FIG. 4 may include the condensed-cyclic compound repre-
sented by Formula 1.

In some embodiments, the organic layer 150 shown in
FIGS. 2 to 4 may not include the condensed-cyclic com-
pound represented by Formula 1.

Hereinbefore, the organic light-emitting device has been
described with reference to FIGS. 1 to 4.

A C,-Cy, alkyl group used herein refers to a linear or
branched aliphatic hydrocarbon monovalent group having 1
to 60 carbon atoms, and examples thereof are 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. A C,-C,, alkylene group
used herein refers to a divalent group having the same
structure as the C,-Cg, alkyl group.

A C,-Cy, alkoxy group used herein refers to a monovalent
group represented by —OA ,, (wherein A, is the C,-C,
alkyl group), and detailed examples thereof are a methoxy
group, an ethoxy group, and an isopropyloxy group.

A C,-Cg, alkenyl group used herein refers to a hydrocar-
bon group formed by substituting at least one carbon double
bond in the middle or at the terminal of the C,-C, alkyl
group, and examples thereof are an ethenyl group, a prope-
nyl group, and a butenyl group. A C,-C, alkenylene group
used herein refers to a divalent group having the same
structure as a C,-Cg, alkenyl group.

A C,-Cg, alkynyl group used herein refers to a hydrocar-
bon group formed by substituting at least one carbon triple
bond in the middle or at the terminal of the C,-C, alkyl
group, and examples thereof are an ethynyl group and a
propynyl group. A C,-C, alkynylene group used herein
refers to a divalent group having the same structure as a
C,-Cy, alkynyl group.

A C5-C, cycloalkyl group used herein refers to a mon-
ovalent monocyclic saturated hydrocarbon group including
3 to 10 carbon atoms, and detailed examples thereof are a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group,
a cyclohexyl group, and a cycloheptyl group. A C;-C,
cycloalkylene group used herein refers to a divalent group
having the same structure as a C5-C,, cycloalkyl group.

A C,-C,, heterocycloalkyl group used herein refers to a
monovalent monocyclic group including at least one hetero
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atom selected from N, O, Si, P, and S as a ring-forming atom
and 1 to 10 carbon atoms, and examples thereof are a
tetrahydrofuranyl group and a tetrahydrothiophenyl group.
A C,-C,, heterocycloalkylene group used herein refers to a
divalent group having the same structure as a C5-C,,, het-
erocycloalkyl group.

A C,;-C,, cycloalkenyl group used herein refers to a
monovalent monocyclic group including 3 to 10 carbon
atoms and at least one double bond in the ring thereof and
does not have aromaticity, and examples thereof are a
cyclopentenyl group, a cyclohexenyl group, and a cyclohep-
tenyl group. A C;-C,,, cycloalkenylene group used herein
refers to a divalent group having the same structure as a
C;-Cy, cycloalkenyl group.

A C,-C,, heterocycloalkenyl group used herein refers to
a monovalent monocyclic group including at least one
hetero atom selected from N, O, Si, P, and S as a ring-
forming atom, 1 to 10 carbon atoms, and at least one double
bond in its ring. Examples of the C,-C, , heterocycloalkenyl
group are a 2,3-hydrofuranyl group and a 2,3-hydrothiophe-
nyl group. A C,-C,, heterocycloalkenylene group used
herein refers to a divalent group having the same structure
as a C,-C,, heterocycloalkenyl group.

A C4-Cqy aryl group used herein refers to a monovalent
group including a carbocyclic aromatic system having 6 to
60 carbon atoms, and a C¢-Cg,, arylene group used herein
refers to a divalent group including a carbocyclic aromatic
system having 6 to 60 carbon atoms. Examples of the C,-Cy,
aryl group are a phenyl group, a naphthyl group, an anthra-
cenyl group, a phenanthrenyl group, a pyrenyl group, and a
chrysenyl group. When the Cy-Cg, aryl group and the
Cs-Cg arylene group each include a plurality of rings, the
plurality of rings may be fused to each other.

A C,-Cq, heteroaryl group used herein refers to a mon-
ovalent group having a carbocyclic aromatic system having
at least one hetero atom selected from N, O, Si, P, and S as
a ring-forming atom and 1 to 60 carbon atoms. A C,-Cq,
heteroarylene group used herein refers to a divalent group
having a carbocyclic aromatic system having at least one
hetero atom selected from N, O, P, and S as a ring-forming
atom and 1 to 60 carbon atoms. Examples of the C,-Cq,
heteroaryl group are a pyridinyl group, a pyrimidinyl group,
a pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolinyl group, and an isoquinolinyl group. When the
C,-Cg heteroaryl group and the C,-Cg, heteroarylene group
each include a plurality of rings, the plurality of rings may
be fused to each other.

A C4-Cy, aryloxy group used herein indicates —OA, 5
(wherein A, ,, is the C,-Cg, aryl group), and a C,-Cgy
arylthio group used herein indicates —SA, ,; (wherein A | 5
is the C4-Cyq aryl group).

A monovalent non-aromatic condensed polycyclic group
used herein refers to a monovalent group that has 2 or
greater rings condensed to each other, and has only carbon
atoms (for example, the number of carbon atoms may be in
a range of 8 to 60) as ring forming atoms, wherein the
molecular structure as a whole is non-aromatic in the entire
molecular structure. An example of the monovalent non-
aromatic condensed polycyclic group is a fluorenyl group. A
divalent non-aromatic condensed polycyclic group used
herein refers to a divalent group having the same structure
as the monovalent non-aromatic condensed polycyclic
group.

A monovalent non-aromatic condensed heteropolycyclic
group used herein refers to a monovalent group that has 2 or
greater rings condensed to each other, has a hetero atom
selected from N, O, Si, P, and S, other than carbon atoms (for
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example, the number of carbon atoms may be in a range of
1 to 60), as ring-forming atoms, wherein the molecular
structure as a whole is non-aromatic in the entire molecular
structure. The monovalent non-aromatic condensed het-
eropolycyclic group includes a carbazolyl group. A divalent
non-aromatic condensed hetero-polycyclic group used
herein refers to a divalent group having the same structure
as the monovalent non-aromatic condensed hetero-polycy-
clic group.

At least one substituent of the substituted C;-C,,
cycloalkylene group, substituted C,-C,, heterocycloalky-
lene group, substituted C5-C,, cycloalkenylene group, sub-
stituted C,-C,, heterocycloalkenylene group, substituted
Cs-Cqo arylene group, substituted C,-Cg, heteroarylene
group, substituted a divalent non-aromatic condensed poly-
cyclic group, substituted a divalent non-aromatic condensed
heteropolycyclic group, substituted C, -Cq, alkyl group, sub-
stituted C,-Cg, alkenyl group, substituted C,-Cg, alkynyl
group, substituted C,-Cg,, alkoxy group, substituted C;-C,,
cycloalkyl group, substituted C,-C,, heterocycloalkyl
group, substituted C,-C,, cycloalkenyl group, substituted
C,-C,, heterocycloalkenyl group, substituted C;-Cg, aryl
group, substituted C,-Cy, aryloxy group, substituted C4-Cg,
arylthio group, substituted C,-Cg, heteroaryl group, substi-
tuted monovalent non-aromatic condensed polycyclic
group, and substituted monovalent non-aromatic condensed
heteropolycyclic group is selected from

a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cg,
alkyl group, a C,-C,, alkenyl group, a C,-C,,, alkynyl group,
and a C,-C, alkoxy group;

a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-C,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from a deuterium, —F, —CI, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C;,
heterocycloalkenyl group, a C,-Cg, aryl group, a Cy-Ce,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-

cyclic group, —N(Q,;)(Q;2); —Si(Q13)(Q14)(Qy5). and
—B(Q1e)Q17):

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 Cy-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group,

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cy-Cq, 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 a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
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acid or a salt thereof, a C,-C, alkyl group, a C,-C, alkenyl
group, a C,-Cq, alkynyl group, a C,-Cq, alkoxy group, a
C;-C,, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;5-C o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C,-Cy, aryloxy group, a
Cs-Cg arylthio group, a C,;-Cg, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,

—N(Q2)(Qz2), —81(Q23)(Q24)(Qs5), and —B(Q16)(Qs7);

and

*N(Qs 1)(Q32): *Si(Q33)(Q34)(Q35),

Qs7);

wherein Q, to Q;, Qy; 10 Q7. Qy; t0 Qa7 and Q47 to Q35
are each independently selected from a hydrogen, a deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, a C,-C, alkyl group, a C,-Cg, alkenyl
group, a C,-Cg, alkynyl group, a C,-C,, alkoxy group, a
C;-Cy, cycloalkyl group, a C, -C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a Cg-Cy, aryl group, a C;-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group.

“Ph” used herein refers to a phenyl group, “Me” refers to
a methyl group, “Et” refers to an ethyl group, and “ter-Bu”
or “Bu” refers to a tert-butyl group.

and —B(Qs)

Hereinafter, an organic light-emitting device of some
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
means that a molar equivalent of A was identical to a molar
equivalent of B.

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

EXAMPLE

Synthesis Example 1: Synthesis of Compound 9
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-continued

Pd(PPh3),
Na,CO4
L ———
Toluene
FEtOH

[
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-continued

Pd(PPhj),
Na,CO4
—_—
Toluene
FtOH

Compound 9

0.73 g (1 eq, 1.30 mmol) of 7-bromo-5'-(1,3,5-triazin-2-
y1)-5"H-spiro[indeno[ 1,2-b]pyridine-5,7'-indeno|2, 1-b]car-
bazole], 0.43 g (1.1 eq, 1.43 mmol) of (10-phenylanthracen-
9-yD)boronic acid, and 0.06 g (0.04 eq, 0.052 mmol) of
Tetrakis(triphenylphosphine)palladium(0) were placed in a
reaction container, vacuum-dried, and filled with nitrogen
gas. 13 ml of toluene was added to the container to dissolve
the content. Then, 6.5 ml of ethanol and 6.5 ml (10 eq, 13.0
mmol) of 2.0 M sodium carbonate aqueous solution were
added, and the mixture was refluxed and stirred at a tem-
perature of 80° C. for 3 hours. When the reaction was
completed, the resultant was washed with distilled water,
and an organic layer was extracted therefrom by using ethyl
acetate. Then, the resultant was dried by magnesium sulfate,
filtered through Celite, and purified through column chro-
matography to obtain 0.745 g (yield=75%) of Compound 9
(7-(10-phenylanthracen-9-y1)-5'-(1,3,5-triazin-2-y1)-5'H-
spiro[indeno[1,2-b]pyridine-5,7'-indeno[ 2,1-b]carbazole]).
The produced compound was confirmed by using 'H NMR
and MS/FAB.

'HNMR: 8.87 (2H), 8.48 (1H), 8.28 (1H), 8.24 (1H), 8.09
(2H), 7.91 (5H), 7.63 (3H), 7.51 (5H), 7.40 (6H), 7.29 (3H),
7.09 (1H), 6.67 (1H).

APCI-MS (w/z): 737[M"]

Synthesis Example 2: Synthesis of Compound 10
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Compound 10

0.73 g (1 eq, 1.30 mmol) of 2-bromo-5'-(1,3,5-triazin-2-
y1)-5"H-spiro[fluorene-9,7'-indeno[2,1-b]carbazole], 0.43 g
(1.1 eq, 1.43 mmol) (10-phenylanthracen-9-yl)boronic acid,
and 0.06 g (0.04 eq, 0.052 mmol) of Tetrakis(triphenylphos-
phine)palladium(0) were placed in a reaction container,
vacuum-dried, and filled with nitrogen gas. 13 ml of toluene
was added to the container to dissolve the content. Then, 6.5
ml of ethanol and 6.5 ml (10 eg, 13.0 mmol) of 2.0 M
sodium carbonate aqueous solution were added, and the
mixture was refluxed and stirred at a temperature of 80° C.
for 3 hours. When the reaction was completed, the resultant
was washed with distilled water, and an organic layer was
extracted therefrom by using ethyl acetate. The resultant was
dried by using magnesium sulfate, filtered through Celite,
and purified through column chromatography to obtain
0.740 g of Compound 10 (2-(10-phenylanthracen-9-y1)-5'-
(1,3,5-triazin-2-y1)-5'H-spiro[ fluorene-9,7'-indeno[ 2,1-b]
carbazole]) (vield=75%). The produced compound was con-
firmed by using 'H NMR and MS/FAB.

'"HNMR: 8.87 (2H), 8.48 (1H), 8.12 (2H), 7.91 (4H), 7.81
(2H), 7.63 (2H), 7.51 (5H), 7.40 (6H), 7.24 (1H), 7.19 (2H)

APCI-MS (n/z): 736[M*]

Example 1

A Corning 15 Q/cm? (1,200 A) ITO glass substrate, as an
anode, was cut to a size of 50 mmx50 mmx0.7 mm,
sonicated by using isopropyl alcohol and pure water for 5
minutes respectively, and cleaned by exposure to ultraviolet
rays with ozone for 30 minutes. Then, the glass substrate
was mounted to a vacuum-deposition apparatus.

2-TNATA was vacuum-deposited on the ITO anode to
form a hole injection layer having a thickness of 600 A, and
4,4"-bis[N-(1-naphthyl)-N-phenylan amino group]biphenyl
(NPB) was vacuum-deposited on the hole injection layer to
form a ole transport layer having a thickness of 300 A.

Compound 9 (host) and DPAVBI (dopant) were co-de-
posited on the hole transport layer at a weight ratio of 95:5
to form an emission layer having a thickness of 20 nm.
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Compound ET1 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 an
electron injection layer having a thickness of 10 A, and Al
was vacuum-deposited on the electron injection layer to
form a cathode having a thickness of 3,000 A, thereby
completing the manufacture of an organic light-emitting
device.

Example 2 and Comparative Examples 1 to 5

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that compounds listed
in Table 1 were used, respectively, instead of Compound 1,
as a host, in the formation of the emission layer.

Evaluation Example 1

Driving voltages, current densities, luminances, and effi-
ciencies of the organic light-emitting devices prepared in
Examples 1 and 2 and Comparative Examples 1 to 5 were
evaluated using Keithley SMU 236 and a luminance meter
PR650. The results are shown in Table 1.

TABLE 1

Driving Current  Lumi-

voltage  Density  nance Efficiency

Host (Vi (mA/em?) (ecd/m?)  (cd/A)
Example 1  Compound 9 3.3 10 490 4.90
Example 2 Compound 10 3.2 10 475 4.75
Comparative Compound A 4.5 10 311 3.11
Example 1
Comparative Compound B 4.3 10 367 3.67
Example 2
Comparative Compound C 4.2 10 416 4.16
Example 3
Comparative Compound D 44 10 378 3.78
Example 4
Comparative Compound E 4.5 10 252 2.52
Example 5
9
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-continued

10

Compound A

Compound B

Compound C

Compound D
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-continued
Compound E

Referring to Table 1, it may be seen that the organic
light-emitting devices manufactured according to Examples
1 and 2 exhibited lower driving voltages, improved lumi-
nances, improved efficiencies, and improved half-lifespans,
compared to the organic light-emitting devices manufac-
tured according to Comparative Examples 1 to 5.

As described above, according to one or more exemplary
embodiments, an organic light-emitting device including the
condensed-cyclic compound may have a low driving volt-
age, high efficiency, high luminance, and 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 condensed-cyclic compound represented by Formula
1:

<Formula 1>
(/ \\‘
(R\s)bs LA _}_(RS)M
Rapr—L2)a ‘]\/’ - “/»(
c2 \ \ A3 [ Xl
/ . \“‘
L) \ Ay
R)p— -]/ !
Rps1 Vai]” \=/~ T R

(Re)ps

wherein, in Formula 1,

ring A, and ring A, are each independently selected from
a benzene group, a naphthalene group, a pyridine
group, a pyrimidine group, a pyrazine group, a quino-
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line group, an isoquinoline group, a quinoxaline group,
a quinazoline group, and a cinnoline group,

ring A, is selected from a group represented by Formula
2A and a group represented by Formula 2B,

<Formula 2A>
(Ri3)a13
X
&S

a

X5

)

wherein, in Formulae 1, 2A, and 2B,

Xy 18 N-[(Ly1)a11-(Ryp)pual, O, or S,

Xy 18 N-[(L12)a12-(Ri2)p10], O, or S,

L, and L, are each independently a substituted or unsub-
stituted condensed polycyclic group, in which at least
three carbocyclic groups are condensed to one another,

al and a2 are each independently an integer selected from
1to 5, and when al is 2 or greater, a plurality of [, are
identical to or different from each other, and when a2
is 2 or greater, a plurality of L, are identical to or
different from each other,

L, to L,, are each independently selected from a substi-
tuted or unsubstituted C,-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalky-
lene group, a substituted or unsubstituted C;-C,
cycloalkenylene group, a substituted or unsubstituted
C,-C,, heterocycloalkenylene group, a substituted or
unsubstituted C4-C,,, 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,

all and al2 are each independently an integer selected
from 0 to 5, and when all is 2 or greater, a plurality of
L,, are identical to or different from each other, and
when al2 is 2 or greater, a plurality of L, , are identical
to or different from each other,

R,, is selected from a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C,-C,, heteroaryl group, and a substi-
tuted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group,

b1l is an integer selected from 1 to 4,

R, to Ry, Ry, and R are each independently selected
from a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a
salt thereof, a substituted or unsubstituted C,-Cq, alkyl
group, a substituted or unsubstituted C,-C,, alkenyl
group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-Cg, 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,o heterocycloalkenyl group, a substituted or

<Formula 2B>
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unsubstituted C4-C, aryl group, a substituted or unsub-
stituted C4-Cg,, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, a substituted or unsub-
stituted C,-Cq, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed heteropolycyclic

group, —N(Q,)(Q,), —Si(Q;)(Q4)(Qs), and —B(Qy)
Q).

bl, b2, bS, b6, and b12 are each independently an integer
selected from 0 to 4,

b3 and b4 are each independently an integer selected from
0to 6,

b131is 0, 1, or 2,

cl and c2 are each independently an integer selected from
0 to 4, and cl+c2 is 1 or greater, and

at least one substituent of the substituted condensed
polycyclic group, substituted C;-C,, cycloalkylene
group, substituted C,-C,, heterocycloalkylene group,
substituted C,-C,, cycloalkenylene group, substituted
C,-C,, heterocycloalkenylene group, substituted
C¢Cqo arylene group, substituted C,-C,, heteroarylene
group, substituted divalent non-aromatic condensed
polycyclic group, substituted divalent non-aromatic
condensed heteropolycyclic group, substituted C,-Cy,
alkyl group, substituted C,-Cg, alkenyl group, substi-
tuted C,-Cy, alkynyl group, substituted C,-Cy, alkoxy
group, substituted C;-C, , cycloalkyl group, substituted
C,-C,, heterocycloalkyl group, substituted C,-C,,
cycloalkenyl group, substituted C,-C,, heterocycloalk-
enyl group, substituted C4-Cg, aryl group, substituted
CeCyo aryloxy group, substituted C4-Cy, arylthio
group, substituted C,-Cg, heteroaryl group, substituted
monovalent non-aromatic condensed polycyclic group,
and substituted monovalent non-aromatic condensed
heteropolycyclic group is selected from:

a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cg, alkyl group, a C,-Cy, alkenyl group,
a C,-Cq, 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,-Cg, alkoxy group, each sub-
stituted with at least one selected from a deuterium,
—F, —Cl,—Br, —1I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C5-C,,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C4-C, aryloxy group, a
C¢-Cyp arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
a monovalent non-aromatic condensed heteropolycy-
clic group, —N(Q1)(Q12), —Si(Q13)(Q14)Q;5), and
—B(Q6)(Q17):

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C,-Cqy, aryl group, a C,-Cyy
aryloxy group, a C¢-Cg,, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;
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a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Cy,
aryloxy group, a C4-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, each substituted with at
least one selected from a deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a
salt thereof, a C,-Cq, alkyl group, a C,-Cq, alkenyl
group, a C,-Cq, alkynyl group, a C,-C, alkoxy group,
a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, 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, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,)(Q,,), —Si
(Q23)(Q24)(Q,5), and —B(Q,6)(Q,5); and

—N(Q:)Qs2).  —Si(Q33)(Qs.)(Qs5). and  —B(Qs¢)
(Q37):

wherein Q; to Q;, Q; 10 Q7. Qy 10 Q,7, and Q5 10 Q3

are each independently selected from a hydrogen, a
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C;-Cg,
alkyl group, a C,-C,, alkenyl group, a C,-Cy, alkynyl
group, a C,-C,, alkoxy group, a C,-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy aryl group, a C,-Cg, heteroaryl group,
a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed het-
eropolycyclic group.

2. The condensed cyclic compound as claimed in claim 1,
wherein ring A, and ring A, are each independently selected
from a benzene group, a naphthalene group, a pyridine
group, a quinoline group, and an isoquinoline group.

3. The condensed cyclic compound as claimed in claim 1,
wherein X, is N-[(L11),10-(Ri1)p11]-

4. The condensed cyclic compound as claimed in claim 1,
wherein L, and L, are each independently selected from:

an indacenylene group, an acenaphthylene group, a fluo-

renylene group, a spiro-fluorenylene group, a benzo-
fluorenylene group, a dibenzofluorenylene group, a
phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a tri-
phenylenylene group, a pyrenylene group, a chryse-
nylene group, a naphthacenylene group, a picenylene
group, a perylenylene group, a pentaphenylene group,
a hexacenylene group, a pentacenylene group, a rubi-
cenylene group, a coronenylene group, and a ovale-
nylene group;

an indacenylene group, an acenaphthylene group, a fluo-

renylene group, a spiro-fluorenylene group, a benzo-
fluorenylene group, a dibenzofluorenylene group, a
phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a tri-
phenylenylene group, a pyrenylene group, a chryse-
nylene group, a naphthacenylene group, a picenylene
group, a perylenylene group, a pentaphenylene group,
a hexacenylene group, a pentacenylene group, a rubi-
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cenylene group, a coronenylene group, and a ovale-
nylene group, each substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, 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 pentalenyl group, an
indenyl group, a naphthyl group, an azulenyl group, a
heptalenyl group, an indacenyl group, an acenaphthyl
group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phe-
nalenyl 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 pentaphe-
nyl group, a hexacenyl group, a pentacenyl group, a
rubicenyl group, a coronenyl group, a ovalenyl group,
a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl
group, an isothiazolyl group, an oxazolyl group, an
isoxazolyl group, a pyridinyl group, a pyrazinyl group,
a pyrimidinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, an indazolyl group, a purinyl
group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naph-
thyridinyl group, a quinoxalinyl group. a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a
phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group,
an isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, a thiadi-
azolyl group, an imidazopyridinyl group, an
imidazopyrimidiny group, and —Si(Qs:)(Qs)(Qss)

wherein Q,; to Q, are each independently selected from
aC,-C, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group.

5. The condensed cyclic compound as claimed in claim 1,

wherein:

L, and L, are each independently a group represented by
one of the following Formulae 3-8, 3-9, 3-25, and 3-35
to 3-41, and

L,,and L , are each independently a group represented by
one of the following Formulae 3-1 to 3-41:
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Formula 3-12

Formula 3-13

Formula 3-14

Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20
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Formula 3-33
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Formula 3-39
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Formula 3-40
Formula 3-41

Zas

wherein, in Formulae 3-1 to 3-41,

Y, is O, S, C(Z;)(Z4), N(Zs), or Si(Z)(Z5);

7, to 7, are each independently selected from a hydrogen,
a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a pheny! group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a quinolinyl group, an
isoquinolinyl group, a quinoxalinyl group, a quinazoli-
nyl group, a carbazolyl group, a triazinyl group, and
—Si(Q33)(Q3)(Qs5):

Q55 to Q5 are each independently selected from a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group,
and a naphthyl group,

d2is1or2,

d3 is an integer selected from 1 to 3,

d4 is an integer selected from 1 to 4,

d5 is an integer selected from 1 to 5,

d6 is an integer selected from 1 to 6,

d8 is an integer selected from 1 to 8, and

* and *' are each a binding site to a neighboring atom.
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6. The condensed cyclic compound as claimed in claim 1,
wherein:

L, and L, are each independently a group represented by
one of the following Formulae 4-11, 4-13, 4-27, and
4-29 to 4-35, and

L,, and L, are each independently a group represented by
one of the following Formulae 4-1 to 4-35:

Formula 4-1
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-continued thiophenyl group, a benzocarbazolyl group, a dibenzo-
Formula 4-34 carbazolyl group, a thiadiazolyl group, an imida-

zopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from a
3 deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, a phenanthrenyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, a quinolinyl group,
Formula 4-35 an isoquinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthrolinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, and a

20 benzoxazolyl group.
8. The condensed cyclic compound as claimed in claim 3,
wherein R, is a group represented by one of the following

Formulae 5-1 to 5-60:

10

El

Q Q *

25
Formula 5-1
" N, (Z1D)a
wherein, in Formulae 4-1 to 4-35,* and *' are each a A
binding site to a neighboring atom. |
7. The condensed cyclic compound as claimed in claim 3, 30 &
wherein R, is selected from: Formula 5-2
a pyrrolyl group, a thiophenyl group. a furanyl group, an * X (Z11)es
imidazolyl group, a pyrazolyl group, a thiazolyl group, S N
an isothiazolyl group, an oxazolyl group, an isoxazolyl |
group, a pyridinyl group, a pyrazinyl group, a pyrim- 35 A
idinyl group, a pyridazinyl group, an isoindolyl group, Formula 5-3
an indolyl group, an indazolyl group, a purinyl group, " Z1n)et
a quinolinyl group, an isoquinolinyl group, a benzo- YA
quinolinyl group, a phthalazinyl group, a naphthyridi- | 7
nyl group, a quinoxalinyl group, a quinazolinyl group, 40 N
a cinnolinyl group, a phenanthridinyl group, an acridi- Formula 5-4
nyl group, a phenanthrolinyl group, a phenazinyl " N, (Z1)e
group, a benzoimidazolyl group, a benzofuranyl group, \( 7~
a benzothiophenyl! group, an isobenzothiazolyl group, a |
benzoxazolyl group, an isobenzoxazolyl group, a tri- 45 N A
azolyl group, a tetrazolyl group, an oxadiazolyl group, Forrnula 5-5
a triazinyl group, a dibenzofuranyl group, a dibenzo- . N Ca
thiophenyl group, a benzocarbazolyl group, a dibenzo- AN
carbazolyl group, a thiadiazolyl group, an imida- | j
zopyridinyl group, and an imidazopyrimidinyl group; 50 N/
and
a pyr.rolyl group, a thiopheny! group, a furapyl group, an X Zi)a Formula 3-6
imidazolyl group, a pyrazolyl group, a thiazolyl group, N:/\
an isothiazolyl group, an oxazolyl group, an isoxazolyl | 7
group, a pyridinyl group, a pyrazinyl group, a pyrim- 55 LN
idiny] group, a pyridazinyl group, an isoindolyl group,
an indolyl group, an indazolyl group, a purinyl group, T Fomula 57
a quinolinyl group, an isoquinolinyl group, a benzo- * A
quinolinyl group, a phthalazinyl group, a naphthyridi- | N
nyl. group, a quinoxalinyl group, a quinazolinyl group, 60 )
a cinnolinyl group, a phenanthridinyl group, an acridi-
nyl group, a phenanthrolinyl group, a phenazinyl Formula 5-8
benzoimidazolyl group, a benzofuranyl grou * N, F10es
group, a yl group, yl group, %
a benzothiophenyl! group, an isobenzothiazolyl group, a \( j
benzoxazolyl group, an isobenzoxazolyl group, a tri- 65 N N
azolyl group, a tetrazolyl group, an oxadiazolyl group, A

a triazinyl group, a dibenzofuranyl group, a dibenzo-
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N Formula 5-35 N N Formula 5-46
YN N N
(\/ \ Eindes 5 | Y \ Zies
N Formula 5-36
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| T @i N Formula 5-47
N/\/K* 10 N \
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) Formula 5-57 Formula 6-3
S %
T ~
4
X ; |
~7 Zn)e N
Formula 5-58
/Zu
*
Y N . N Formula 6-4
| %le 10 Y X
N
N N __#
Formula 5-59

0, Formula 6-5
| ~No
15 | ﬁ

\(Zl Ded
Formula 5-60 Formula 6-6

N
\\(211)64 . N Formula 6-7
25 Y ﬁ
wherein, in Formulae 5-1 to 5-60, |
Z,, and Z,, are each independently selected from a N\/N
hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino . N Formula 6-8
group, an amidino group, a hydrazine group, a hydra- 30
zone group, a carboxylic acid group or a salt thereof, a |
sulfonic acid group or a salt thereof, a phosphoric acid P
group or a salt thereof, a C,-C, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, a Formula 6-9
fluorenyl group, a spiro-fluorenyl group, a benzofluo- 55 § N\
renyl group, a dibenzofluorenyl group, a phenanthrenyl Y
group, an anthracenyl group, a pyrenyl group, a chry- N _#

senyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl Formula 6-10
group, an isoquinolinyl group, a quinoxalinyl group, a

%

quinazolinyl group, a carbazolyl group, a triazinyl 40 | N
group, a biphenyl group, a terphenyl group, and —Si Nz
Q) Qu) Q) .
wherein Q, ; to Q, 5 are each independently selected from Formula 6-11
aC,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl *
group, and a naphthyl group, 45 x
e2is 1 or?2, |
e3 is an integer selected from 1 to 3, N/
e4 is an integer selected from 1 to 4,
e5 1s an integer selected from 1 to 5, . Formula 6-12
e6 is an integer selected from 1 to 6, 50 N\
€7 1s an integer selected from 1 to 7, and |
* is a binding site to a neighboring atom. >
9. The condensed cyclic compound as claimed in claim 3, N
wherein R, is a group represented by one of the following Formula 6-13
Formulae 6-1 to 6-117: 55 H
N7 N
. N Formula 6-1 |
A A
60
| y . Formula 6-14
. Formula 6-2
X N \
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Formula 6-40
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wherein, in Formulae 6-1 to 6-117, * is a binding site to
a neighboring atom.
10. The condensed cyclic compound as claimed in claim
1, wherein R, to R and R, and R 5 are each independently
selected from:
ahydrogen, a deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group,
a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy
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a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from a deuterium,
—F, —C1, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, and a phosphoric acid group or a salt thereof;

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group,
a dibenzofluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluo-
ranthenyl 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, a ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imida-
zolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, an isoindolyl group,
an indolyl group, an indazolyl group, a purinyl group,
a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridi-
nyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, a phenanthridi-
nyl group, an acridinyl group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a ben-
zofuranyl group, a benzothiophenyl group, an isoben-
zothiazolyl group, a benzoxazolyl group, an isobenzo-
xazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group a dibenzosilolyl
group, a thiadiazolyl group, an imidazopyridinyl group,
and an imidazopyrimidinyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclopentenyl
group, a cyclohexenyl group, a phenyl group, a pen-
talenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group,
an acenaphthyl group, a fluorenyl group, a spiro-fluo-
renyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenalenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triph-
enylenyl 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, a ovalenyl group, a pyrrolyl group, a thiophenyl
group, a furanyl group, an imidazolyl group, a pyra-
zolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl group, a pyridinyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an inda-
zolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a
phthalazinyl group, a naphthyridinyl group, a quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group,
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a carbazolyl group, a phenanthridinyl group, an acridi-
nyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazoly! group, a benzofuranyl group,
a benzothiophenyl group, an isobenzothiazolyl group, a
benzoxazolyl group, an isobenzoxazolyl group, a tri-
azolyl group, a tetrazolyl group, an oxadiazolyl group,
a triazinyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, a thiadiazolyl group, an imida-

zopyridinyl group, an imidazopyrimidinyl group, and
fSi(st)(Qm)(st); and
—S1(Q3)(Q4)(Qs5),
wherein Q; to Q5 and Q5 to Q,5 are each independently
aC,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group.
11. The condensed cyclic compound as claimed in claim
1, wherein R to R, and R, and R ; are each independently
selected from a hydrogen, a deuterium, —F, —CI, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
group represented by one of the following Formulae 5-1 to
5-80, and —Si(Q;)(Q,)(Qs), in which Q, to Q5 are each
independently selected from a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, and a naphthyl group,
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Y1118 O, S, CZ13)(Z14), N(Zy5), or Si(Z,6)(Z45);
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Z,, to 7, are each independently selected from a hydro- _continued
gen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl Formula 6-6
group, a cyano group, a nitro group, an amino group, an Ny
amidino group, a hydrazine group, a hydrazone group, |
/

*

a carboxylic acid group or a salt thereof, a sulfonic acid

group or a salt thereof, a phosphoric acid group or a salt N

thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, Formula 6-7
a phenyl group, a naphthyl group, a fluorenyl group, a ¥ N\

spiro-fluorenyl group, a benzofluorenyl group, a diben- \( W

zofluorenyl group, a phenanthrenyl group, an anthra-

cenyl group, a pyrenyl group, a chrysenyl group, a 10 N\/N
pyridinyl group, a pyrazinyl group, a pyrimidinyl Formula 6-8
group, a pyridazinyl group, a quinolinyl group, an ' N\
isoquinolinyl group, a quinoxalinyl group, a quinazoli- |
nyl group, a carbazolyl group, a triazinyl group, a 7
bipheny! group, a terphenyl group, and —Si(Q,;)(Q,,) 1’
(le)s . N Formula 6-9
wherein Q, ; to Q, 5 are each independently selected from X
aC,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl \f
group, and a naphthyl group, N A
e2is1or?2, 20
€3 is an integer selected from 1 to 3, # Formula 6-10
ed4 is an integer selected from 1 to 4, S
e5 is an integer selected from 1 to 5, |
e6 1s an integer selected from 1 to 6, N A
€7 is an integer selected from 1 to 7, 25
€9 is an integer selected from 1 to 9, and X Formula 6-11

* is a binding site to a neighboring atom. AN
12. The condensed-cyclic compound as claimed in claim |
1, wherein: N/

R, to Rg and R, ; are each independently selected from a 30
hydrogen, a deuterium, —F, —CI, —Br, —I, a N Formula 6-12
hydroxyl group, a cyano group, a nitro group, an amino AN
group, an amidino group, a hydrazine group, a hydra- |
zone group, a carboxylic acid group or a salt thereof, a .
sulfonic acid group or a salt thereof, a phosphoric acid N
group or a salt thereof, a C,-C,, alkyl group, a C,-C,, 3 .
alkoxy group, a phenyl group, a naphthyl group, and
—S1(Q3)(Q4)(Qs), wherein Q; to Qs are each indepen-
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dently selected from a C,-C,, alkyl group, a C,-C, N
alkoxy group, a phenyl group, and a naphthyl group |
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60

wherein, in Formulae 6-1 to 6-157, * is a binding site to / \
a neighboring atom. Ry — (Ll)al‘]/\Q
13. The condensed cyclic compound as claimed in claim g5 o /‘
1, the compound represented by Formula 1 is represented by Re)ss
one of the following Formulae 1A to 1E:
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Formula 1E Formula 1-3
T Ra)ps X34
Vet ; XE
! Il
X7 X5
(Rs)ss
/g\/ X X3
10 [(RZ)bZ_(LZ)az'lz\ T
c \ ' 3 :\_Xl
Xzi
/ \/X23
15 Ri)pr——Lia
Dbl 1 11(1/\:./\ XgT’_XZZ
(Re)ss
L . . Formula 1-4
wherein, in Formulae 1A to 1E, ring A, ring A,, X, X,, 20
L,,L,,al,a2,L,;,L,, all, al2, R, to Ry, R, to Ry, ng/X“\X
bl to b6, b1l to bl3, cl, and c2 are defined the same /] 3
as nng Als I'lIlg A25 Xls Xzs L15 Lzs ala a2s Llls L12s all, X%
al2, R, toRy, R;; to Ry5, bl to b6, b1l to bl3, cl, and X31
25 Rs)ps I
¢2 of Formula 1.

14. The condensed cyclic compound as claimed in claim
1, the compound represented by Formula 1 is represented by
one of the following Formulae 1-1 to 1-7:
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Formula 1-7
X
X& 33~X32
(Ri)bs I
= XN X
<Rz>bz—<Lz>azM -
2 \ .\ A3‘:\_ X,
X5
\X24
/]
/ X3
Rpor— (L1
A
(Re)vs
wherein, in Formulae 1-1 to 1-7,

ring Ay, X, X,, Ly, Ly,al,a2, L, L5 all, al2, R | R,
Rs, Ry, Ry; o Ry, b1, b2, b3, b6, b1 to b13, cl, and
¢2 are defined the same as ring A, X, X5, L, L, al,
a2, L,,,L,,,all,al2, R, R,, Rs, Ry, Ry 0 R, b1, b2,
b3, b6, b1l to b13, ¢l, and ¢2 of Formula 1,

X,,18NorC(R,,), X,,is Nor C(R,,), X,; is Nor C(R, ),
X,4 18 N or C(R,,). X,5 18 N or C(R,5), X5 18 N or
C(R,¢), X5, 18 N or C(Ry;), X5, is N or C(R;,), X5; 1s
N or C(R;;), X5, 18 N or C(R;,), X,5 is N or C(R;5),
and X5 is N or C(R5),

R,, to R, are defined the same as R; of Formula 1, and
R;, to R4 are defined the same as R, of Formula 1.

15. The condensed cyclic compound as claimed in claim
1, the compound represented by Formula 1 is represented by
one of the following Formulae 1(1) to 1(42):
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Formula 1(21) Formula 1(24)
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Formula 1(40)
N,
I
Rsles  Ryz)pis T Rees
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/\/\

N Rl
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Formula 1(14)
AN
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/NY\
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A \y
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(Rl)bl—(Ll)al‘II/L‘/\

Re)ps

wherein, in Formulae 1(1) to 1(42),

X,,L,,L,al,a2,L,,,L,,,all,al2, R, o Ry, R, to R 5,
bl to b6, b1l to b13, cl, and ¢2 are defined the same
as X;, L;,L,,al,a2,L,,,L,,,all,al2, R, to Ry, Ry,
to Ry;, bl to b6, b1l to b13, cl, and c2 of Formula 1,

ba3 and bb3 are each independently an integer selected
from 0 to 3,

bad and bb4 are each independently an integer selected
from 0 to 4,

ba$ and bbS are each independently an integer selected
from 0 to 5, and

ba6 and bbb are each independently an integer selected
from 0 to 6.

16. The condensed cyclic compound as claimed in claim

1, the compound represented by Formula 1 is represented by
one of the following Formulae 1A-1 to 1A-3:
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Formula 1A-1
——R3)e3
Formula 1A-2
If" ~\“
Rslps  Ruzdeis VAL TR
(Ra)pa
Za
L)
Formula 1A-3
Rs)ps  Ruzdbis bA T Rad

-

Z2)as

wherein, in Formulae 1A-1 to 1A-3,

ring A, and ring A, are each independently selected from
a benzene group, a naphthalene group, a pyridine
group, a quinoline group, and an isoquinoline group,

Xy 18 N-[(Ly DRy pnn ]

L,, is a group represented by one of the following
Formulae 4-1 to 4-35,

allisOor 1,

R,, is a group represented by one of the following
Formulae 6-1 to 6-117,

bllis 1,

R, is a group represented by one of the following For-
mulae 6-1 to 6-157,

R, to Ry, Ry, Z,, and Z, are each independently selected
from a hydrogen, a deuterium, —F, —Cl1, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
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group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-C,,
alkoxy group, a phenyl group, and a naphthyl group,

b3 to b6, b13, d4, d5, and d8 are each independently 0, 1,
or 2:

Formula 4-1
*
: N
Formula 4-2
*
B
N
/ o
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Formula 4-5
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Formula 4-35
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Formula 6-152
*
Formula 6-153
*
Formula 6-154
*
Formula 6-155
*
Formula 6-156
&
*
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wherein, in Formulae 4-1 to 4-35 and Formulae 6-1 to
6-157, * and * are each a binding site to a neighboring
atom.

17. The condensed cyclic compound as claimed in claim
1, the compound represented by Formula 1 is one of the
following Compounds 1 to 36:
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_continued 18. An organic light-emitting device, comprising:
35 a first electrode

a second electrode facing the first electrode; and

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

wherein the organic layer includes the condensed-cyclic
compound as claimed in claim 1.

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

, wherein

the first electrode is an anode,

the second electrode is a cathode,

the organic layer includes:

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

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

at least one of the hole transport region and the emission
layer includes the condensed cyclic compound.

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

18, wherein the emission layer includes the condensed

cyclic compound.
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