US 20180240982A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2018/0240982 A1

KIM et al,

43) Pub. Date: Aug, 23,2018

(54)

(1)

(72)

(73)

21

(22)

(30)

POLYCYCLIC COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING
THE SAME

Applicant: SAMSUNG DISPLAY CO., LTD.,
Yongin-Si (KR)

Inventors: SEHUN KIM, Yongin-Si (KR);
Sooyoung Park, Seoul (KR); Chihyun
Ryoo, Seoul (KR); llThun Cho,
Yongin-Si (KR): Junghoon Yang, Seoul
(KR); Seyoung Jung, Seoul (KR);
Hyein Jeong, Seoul (KR)

Assignee: SEOUL NATIONAL UNIVERSITY
R&DB FOUNDATION, Seoul (KR)

Appl. No.: 15/700,344

Filed: Sep. 11, 2017

Foreign Application Priority Data

Feb. 23,2017 (KR) .o 10-2017-0024250

Publication Classification

(51) Int. CL
HOIL 51/00 (2006.01)
CO7D 265/38 (2006.01)
Co7D 213/16 (2006.01)
(52) US.CL

CPC ... HOIL 51/0071 (2013.01); HOIL 51/0059
(2013.01; CO7D 213/16 (2013.01); CO7D
265/38 (2013.01)

(57) ABSTRACT

A polycyclic compound and an organic light-emitting device
including the same are provided. The polycyclic compound
is represented by Formula 1:

<Formula 1>
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POLYCYCLIC COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2017-0024250,
filed on Feb. 23, 2017, the Korean Intellectual Property
Office, the disclosure of which is incorporated by reference
herein in its entirety.

1. Technical Field

[0002] Exemplary embodiments of the present invention
relate to a polycyclic compound, and more particularly to an
organic light-emitting device including the same.

2. Discussion of Related Art

[0003] Organic light-emitting devices may be self-emis-
sion devices that have relatively wide viewing angles, rela-
tively high contrast ratios, relatively short response times,
relatively high brightness and relatively fast response
speeds.

[0004] An example of such organic light-emitting devices
may include a first electrode disposed on a substrate, and a
hole transport region, an emission layer, an electron trans-
port 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. Carriers, such as holes
and electrons, may recombine in the emission layer to
produce excitons. These excitons may fall from an excited
state to a ground state, thus generating light.

SUMMARY

[0005] One or more exemplary embodiments of the pres-
ent invention include a polycyclic compound and an organic
light-emitting device including the same.

[0006] According to one or more exemplary embodiments
of the present invention, a polycyclic compound is repre-
sented by Formula 1:

<Formula 1>
R x, R
R, Ry
R3 O O Rg
Rs Rio
Ry
<Formula 2>
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<Formula 3>
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[0007] In Formulae 1 to 4,
[0008] X, may be O or S,
[0009] Y,,. Y,,, and Y,, may each independently be

selected from a single bond, C(R;,)(Rs,), Si(R;,)(R;,). O,
S, and N(R;,), and Y,, and Y,, are not a single bond at the
same time,

[0010] A,,. A, A,,, and A, may be each independently
a C;-Cy, group or a C,-Cg, heterocyclic group,

[0011] L,, L,;, and L,; may each independently be a
substituted or unsubstituted C;-C, carbocyclic group or a
substituted or unsubstituted C,-Cg, heterocyclic group,
[0012] al, all, and a21 may each independently be an
integer from 0 to 3, and, when al is two or more, two or
more L, (s) may be identical to or different from each other,
when all is two or more, too or more [, ,(s) may be identical
to or different from each other, and when a21 is two or more,
two or more L, (s) may be identical to or different from each
other,

[0013] Ar, may be selected from —F, —Cl, —Br, —, a
cyano group, a substituted or unsubstituted C,-Cg, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group,
a substituted or unsubstituted C,-C, alkynyl group, a sub-
stituted or unsubstituted C,-C,,, alkoxy group, a substituted
or unsubstituted C5-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,,, heterocycloalkyl group, a substituted
or unsubstituted Cq-C, aryl group, —N(Q,,)(Q;0,), and
—S(Q101):

[0014] R, to Ry,, R, Ry, Ry, and R, may each inde-
pendently be selected from a group represented by one of
Formulae 2 to 4, hydrogen, deuterium, —F, —Cl1, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a substituted
or unsubstituted C,-C, alkyl group, a substituted or unsub-
stituted C,-C, alkenyl group, a substituted or unsubstituted
C,-Cg alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,
heterocycloalkyl group, a substituted or unsubstituted
C;-C, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cq, aryl group, a substituted or unsubstituted
C4-C aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-Cg; het-
eroaryl group, a substituted or unsubstituted divalent non-
aromatic condensed polycyclic group, a substituted or
unsubstituted divalent non-aromatic condensed heteropoly-
cyclic group, —Si(Q,)(Q.)(Q;). —N(Q,)(Q,), —BQ))
(Qy), —S(=0),(Q,), and —P(=0)(Q,)Q>).

[0015] provided that each of R}, to R, R5;, Ry, Ry, and
R,, is not a group represented by one of Formulae 2 to 4,
[0016] atleast one of R, to R; may be a group represented
by Fornula 2 or Formula 3,
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[0017] atleast one of R, to R, may be a group represented
by Formula 4,
[0018] bl11,bl2,b21, and b22 may each independently be

an integer selected from 1 to 15, and, when b11 is two or
more, two or more R,,(s) may be identical to or different
from each other, when b12 is two or more, two or more
R, ,(s) may be identical to or different from each other, when
b21 is two or more, two or more R, ,(s) may be identical to
or different from each other, and when b22 is two or more,
two or more R,,(s) may be identical to or different from each
other,

[0019] at least one substituent of the substituted C;-Cy,
carbocyclic group, the substituted C,-Cq, heterocyclic
group, the substituted C,-C,, alkyl group, the substituted
C,-Cg, alkenyl group, the substituted C,-Cg, alkynyl group,
the substituted C,-Cy, alkoxy group, the substituted C5-C,,
cycloalkyl group, the substituted C,-C,, heterocycloalkyl
group, the substituted C;-C,, cycloalkenyl group, the sub-
stituted C,-C,, hetrocycloalkenyl group, the substituted
Cs-Coo aryl group, the substituted C4-Cq, aryloxy group, the
substituted C4-Cy,, arylthio group, the substituted C,-Cg,
heteroaryl group, the substituted monovalent non-aromatic
condensed polycystic group, and the substituted monovalent
non-aromatic condensed heteropolycyclic group may be
selected from:

[0020] deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazino group, a hydrazono group, a C,-C, alkyl
group, a C,-Cy, alkenyl group, a C,-Cg, alkynyl group, and
a C,-Cq, alkoxy group;

[0021] a C,-Cq4, group, a C,-Cg, alkenyl group, a C,-C,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cq, aryl group, a
Cs-Cep aryloxy group, a C4-Cgy arylthio group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic condensed
poly cyclic group, a monovalent non-aromatic condensed
heteropolycyclic  group, —Si(Q,,)(Q2)(Q13), —N(Qyy)
(Q1z)s *B(Qn)(le)s *C(:O)(Qn)s *S(:O)z(Qn)s
and —P(=0)(Q)(Q.,);

[0022] C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cq, aryl group, a Cy4-Ce,
aryloxy group, a C,-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group;
[0023] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cgp aryl group, a Cy4-Cep
aryloxy group, a C,-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazino
group, a hydrazono group, a C,;-Cg, 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
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group, a C,;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cqy, group, a C-Cy, aryloxy group,
a C4-Cy, arylthio group, a C,-C,, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group, a
biphenyl group, a terphenyl group, —Si(Q;)(Q4,)(Qs3),
—N(Q21)(Qz2), —B(Q,:)(Qx), —C(—0)(Qz1). —S(=0)
2(Qa1), and —P(=0)(Q,,)(Qx); and

[0024]  —Si(Q3)(Q32)Qs3), —N(Q51)(Qs2), —B(Qsy)
Egszgs 4C(:O)(Q31)s *S(:O)z(Q3 1)a and 7P(:O)(Q3l)

[0025] Qg5 Qo2 Q) 10 Qgy Qyy 10 Qy5, Qs 10 Qyy, and

Q5 to Q55 may each independently be selected from hydro-
gen, deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazino group, ahydrazono group, aC,-C, alkyl
group, a C,-Cy, alkenyl group, a C,-C,, alkynyl group, a
C,-Cg, alkoxy group, a C5-C,,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C,-Cq, aryl group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, a biphenyl group, and a
terphenyl group, and

[0026]

[0027] According to one or more exemplary embodiments
of the present invention, an organic light-emitting device
includes a first electrode; a second electrode facing the first
electrode; and an organic layer between the first electrode
and the second electrode, the organic layer including an
emission layer and at least one of the polycyclic compound
represented by Formula 1.

* indicates a binding site to a neighboring atom.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features of the present inven-
tion will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0029] FIG. 1 is a schematic view of an organic light-
emitting device according to an exemplary embodiment of
the present invention;

[0030] FIG. 2 is a graph showing light emission charac-
teristics of organic light-emitting devices including TADF
emitters, according to Example 1 and Comparative
Examples 1 and 2; and

[0031] FIG. 3 a graph showing external quantum effi-
ciency (EQE) and emission color with respect to a driving
current density in organic light-emitting devices including
TADF emitters, according to Example 1 and Comparative
Example 1 and 2.

DETAILED DESCRIPTION

[0032] Exemplary embodiments of the present invention
will be described below in more detail with reference to the
accompanying drawings. In this regard, the exemplary
embodiments may have different forms and should not be
construed as being limited to the exemplary embodiments of
the present invention described herein.

[0033] It is to be understood that values described as
substantially equal to each other may be equal to each other
to within a measurement error, or if measurably unequal, are
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close enough in value to be functionally equal to each other
as would be understood by a person having ordinary skill in
the art.

[0034] A polycyclic compound according to an exemplary
embodiment of the present invention may be represented by
Formula 1:

<Formula 1>
R x, K
Ry R;
R O O Rg
Rs Rio
Ry
<Formula 2>
*
(L1nat1
|
(Rll)bll_f:— A [ j Ap TR
e YT e
<Formula 3>
Rappar
R AU £ N
* (L21)a21—’—|: Ay [ /\[ Ay Rz
N
<Formula 4>
* (Lar—Ary.
[0035] In Formula 1,
[0036] X, may be O or S.
[0037] For example, X, may be O.
[0038] In Formulae 2 and 3, Y,,,Y,,, and Y,, may each

independently be selected from a single bond, C(R;;)(Rs,),
Si(R;;)(R;5,), O, S, and N(R;,), and a case where both Y ,,
and Y,, are a single bond at the same time is excluded.
[0039] In an exemplary embodiment of the present inven-
tion, Y,, may be selected from a single bond, C(R;,)(R;5,),
O, and S, and at least one of Y, or Y,, may be N(R;).
[0040] A, A, A, and A, in Formulae 2 and 3 may
each independently be a C,-Cq, carbocyclic group or a
C,-Cy, heterocyclic group.

[0041] In an exemplary embodiment of the present inven-
tion, A;;, Ay, Ay, and A,, may be selected from:

[0042] a phenyl group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, a spiro-fluorene-benzofluo-
rene group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, an anthracene group. a triphenylene
group, a pyrenylene group, a chrysenylene group, a pyrrole
group, a thiophene group, a furan group, an imidazole group,
a pyrazole group, a thiazole group, an isothiazole group, an
oxazole group, an isoxazole group, a pyridine group, a
pyrazinine group, a pyrimidine group, a pyridazinine group,
a quinolinine group, an isoquinolinine group, a benzoqui-
nolinine group, a quinoxalinine group, a quinazolinine
group, an indole group, a carbazole group, a benzimidazole
group, a benzofuran group, a benzothiophene group, an
iso-benzothiazole group, a benzoxazole group, an isoben-
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zoxazole group, an oxadiazole group, a triazine group, a
dibenzofuran group. a benzonaphthofuran group, a diben-
zothiophene group, a dibenzosilole group, a benzocarbazole
group, an indolocarbazole group, a dibenzocarbazole group,
an imidazopyridine group, and an imidazopyrimidine group;
and

[0043] a phenyl group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, a spiro-fluorene-benzofluo-
rene group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, an anthracene group, a triphenylene
group, a pyrenylene group, a chrysenylene group, a pyrrole
group, a thiophene group, a furan group, an imidazole group,
a pyrazole group, a thiazole group, an isothiazole group, an
oxazole group, an isoxazole group, a pyridine group, a
pyrazinine group, a pyrimidine group, a pyridazinine group,
a quinolinine group, an isoquinolinine group, a benzoqui-
nolinine group, a quinoxalinine group, a quinazolinine
group, an indole group, a carbazole group, a benzimidazole
group, a benzofuran group, a benzothiophene group, an
iso-benzothiazole group, a benzoxazole group, an isoben-
zoxazole group, an oxadiazole group, a triazine group, a
dibenzofuran group. a benzonaphthofuran group, a diben-
zothiophene group, a dibenzosilole group, a benzocarbazole
group, an indolocarbazole group, a dibenzocarbazole group,
an imidazopyridine group, and an imidazopyrimidine group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, a C,-C,, alkyl group, a C,-C, , alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a 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 benzoquinoli-
nyl group, a quinoxalinyl group, a quinazolinyl group, an
indolyl group, a carbazolyl group, a benzimidazolyl group,
a benzofuranyl group, a benzothiophenyl group, an isoben-
zothiazolyl group, a benzoxazolyl group, an isobenzox-
azolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a benzonaphthofuranyl group, a
dibenzothiophenyl group, a dibenzosilolyl group, a benzo-
carbazolyl group, an indolocarbazolyl group, a dibenzocar-
bazolyl group, an imidazopyridinyl group, an imidazopy-
rimidinyl ~ group, —Si(Q;,)(Q5,)(Qs3), —B(Q31)(Qs),
4C(:O)(Q3 1): *S(:O)z(Qsl)s and *P(:O)(Qs 1)(Q32)~
[0044] For example, A,;,, A5, A,;, and A,, may be
selected from: a phenyl group and a carbazole group; and a
phenyl group substituted with at least one carbazolyl group.
[0045] L,, L,,, and L,, in Formulae 2 to 4 may each
independently be a substituted or unsubstituted C,-C,,, car-
bocyclic group or a substituted or unsubstituted C,-Cg,
heterocyclic group.

[0046] In an exemplary embodiment of the present inven-
tion, L, L, and L,, may each independently be selected
from:

[0047] aphenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-bifluorenylene
group, a spiro-fluorene-benzofluorenylene group, a benzo-



US 2018/0240982 Al

fluorenylene group, a dibenzofluorenylene group, a phenale-
nylene group, a phenanthrenylene group, an anthracenylene
group, a fluoranthenylene group, a triphenylenylene group,
a pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picanylene group, a perylenylene group, a
pentaphenylene group, a hexacenylene group, a pentace-
nylene group, a rubicenylene group, a coronenylene group,
an ovalenylene group, a pyrrolylene group, a thiophenylene
group, a furanylene group, an imidazolylene group, a pyra-
zolylene group, a thiazolylene group, an isothiazolylene
group, an oxazolylene group, an isoxazolylene group, a
pyridinylene group, a pyrazinylene group, a pyrimidinylene
group, a pyridazinylene group, an isoindolylene group, an
indolylene group, an indazolylene group, a purinylene
group, a quinolinylene group, an isoquinolinylene group, a
benzoquinolinylene group, a phthalazinylene group. a naph-
thyridinylene group, a quinoxalinylene group, a quinazoli-
nylene group, a cinnolinylene group, a carbazolylene group,
a phenanthridinylene group, an acridinylene group, a
phenanthrolinylene group, a phenazinylene group, a benz-
imidazolylene group, a benzofuranylene group, a benzoth-
iophenylene group, an isobenzothiazolylene group, a ben-
zoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an oxadiazolylene
group, a triazinylene group, a dibenzofuranylene group, a
dibenzothiophenylene group, a dibenzosilolylene group, a
benzocarbazolylene group, a dibenzocarbazolylene group, a
thiadiazolylene group, an imidazopyridinylene group, and
an imidazopyrimidinylene group; and

[0048] a phenylene group, a pentatenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-bifluorenylene
group, a spiro-fluorene-benzofluoranylene group, a benzo-
fluorenylene group, a dibenzofluorenylene group, a phenale-
nylene group, a phenanthrenylene group, an anthracenylene
group, a fluoranthenylene group, a triphenylenylene group,
a pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene group, a
pentaphenylene group, a hexacanylene group, a pentace-
nylene group, a rubicenylene group, a coronenylene group,
an ovalenylene group, a pyrrolylene group, a thiophenylene
group, a furanylene group, an imidazolylene group, a pyra-
zolylene group, a thiazolylene group, an isothiazolylene
group, an oxazolylene group, an isoxazolylene group, a
pyridinylene group, a pyrazinylene group, a pyrimidinylene
group, a pyridazinylene group, an isoindolylene group, an
indolylene group, an indazolylene group, a purinylene
group, a quinolinylene group, an isoquinolinylene group, a
benzoquinolinylene group, a phthalazinylene group, a naph-
thyridinylene group, a quinoxalinylene group, a quinazoli-
nylene group, a cinnolinylene group, a carbazolylene group,
a phenanthridinylene group, an acridinylene group, a
phenanthrolinylene group, a phenazinylene group, a benz-
imidazolylene group, a benzofuranylene group, a benzoth-
iophenylene group, an isobenzothiazolylene group, a ben-
zoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an oxadiazolylene
group, a triazinylene group, a dibenzofuranylene group, a
dibenzothiophenylene group, a dibenzosilolylene group, a
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benzocarbazolylene group, a dibenzocarbazolylene group, a
thiadiazolylene group, an imidazopyridinylene group, and
an imidazopyrimidinylene group, each substituted with at
least one selected from deuterium, —F, —CI, —Br, —1I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a C,-C,, alkyl
group, a C,-C,,, alkoxy group, a cyclopentyl group, a cyclo-
hexyl group, a cycloheptyl group, a cyclopentenyl group, a
cyclohexenyl group, a phenyl group, a biphenyl group, a
terphenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a 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, art 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 phenaziny! group, a benzimidazolyl 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 dibenzosilolylene group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a thiadiazolyl group, an
imidazopyridinyl group, an imidazopyrimidinyl group, —Si
QN Qs) Q) —NQ Qa2 —BQ; )Qs). —C(=0)
(Qs1). —S(=0),(Q;,), and P(—0)(Q;,)(Qs,), and
[0049] Q,, to Q,;; may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a phenyl group substituted with a C,-C,, alkyl group,
a biphenyl group, a terphenyl group, a naphthyl group, and
a dibenzofuranyl group.

[0050] al, all, and a2l in Formulae 2 to 4 may each
independently be an integer selected from 0 to 3, al, all,
and a2l respectively indicate the number of L,(s), the
number of L, (s), and the number of L, ,(s), and, when al is
two or more, two or more L, (s) may be identical to or
different from each other, when all is two or more, two or
more L, (s) may be identical to or different from each other,
and when a2l is two or more, two or more [,,(s) may be
identical to or different from each other. For example, all
may be zero and a2] may be zero, but exemplary embodi-
ments of the present invention are not limited thereto. For
example, al may be zero, but exemplary embodiments of the
present invention are not limited thereto.

[0051] In an exemplary embodiment of the present inven-
tion, the group represented by Formula 2 may be selected
from groups represented by Formulae 2-1 to 2-7:
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[0052] In Formulae 2-1 to 2-7:

[0053] Y,,.L,,, all, R;,, R}, bll, and bl2 may each
independently be the same as described above, and

[0054] R,; may be the same as R;; and R,,, described
above.
[0055] In an exemplary embodiment of the present inven-

tion, the group represented by Formula 3 may be selected
from groups represented by Formulae 3-1 to 3-13:

31
Rap)p21
z You
/l S
Laai—— ‘ | T Rasz

Va

&

Y2
32

Rap)p21

M

“
Lo ‘

AN

Rap)p21

H

‘-
Lapa2—y— ‘

%

Ro2)s2



US 2018/0240982 A1
-continued
34
Raps21 /R23
il
* LoDar—— |
N
(Ra2)a2
35
R
(Ra a1 (Raz)sn2
/ ”
* oo |
3-6
(|
* LoDar——
3-7
Rzl
Rap)e21
o
g LoD — |
3-8
Yy N
*——(La1)az | T R
R~y Y2 7
39
N
* | —— R
F

Rasa

Aug. 23,2018

-continued
3-10
*
R
2\3 (La1)a21
N |/ Y
\/ AN
{ | | T Rzl
/ ) Y 7
Ranp2 ™\ ==
3-11

(R21)b21/§\\'/(L21)a21
. |/ Yo \
’
v | | — Radsm
‘\\\ : ,/’/
Y»

N
/

Ras

Raveat Rys
/
(>\N
>< Yy N
| T Rz
X
PN

Rap)ei

Rzz/N |7 Y2 AN
| | T Ra2Jez
N\
N F
/ Y2

(LD

/

3-12

[0056] In Formulae 3-1 to 3-13.

[0057] Y,,, Y, Ly, a21, R,;, R,,, b21, and b22 may
each independently be the same as described above, and

[0058] R, may be the same as R,; and R,,, described
above.
[0059] b1l bl2, b21, and b22 may each independently be

an integer selected from 1 to 15. bl1, b12, b21, and b22
respectively indicate the number of R ,(s), the number of
R,,(s), the number of R,,(s), and the number of R,,(s), and,
when bll is two or more, two or more R,,(s) may be
identical to or different from each other, when b12 is two or
more, two or more R,,(s) may be identical to or different
from each other, when b21 is two or more, two or more
R,,(s) may be identical to or different from each other, and
when b22 is two or more, two or more R,,(s) may be
identical to or different from each other. For example, bl1,
b12, b21, and b22 may each independently be an integer
selected from 1 to 6, but exemplary embodiments of the
present invention are not limited thereto.
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[0060] Ar, in Formula 4 may be selected from —F, —Cl,
—Br, —I1, a cyano group, a substituted or unsubstituted
C,-Ceo alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-Cg, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C,-C, , cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C4-Cg, aryl group, —N(Q, ;)
(Q102), and —S(Q,(,).

[0061] In an exemplary embodiment of the present inven-
tion, Ar, in Formula 4 may be selected from:

[0062] —F,—Cl,—Br, —I, a cyano group, a C,-C,, alkyl
group, a C,-C,, alkenyl group, a C,-C,, alkynyl group, a
C,-C,q alkoxy group, a C,-C, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C¢-C,, aryl group, —N(Q,o;)
(Q102), and —S(Q,¢,); and

[0063] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from —F, —Cl,
—Br, —I, and a C,-C,, alkyl group.

[0064] For example, Ar, in Formula 4 may be selected
from —F, a cyano group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, heterocycloalkyl group, N(Q,,)
(Q.02)s @ C,-C,, alkyl group substituted with at least one
—F, and a C,-C,, alkoxy group substituted with at least one
C,-C,, alkyl group, but exemplary embodiments of the
present invention are not limited thereto.

[0065] R, to Ry5, Ry, Rys, Ry, and Ry, may each inde-
pendently be selected from a group represented by one of
Formulae 2 to 4, hydrogen, deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a substituted
or unsubstituted C,-Cy, alkyl group, a substituted or unsub-
stituted C,-Cg, alkenyl group, a substituted or unsubstituted
C,-C, alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C;-C,
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C,-C,, cycloalkeny! group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C,-Cq, aryl group, a substituted or unsubstituted
Cs-Cgo aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted divalent non-
aromatic condensed polycyclic group, and a substituted or
unsubstituted divalent non-aromatic condensed heteropoly-
cyclic group, —Si(Q,)(Q,)(Q5), —N(Q,)(Q., —B(Q,)(Q>),
—S(=0),(Q)): and —P(=0)(Q,}(Q,);

[0066] provided that each of R;; to R, Ryi, Ry, Ry,
R;,, and R;, is not a group represented by one of Formulae
2t0 4.

[0067] at least one of R, to Ry to may be a group repre-
sented by Formula 2 or Formula 3, and

[0068] atleast one of Ry to R, may be a group represented
by Formula 4.
[0069] Inexemplary embodiment of the present invention,

R, to R}, in Formula 1 may each independently be selected
from:

[0070] a group represented by one of Formulae 2 to 4,
hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, a C,-C,, alkyl group,
or a C,-C,, alkoxy group;

[0071] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a spiro-fluorene-benzofluorenyl group, a ben-
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zofluorenyl group, a dibenzofluorenyl group, a phenanthre-
nyl 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 benzoquinoli-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazoly! group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a benzonaphthofuranyl group, a dibenzothiophenyl
group, a dibenzosilolyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group;

[0072] a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a 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 benzoquinoli-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a benzonaphthofuranyl group, a dibenzothiophenyl
group, a dibenzosilolyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a pheny! group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a 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 benzimidazolyl
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 benzonaphthofuranyl group, a
dibenzothiophenyl group, a dibenzosilolyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, —Si(Q5,)
(Q:2)Q53), —B(Q5)(Q5,), —C(=0)Q5), —S(=0),
(Qs1), and —P(=0)(Q5,)(Q3,): and

[0073] —Si(Q)(Q)(Qs), BQ)(Qy), —C=0)Q)).
—S(=0),(Q)), and —P(=0)(Q,)(Qs), and

[0074] Q, to Q;and Q;, to Q;; may each independently be
selected from a C,-C,, alkyl group, a C,-C,, alkoxy group,
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a phenyl group, a phenyl group substituted with a C,-C,, -continued
alkyl group, a biphenyl group, a terphenyl group, a naphthyl 4

group, and a carbazolyl group. 7

[0075] Inexemplary embodiment of the present invention,

R; may be a group represented by Formula 2 or Formula 3.

[0076] In an exemplary embodiment of the present inven- N -

tion, RRy, Ry, R, to R, Ry, and R, may each be hydrogen.

0)
[0077] For example, may be a group represented by For-
mula 2 or Formula 3, and Ry may be a group represented by

Formula 4, but exemplary embodiments of the present
invention are not limited thereto. For example, R, may be a
group represented by Formula 2, and Ry may be a group
represented by Formula 4, but exemplary embodiments of
the present invention are not limited thereto.

0]
[0078] A difference between a singlet energy level and a
triplet energy level of the polycyclic compound may be 0.3
eV or less.
N N

[0079] The polycyclic compound represented by Formula

1 may be selected from Compounds 1 to 9, but exemplary 0
embodiments of the present invention are not limited

thereto:

z,
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-continued

o]

[0080] The polycyclic compound may have both a sub-
stituent exhibiting characteristics of an electron withdrawing
group (EWG) and a substituent exhibiting characteristics of
an electron donating group (EDG) within the compound,
and a difference between singlet energy and triplet energy of
the entire compound may be adjusted by introducing these
substituents at appropriate positions. In this manner, ther-
mally activated delayed fluorescence (TADF) may be exhib-
ited.

[0081] As described above, the singlet energy and the
triplet energy of the polycyclic compound satisfy the fol-
lowing equation:

AEst=S1-T1=0.3 eV.

[0082] An existing TADF emitter may be manufactured
through a combination of substituents having various char-
acteristics of the EWG and the EDG. Even though the TADF
emitter can exhibit high-efficiency TADF characteristics,
there may be limitations in adjusting electronic structures of
molecules. For example, since an emission wavelength
region may be relatively wide, color purity may be relatively
low.

[0083] The polycyclic compound may include a structure
of Formulae 1 to 4. As an example, the polycyclic compound
may have a structure in which left and right sides thereof are
asymmetrical with respect to a carbonyl group. Due to a
benzophenone structure, TADF characteristics similar to an
existing TADF emitter may be maintained. Due to the lateral
asymmetrical structure, color purity may be increased and
the emission wavelength region may be adjusted.

[0084] The polycyclic compound may include, in addition
to the lateral symmetrical structure, the structure of Formula
4 as a substituent. Thus, it is possible to finely adjust the
emission region and adjust CIE color coordinates.

[0085] Since the structure of Formula 1 includes a sub-
stituent having characteristics of an EWG or an EDG at a
parallel position with respect to the carbonyl group, the
introduction of the substituent may exhibit an effect of
changing only charge movement characteristics within the
compound while not changing the basic light emission of the
TADF emitter.

[0086] Synthesis methods of the polycyclic compound
represented by Formula 1 may be recognizable by those of
ordinary skill in the art by referring to Examples provided
below.

[0087] At least one polycyclic compound represented by
Formula 1 may be used between a pair of electrodes of an
organic light-emitting device. For example, the polycyclic
compound may be included in at least one of a hole transport
region, an electron transport region, and an emission layer.
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[0088] Thus, an organic light-emitting device may
include: 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 may include an
emission layer and at least one of the polycyclic compound
(e.g., the polycyclic compound represented by Formula 1).
[0089] The expression “(an organic layer) includes at least
one of the polycyclic compound” used herein may include a
case in which (an organic layer) includes one or more of the
polycyclic compounds represented by Formula 1 or a case in
which (an organic layer) includes two or more different
polycyclic compounds.

[0090] In an exemplary embodiment of the present inven-
tion, the first electrode may be an anode and the second
electrode may be a cathode. The organic layer may include
a hole transport region between the first electrode and the
emission layer and an electron transport region between the
emission layer and the second electrode. The hole transport
region may include a hole injection layer, a hole transport
layer, an emission auxiliary layer, an electron blocking layer,
or any combination thereof. The electron transport region
may include a buffer layer, a hole blocking layer, an electron
control layer, an electron transport layer, an electron injec-
tion layer, or any combination thereof.

[0091] In an exemplary embodiment of the present inven-
tion, the emission layer may include the polycyclic com-
pound (e.g., the polycyclic compound represented by For-
mula 1).

[0092] Forexample, the polycyclic compound included in
the emission layer may be a TADF emitter, and

[0093] the emission layer may emit delayed fluorescence.
[0094] As an example, the emission layer may include the
polycyclic compound (e.g., the polycyclic compound rep-
resented by Formula 1).

[0095] As an example, the emission layer may include a
host, and an amount of the polycyclic compound (e.g., the
polycyclic compound represented by Formula 1) may be in
a range of 0.1 parts by weight to about 50 parts by weight
based on 100 parts by weight of the emission layer.

[0096] In an exemplary embodiment of the present inven-
tion, the hole transport region may include a p-dopant, of
which a LUMO energy level is =3.5 eV or less.

[0097] The term “organic layer” used herein refers to a
single layer and/or a plurality of layers disposed between the
first electrode and the second electrode of the organic
light-emitting device. However, a material included in the
“organic layer” is not limited to an organic material.
[0098] FIG. 1 is a schematic view of an organic light-
emitting device according to an exemplary embodiment of
the present invention. FIG. 1 is a schematic view of an
organic light-emitting device 10 according to an exemplary
embodiment of the present invention. The organic light-
emitting device 10 may include a first electrode 110, an
organic layer 150, and a second electrode 190.

[0099] A structure of the organic light-emitting device 10
according to an exemplary embodiment of the present
invention and a method of manufacturing the organic light-
emitting device 10 will be described in more detail below
with reference to FIG. 1.

[0100] Referring to FIG. 1, a substrate may be disposed
under the first electrode 110 or above the second electrode
190. The substrate may be a glass substrate or a plastic
substrate, each having excellent mechanical strength, ther-
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mal stability, transparency, surface smoothness, ease of
handling, and water resistance.

[0101] The first electrode 110 may be formed by depos-
iting or sputtering a material for forming the first electrode
110 on the substrate. When the first electrode 110 is an
anode, the material for a first electrode may be selected from
materials with a relatively high work function to facilitate
hole injection.

[0102] The first electrode 110 may be a reflective elec-
trode, a semi-transmissive electrode, or a transmissive elec-
trode. When the first electrode 110 is a transmissive elec-
trode, a material for forming the first electrode 110 may be
selected from indium tin oxide (ITO), indium zinc oxide
(IZ0), tin oxide (Sn0O,), zinc oxide (ZnO), and any combi-
nations thereof, but exemplary embodiments of the present
invention are not limited thereto. In an exemplary embodi-
ment of the present invention, when the first electrode 110
is a semi-transmissive electrode or a reflectable electrode, a
material for forming the first electrode 110 may be selected
from magnesium (Mg), silver (Ag), aluminum (Al), alumi-
num-lithium (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), and any combina-
tions thereof, but exemplary embodiments of the present
invention are not limited thereto.

[0103] The first electrode 110 may have a single-layered
structure, or a multi-layered structure including two or more
layers. For example, the first electrode 110 may have a
three-layered structure of ITO/Ag/ITO, but the structure of
the first electrode 110 is not limited thereto.

[0104] The organic layer 150 is disposed on the first
electrode 110. The organic layer 150 may include an emis-
sion layer.

[0105] The organic layer 150 may further include a hole
transport region between the first electrode 110 and the
emission layer, and an electron transport region between the
emission layer and the second electrode 190.

[0106] The hole transport region may have i) a single-
layered structure including a single layer including a single
material, ii) a single-layered structure including a single
layer including a plurality of different materials, or iii) a
multi-layered structure having a plurality of layers including
a plurality of different materials.

[0107] The hole transport region may include at least one
layer selected from a hole injection layer (HIL), a hole
transport layer (HTL), an emission auxiliary layer, and an
electron blocking layer (EBL).

[0108] As an example, the hole transport region may have
a single-layered structure including a single layer including
a plurality of different materials, or a multi-layered structure
having a hole injection layer/hole transport layer structure,
a hole injection layer/hole transport layer/emission auxiliary
layer structure, a hole injection layer/emission auxiliary
layer structure, a hole transport layer/emission auxiliary
layer structure, or a hole injection layer/hole transport layer/
electron blocking layer structure For each structure of the
hole transport region, the included layers may be sequen-
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tially stacked from the first electrode 110 in this stated order,
but the structure of the hole transport region is not limited
thereto.

[0109] The hole transport region may include at least one
selected from m-MTDATA, TDATA, 2-TNATA, NPB
(NPD), B-NPB, TPD, Spiro-TPD, Spiro-NPB, methylated-
NPB, TAPC, HMTPD: 4.4'4"-tris(N-carbazolyl)triph-
enylamine (TCTA), polyaniline/dodecylbenzenesulfonic
acid (PANI/DBSA), poly (3,4-ethylenedioxythiophene)/
poly(4-styrenesulfonate) (PEDOT/PSS), polyaniline/cam-
phor sulfonic acid (PANI/CSA), polyaniline/poly(4-styrene-
sulfonate) (PANI/PSS), a compound represented by Formula
201, and a compound represented by Formula 202:
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-continued
<Formula 202>

(L203)xa3—Ra03

N—(Lags)ras—N

Roor——L201)za1

Rooz=—(1202)xa2 (L204)xa4—Ro0s-

[0110] In Formulae 201 and 202:

[0111] L, to L,y, may each independently be selected
from a substituted or unsubstituted C;-C,, cycloalkylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkylene group, a substituted or unsubstituted C;-C,,
cycloalkenylene group, a substituted or unsubstituted
C,-C,, heterocycloalkenylene group; a substituted or unsub-
stituted C4-Cgy, arylene group, a substituted or unsubstituted
C,-Cgo heteroarylene group, a substituted or unsubstituted
divalent non-aromatic condensed polycyclic group, and a
substituted or unsubstituted divalent non-aromatic con-
densed heteropolycyclic group,

[0112] L,,5 may be selected from *—O—*' *—S—*
*—N(Q,0)—*, a substituted or unsubstituted C,-C,, alky-
lene group, a substituted or unsubstituted C,-C,,, alkenylene
group, a substituted or unsubstituted C5-C,, cycloalkylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkylene group, a substituted or unsubstituted C;-C,,
cycloalkenylene group, a substituted or unsubstituted
C,-C,, heterocycloalkenylene group, a substituted or unsub-
stituted C-Cg, arylene group, a substituted or unsubstituted
C,-Cg, heteroarylene group, a substituted or unsubstituted
divalent non-aromatic condensed polycyclic group, and a
substituted or unsubstituted divalent non-aromatic con-
densed heteropolycyclic group,

[0113] xal to xa4 may each independently be an integer
selected from 0 to 3,

[0114] xaS may be an integer selected from 1 to 10,
[0115] R, to Ryo, and Q,,, may each independently be
selected from a substituted or unsubstituted C,-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cq, aryl group, a substituted or unsubstituted
Cs-Cep aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-C, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.

[0116] For example, in Formula 202, R,,, and R,,, may
be chemically linked to each other via a single bond, a
dimethyl-methylene group, or a diphenyl-methylene group,
and R,; and R,,, may also be chemically linked to each
other via a single bond, a dimethyl-methylene group, or a
diphenyl-methylene group.

[0117] In an exemplary embodiment of the present inven-
tion, in Formulae 201 and 202:

[0118] L, to L,o5 may each independently be selected
from:
[0119] a phenylene group, a pentalenylene group, an inde-

nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-bifluorenylene
group, a benzofluorenylene group, a dibenzofluorenylene

12
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group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexace-
nylene group, a pentacenylene group, a rubicenylene group,
a coronenylene group, an ovalenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, and a pyridinylene group;

[0120] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-bifluorenylene
group, a benzofluorenylene group, a dibenzofluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group; a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexace-
nylene group, a pentacenylene group, a rubicenylene group,
a coronenylene group, an ovalenylene group, a thiophe-
nylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofura-
nylene group, a benzothiophenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, and a pyridinylene group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C;-C,, alkyl group, a C,;-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclopentenyl group, a cyclohexenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a phenyl group
substituted with a C,-C,, alkyl group, a phenyl group
substituted with —F, a pentalenyl group, an indenyl group,
a naphthyl group, an azulenyl group, a heptalenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a 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 thiophenyl
group, a furanyl group, a carbazolyl group, an indolyl group,
an isoindolyl group, a benzofuranyl group, a benzothiophe-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzosilolyl group, a pyridinyl group, —Si(Q;,)(Q5,)
(Q33), and —N(Q5,)(Qs,); and

[0121] Q;, to Q,; may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, and a naphthyl
group.

[0122] In an exemplary embodiment of the present inven-
tion, xal to xa4 may each independently be 0, 1, or 2.

[0123] In an exemplary embodiment of the present inven-
tion, xa5 may be 1, 2, 3, or 4.
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[0124] In an exemplary embodiment of the present inven-
tion, R,y to R,q, and Q,,, may each independently be
selected from a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a thiophenyl
group, a furanyl group, a carbazolyl group, an indolyl group,
an isoindolyl group, a benzofuranyl group, a benzothiophe-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzosilolyl group, and a pyridinyl group;

[0125] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a thiophenyl
group, a furanyl group, a carbazolyl group, an indolyl group,
an isoindolyl group, a benzofuranyl group, a benzothiophe-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzosilolyl group, and a pyridinyl group, each substi-
tuted with at least one selected from deuterium, —F, —Cl,
—Br, —1I, a hydroxyl group, a cyano group, a nitro group,
an amidino group, a hydrazino group, a hydrazono group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyolo-
pentenyl group, a cyclohexenyl group, a phenyl group, a
biphenyl group, a terphenyl group, a phenyl group substi-
tuted with a C,-C,, alkyl group, a phenyl group substituted
with —F, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phanalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a thiophenyl
group, a furanyl group, a carbazolyl group, an indolyl group,
an isoindolyl group, a benzofuranyl group, a benzothiophe-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzosilolyl group, a pyridinyl group, —Si(Q;;)(Q5,)
(Qs3), and —N(Q;5,)(Qs,); and

[0126]
[0127] In an exemplary embodiment of the present inven-

tion, at least one selected from R, to R,; in Formula 201
may each independently be selected from:

Q,, to Q,, may be the same as described above.
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[0128] a fluorenyl group, a spiro-bifluorenyl group, a
carbazolyl group, a dibenzofuranyl group, and a dibenzoth-
iophenyl group; and

[0129]
carbazolyl group, a dibenzofuranyl group, and a dibenzoth-

a fluorenyl group, a spiro-bifluorenyl group, a

iophenyl group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclopentenyl group, a cyclohexenyl
group, a phenyl group, a biphenyl group, a terphenyl group,
a phenyl group substituted with a C,-C,, alkyl group, a
phenyl group substituted with —F, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, but exemplary embodiments of the present invention
are not limited thereto.

[0130] In an exemplary embodiment of the present inven-
tion, in Formula 202, i) R,,, and R,,, may be linked via a
single bond, and/or i) R,,, and R,,, may be linked via a
single bond.

[0131] In an exemplary embodiment of the present inven-
tion, at least one selected from R, to R, in Formula 202
may be selected from:

[0132]

[0133] a carbazolyl group, substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a phenyl group, a biphenyl group, a terphe-
nyl group, a phenyl group substituted with a C,-C, alkyl
group, a phenyl group substituted with —F, a naphthyl
group, a fluorenyl group, a spiro-bifluorenyl group, a car-
bazolyl group, a dibenzofuranyl group, and a dibenzothio-
phenyl group, but exemplary embodiments of the present
invention are not limited thereto.

[0134] The compound represented by Formula 201 may be
represented by Formula 201A.

a carbazolyl group; and

<Formula 201 A>

Rus g
4 Pl Roiz

|
/(L202)xa2_|

I
|—(L201)m1—N

(L203)xa3—Ra03

[0135] For example, the compound represented by For-
mula 201 may be represented by Formula 201A(1), but
exemplary embodiments of the present invention are not
limited thereto:
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<Formula 201A(1)>

[0136]
tion, the compound represented by Formula 201 may be
represented by Formula 201A-1, but exemplary embodi-

In an exemplary embodiment of the present inven-

ments of the present invention are not limited thereto:

<Formula 201 A-1>

(La03ka3—Ra03

[0137]
tion, the compound represented by Formula 202 may be

In an exemplary embodiment of the present inven-

represented by Formula 202A:

<Formula 202A>

}{111 Rz

4y

\
Rapz a5 Roos
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[0138] 1In an exemplary embodiment of the present inven-
tion, the compound represented by Formula 202 may be
represented by Formula 202A-1:

<Formula 202A-1>

}{zn Rop
1
N N

N
|
N *F\ - N
i
Rz/oz \/ \R204

Rois—- T Ra6
xa5

7\

[0139]
202A-1:

[0140]
be the same as described above,

[0141] R,,, and R,,, may be the same as described in
connection with R,g,, and

[0142] R,,; to R,,, may each independently be selected
from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a phenyl group, a biphenyl group, a terphe-
nyl group, a phenyl group substituted with a C,-C,, alkyl
group, a phenyl group substituted with —F, a pentalenyl
group, an indenyl group, a naphthyl group, an azulenyl

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

Lo t0 Lsgs, xal to xa3, xa5, and R, to Ryo, may

group, a heptalenyl group, an indacenyl group, an acenaph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl group, a
pentacenyl group, a rubicenyl group, a coronenyl group, an
ovalenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocabazolyl group, a dibenzosilolyl
group, and a pyridinyl group.

[0143] The hole transport region may include at least one
compound selected from Compounds HT1 to HT39, but
exemplary embodiments of the present invention are not
limited thereto:
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-continued
HT36 HT37
NS
.,NN D
HT38 HT39

e

[0144] A thickness of the hole transport region may be in
arange of from about 100 A to about 10,000 A, for example,
from about 100 A to about 1,000 A. When the hole transport
region includes at least one selected from a hole injection
layer or a hole transport layer the thickness of the hole
injection layer may be in a range of from about 100 A to
about 9,000 A, for example, from about 100 A to about
1,000 A, and the thickness of the hole transport layer may be
in a range of from about 50 A to about 2,000 A, for example,
from about 100 A to about 1,500 A. When the thicknesses
of the hole transport region, the hole injection layer and the
hole transport layer are within these ranges, satisfactory hole
transporting characteristics may be obtained without a sub-
stantial increase in driving voltage.

[0145] The emission auxiliary layer may increase light-
emission efficiency by compensating for an optical reso-
nance distance according to the wavelength of light emitted
by an emission layer, and the electron blocking layer may
block the flow of electrons from an electron transport region.
The emission auxiliary layer and the electron blocking layer
may include the materials as described above.

o]
O Z O

o
OO

[0146] The hole transport region may further include, in
addition to these materials, a charge-generation material for
increasing conductive properties. The charge-generation
material may be substantially homogeneously or non-homo-
geneously dispersed in the hole transport region.

[0147] The -charge-generation material may be, for
example, a p-dopant.

[0148] In an exemplary embodiment of the present inven-
tion, a lowest unoccupied molecular orbital (LUMO) energy
level of the p-dopant may be -3.5 eV or less.

[0149] The p-dopant may include at least one selected
from a quinone derivative, a metal oxide, and a compound
including a cyano group, but exemplary embodiments of the
present invention are not limited thereto.

[0150] Forexample, the p-dopant may include at least one
selected from;
[0151] a quinone derivative, such as tetracyanoquinodi-

methane (TCNQ) or 2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-
quinodimethane (F4-TCNQ);
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[0152] a metal oxide, such as tungsten oxide or molyhde-
num oxide;
[0153] 1.4,5,8,9,12-hexaazatriphenylene-hexacarbonitrile

(HAT-CN); and
[0154] a compound represented by Formula 221, but
exemplary embodiments of the present invention are not
limited thereto:

CN

CN

N
CN)\(

CN CN
CN CN

<F4-TCNQ>

<Formula 221>
Raai CN

e

CN R
Roxs CN
[0155] In Formula 221:
[0156] R,,, to R,,; may each independently be selected

from a substituted or unsubstituted C,-C, , cycloalkyl group,
a substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C,, heterocycloalk-
enyl group, a substituted or unsubstituted C,-Cg, aryl group,
a substituted or unsubstituted C,-C,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, and at least one selected from R,,, to R,,; may have
at least one substituent selected from a cyano group, —F,
—Cl, —Br, —I, a C,-C,,, alkyl group substituted with —F,
a C,-C,, alkyl group substituted with —Cl, a C,-C,, alkyl
group substituted with —Br, and a C,-C,, alkyl group
substituted with —I.

[0157] When the organic light-emitting device 10 is a
full-color organic light-emitting device, the emission layer
may be patterned into a red emission layer, a green emission
layer, or a blue emission layer, according to a sub-pixel. In
an exemplary embodiment of the present invention, the
emission layer may have a stacked structure of two or more
layers selected from a red emission layer, a green emission
layer, and a blue emission layer, in which the two or more
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layers contact each other or are separated from each other.
In an exemplary embodiment of the present invention, the
emission layer may include two or more materials selected
from a red light-emitting material, a green light-emitting
material, and a blue light-emitting material, in which the two
or more materials are mixed with each other in a single layer
to emit white light.

[0158] The emission layer may include a host and a
dopant. The dopant may include at least one selected from
a phosphorescent dopant or a fluorescent dopant.

[0159] An amount of the dopant in the emission layer may
be in a range of about 0.01 parts by weight to about 15 parts
by weight based on 100 parts by weight of the host, but
exemplary embodiments of the present invention am not
limited thereto.

[0160] A thickness of the emission layer may be in a range
of from about 100 A to about 1,000 A, for example, from
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.

[0161] The host may include a compound represented by
Formula 1.
[0162] In an exemplary embodiment of the present inven-

tion, the host may further include a compound represented
by Formula 301.

[AI_’:O l]xbl 17[(]-‘301 )xblinyO l]xbzl'

[0163] In Formula 301:

[0164] Ar,,, may be a substituted or unsubstituted C5-Cg,
carbocyclic group or a substituted or unsubstituted C,-Cy,
heterocyclic group,

[0165] xbll may be 1, 2, or 3,

[0166] L,,, may be selected from a substituted or unsub-
stituted C5-C, , cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substituted or
unsubstituted C5-C,, cycloalkenylene group, a substituted
or unsubstituted C, -C, ; heterocycloalkenylene group, a sub-
stituted or unsubstituted C4-Cg,, arylene group, a substituted
or unsubstituted C, -C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group,

[0167] xbl may be an integer selected from 0 to 5,
[0168] R,,, may be selected from: deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amidino group, a hydrazino group, a hydrazono group, a
substituted or unsubstituted C,-Cq, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C5-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C-Cqy, aryl group, a substituted or unsubsti-
tuted C.-Cg, aryloxy group, a substituted or unsubstituted
C¢-Cy, arylthio group, a substituted or unsubstituted C,-C,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-

eropolycyclic group, —Si(Qs0;)(Q302)(Q303)y —N(Q301)
(Qsoz)s 7B(Q301)(Q302)5 *C(:O)(Qsol)s ‘S(:O)z
(Qs01)s and —P(=0)Q;01)(Q302),

<Formula 301>
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[0169] xb21 may be an integer selected from 1 to 5,
[0170] Q,,, to Q505 may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, and a naphthyl
group, but exemplary embodiments of the present invention
are not limited thereto.

[0171] In an exemplary embodiment of the present inven-
tion, Ar,,, in Formula 301 may be selected from:

[0172] a naphthalene group, a fluorene group, a spiro-
bifluorene group, a benzofluorene group, a dibenzofluorene
group, a phenalene group, a phenanthrene group, an anthra-
cene group, a fluoranthene group, a triphenylene group, a
pyrene group, a chrysene group, a naphthacene group, a
picene group, a perylene group, a pentaphene group, an
indenoanthracene group, a dibenzofuran group, and a diben-
zothiophene group:

[0173] a naphthalene group, a fluorene group, a spiro-
bifluorene group, a benzofluorene group, a dibenzofluorene
group, a phenalene group, a phenanthrene group, an anthra-
cene group, a fluoranthene group, a triphenylene group, a
pyrene group, a chrysene group, a naphthacene group, a
picene group, a perylene group, a pentaphene group, an
indenoanthracene group, a dibenzofuran group, and a diben-
zothiophene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, —Si(Q;,)(Q32)(Qs3).
7N(Q31)(Q32)7 *B(Q31)(Q32): —C(:O)(Q31), —S(=0)

»(Q5), and —P(=0)(Q; 1)(Q32)§ and
[0174] Q,, to Q,; may each independently be selected

from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, and a naphthyl
group, but exemplary embodiments of the present invention
are not limited thereto,

[0175] When xb11 in Formula 301 is two or more, two or
more Ar;,,(s) may be chemically linked to each other via a
single bond.

[0176] In an exemplary embodiment of the present inven-
tion, the compound represented by Formula 301 may be
represented by Formula 301-1 or 301-2:
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[0177] In Formulae 301-1 to 301-2:

[0178] A, to A;p, may each independently be selected
from benzene group, a naphthalene group, a phenanthrene
group, a fluoranthene group, a triphenylene group, a pyrene
group, a chrysene group, a pyridine group, a pyrimidine
group, an indene group, a fluorene group, a spiro-bifluorene
group, a benzofluorene group, a dibenzofluorene group, an
indole group, a carbazole group, a benzocarbazole group, a
dibenzocarbazole group, a furan group, a benzofuran group,
a dibenzofuran group, a naphthofuran group, a benzonaph-
thofuran group, a dinaphthofuran group, a thiophene group,
a benzothiophene group, a dibenzothiophene group. a naph-
thothiophene group, a benzonaphthothiophene group group/
and a dinaphthothiophene group group,

[0179] X0, may be O, S, or N—[(L304)rs4—Rs04l,
[0180] R,,, to R;;, may each independently be selected
from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group . —8i(Q3,)(Q5,)(Qs5).
—N(Q;)(Q52), —B(Q31)(Qs2), —C(=0)(Qs1), —S(=0)
2(Q51), and —P(=0)(Q;)(Qs2),

[0181] xb22 and xb23 may each independently be 0, 1, or
2,
[0182] L,,,, xbl, Ry, Qs to Q,, may be the same as

described above,

[0183] L., toL;, may eachindependently be the same as
L;o,, described above,

[0184] xb2 to xb4 may each independently be the same as
xbl, described above, and

[0185] R,,, to Ry, may each independently be the same
as Ry, described above.

[0186] Forexample, L, to L, in Formulae 301, 301-1,
and 301-2 may each independently be selected from:
[0187] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a

<Formula 301-1>

<Formula 301-2>

iL301)xbl_ Rso1
N,
, et LT -\
[R303—(L303)xs3 ' =t Laozher— Rsozlusz
wWR1 o Agy Az} -
“ I' ‘\ l'
Ry Rs12
(L301)xb1_ Rso1
[Rzp3— Lsos)xbs']_'_ ——Rsi2
23, A301 A302 :
;

’
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y
Rm R 3T
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chrysenylene group, a perylenylene group, a pentaphenylene
group, a hexacenylene group, a pentacenylene group, a
thiophenylene group, a furanylene group, a carbazolylene
group, an indolylene group, an isoindolylene group, a ben-
zofuranylene group, a benzothiophenylene group, a diben-
zofuranylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a ¢inno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group;

[0188] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenyline group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a perylenylene group, a pentaphenylene
group, a hexacenylene group, a pentacenylene group, a
thiophenylene group, a furanylene group, a carbazolylene
group, an indolylene group, an isoindolylene group, a ben-
zofuranylene group, a benzothiophenylene group, a diben-
zofuranylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a ¢inno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
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thiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinno-
linyl group, a phenanthridiny! group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, an azacarbazolyl group, —Si(Q;,)(Q5,)(Qs5),
*N(Q31)(Q32)s *B(Q31)(Q3z)s —C(:O)(Q31), —S(=0)
2(Qsy), and —P(=0)(Qs,)(Qs»), and

[0189] Qs to Q35 may be the same as described above.
[0190] In an exemplary embodiment of the present inven-
tion, Ry, to Ry,, in Formulae 301, 301-1 and 301-2 may
each independently be selected from:

[0191] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluc-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, a pentacenyl group, a thiophenyl group,
a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl
group, an oxadiazolyl group, a pyrazinyl group, a pyrimidi-
nyl group, a pyridazinyl group, a triazinyl group, a quino-
linyl group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group. a quinazolinyl group, a cinnolinyl
group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group;

[0192] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluc-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, a pentacenyl group, a thiophenyl group,
a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an 0xazolyl group, an isoxazolyl group, a thiadiazolyl
group, an oxadiazolyl group, a pyrazinyl group, a pyrimidi-
nyl group, a pyridazinyl group, a triazinyl group, a quino-
linyl group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
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quinoxalinyl group, a quinazolinyl group, a cinnolinyl _continued
group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group, each substituted
with at least one selected from deuterium, —F, —Cl1, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, a naphthyl group, a m
fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pentacenyl
group, a thiophenyl group, a furanyl group, carbazolyl
group, an indolyl group, an isoindoly] group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, a dibenzosilolyl group, a pyridinyl 4
group, an imidazolyl group, a pyrazolyl group, a thiazolyl
group, an isothiazolyl group, an oxazolyl group, an isox-
azolyl group, a thiadiazolyl group, an oxadiazolyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
atriazinyl group, a quinolinyl group, an isoquinolinyl group,
a benzoquinolinyl group, a phthalazinyl group, a naphthy-
ridinyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a ben-
zimidazolyl group, an isobenzothiazolyl group, a benzox- o5
azolyl group, an isobenzoxazolyl group, a triazolyl group, a
tetrazolyl group, an imidazopyridinyl group, an imidazopy-
rimidinyl group, an azacarbazolyl group, —Si(Qs,)(Qs,)
(Qaa)s —N(Q;)(Qa2); —B(Q31)(Q52), —C(E=0)Qs));
—S(=0)(Qs), and —P(=0)(Q;,XQs0): and

[0193] Q;, and Q,; may be the same as described above.

H2

[0194] In an exemplary embodiment of the present inven-
tion, the host may include an alkaline earth metal complex.
For example, the host may be selected from a Be complex
(for example, Compound H55), a Mg complex, or a Zn
complex.

Ho6

[0195] The host may include at least one selected from
9,10-di(2-naphthyl)anthracene (ADM), 2-methyl-9,10-bis
(naphthalen-2-yl)anthracene (MADN), 9,10-di-(2-naph-
thyl)-2-t-butyl-anthracene  (TBADN), 4,4'-bis(N-carba-
zolyl)-1,1"-biphenyl (CBP), 1,3-di-9-carbazolylbenzene
(mCP), 1,3,5-tri(carbazol-9-yl)benzene (TCP), and Com-
pounds H1 to H53, but exemplary embodiments of the
present invention are not limited thereto:

m H7
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[0196] The phosphorescent dopant may include an orga-
nometallic complex represented by Formula 401 below:

<Formula 401>
M(Laore1Lao2)xe2

<Formula 402>

(Rap)sel1
:’ M
1 Agor
.0
Kz
)|(405 £
',—X4o4\ _Xas

;
! Xa02
VoA )

/

(Ra02)sc12

[0197] In Formulae 401 and 402:

[0198] M may be selected from iridium (Ir), platinum (Pt),
palladium (Pd), osmium (Os), titanium (T1), zirconium (Zr),
hafnium (Hf), europium (Eu), terbium (Th). rhodium (Rh),
and thulium (Tm):

[0199] L,,, may be selected from ligands represented by
Formula 402, xc1 may be 1, 2, or 3, and, when xcl is two
or more, two or more L, (s) may be identical to or different
from each other,

[0200] L,,, may be an organic ligand, xc2 may be an
integer selected from 0 to 4, and, when x¢2 is two or more,
two or more L,,,(s) may be identical to or different from
each other,
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[0201] X, to X,,, may each independently be nitrogen
or carbon,
[0202] X,,, and X,,; may be chemically linked to each

other via a single bond or a double bond, and X, and X,
may be chemically linked to each other via a single bond or
a double bond,

[0203] A,y and A,,, may each independently be selected
from a C-Cg, carbocyclic group or a C,-C, heterocyclic
group,

[0204] X,,; may be a single bond, *—O—* *—S—*
(=0, *NQu ), *—C(Qa1)(Qar2)—"
*—C(Q4y )=C(Qay2)—", *—C(Quy =", or *=C=*,
Q.1; and Q;, may be hydrogen, deuterium, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, or a naphthyl group,

[0205]

[0206] R,,, and R,,, may each independently be selected
from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or unsub-
stituted C,-C,,, alkyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted C5-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C,-C,, cycloalkeny! group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4s-Cg, aryl group, a substituted or unsubstituted
Cs-Cgo aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, —Si(Qu0:)(Qa02)(Quo3), —N(Qa01)
(Qa02), —BQuo1)(Qa0)s —C(=0)Qs01); —S(=0),
(Quo1), and —P(—=0)(Qu01)(Quo02);

[0207] Q.o to Q,,; may each independently be selected
from a C,-C,; alkyl group, a C,-C,, alkoxy group, a C4-C,,
aryl group, and a C,-C,,, heteroaryl group,

[0208] xcll and xcl12 may each independently be an
integer selected from 0 to 10, and

[0209] *and *' in Formula 402 each indicate a binding site
to M in Formula 401.

[0210] In an exemplary embodiment of the present inven-
tion, A,,; and A, in Formula 402 may each independently
be a benzene group, a naphthalene group, a fluorene group,
a spiro-bifluorene group, an indene group, a pyrrole group,
a thiophene group, a furan group, an imidazole group, a
pyrazole group, a thiazole group, an isothiazole group, an
oxazole group, an isoxazole(isoxazole) group, a pyridine
group, a pyrazine group, a pyrimidine group, a pyridazine
group, a quinoline group, an isoquinoline group, a benzo-
quinoline group, a quinoxaline group, a quinazoline group,
a carbazole group, a benzimidazole group, a benzofuran
(benzofuran) group, a benzothiophene group, an isobenzo-
thiophene group, a benzoxazole group, an isobenzoxazole
group, a triazole group, a tetrazole group, an oxadiazole
group, a triazine group, a dibenzofuran group, and a diben-
zothiophene group.,.

[0211] In an exemplary embodiment of the present inven-
tion, in Formula 402, 1) X5, may be nitrogen, and X ,,, may
be carbon, or ii) X,,;, and X,,, may each be nitrogen at the
same time.

X406 Mmay be a single bond, O, or S,
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[0212] 1In an exemplary embodiment of the present inven-
tion, R,o; and R, in Formula 401 may each independently
be selected from:

[0213] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, aC,-C,, alkyl
group, and a C,-C,, alkoxy group;

[0214] a C,-C,, alkyl group, and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
7ono group, a phenyl group, a naphthyl group, a cyclopentyl
group, a cyclohexyl group, an adamantanyl group, a nor-
bornanyl group, and a norbornenyl group;

[0215] a cyclopentyl group, a cyclohexyl group, an ada-
mantanyl group, a norbornanyl group, a norbornenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
atriazinyl group, a quinolinyl group, an isoquinolinyl group,
a quinoxalinyl group, a quinazolinyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group;

[0216] a cyclopentyl group, a cyclohexyl group, an ada-
mantanyl group, a norbornanyl group, a norbornenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
atriazinyl group, a quinolinyl group, an isoquinolinyl group,
a quinoxalinyl group, a quinazolinyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a cyclopentyl group, a cyclohexyl group, an adaman-
tanyl group, a norbornanyl group, a norbornenyl group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group;
[0217] *Si(Q401)(Q402)(Q403)5 *N(Q401)(Q402)s
—B(Qa01)(Qu402), —C(=0)Quo1)s —S(=0),(Qq01) and
—P(=0)(Q401)(Quo2); and

[0218] Q. to Q,,; may be each independently selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, and a naphthyl group, but exem-
plary embodiments of the present invention are not limited
thereto.

[0219] In an exemplary embodiment of the present inven-
tion, when xc1 in Formula 401 is two or more, two A4, (s)
in two or more L ,,,(s) may be chemically linked to each
other via X,,,, which is a linking group, or two A,,,(s) in
two or more L, (s) may be chemically linked to each other
via X5, Which is a linking group (see Compounds PD1 to
PD4 and PD7). X,,, and X,,,; may each independently be a
single bond, *—O—*, *—S—* *_(C(=0)—*, *—N
Q)" *—C(Qu3)(Quua)—*, or *—C(Quy3)—C
(Qqu4)—™ (e.g., in which Q,,5 and Q,, , may each indepen-
dently be hydrogen, deuterium, a C,-C,, alkyl group, a
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C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, or a naphthyl group), but exemplary
embodiments of the present invention are not limited
thereto.

[0220] L.y, in Formula 401 may be a monovalent, diva-
lent, or trivalent organic ligand. For example, L,,, may be
selected from halogen, diketone (for example, acetylaceto-
nate), carboxylic acid (for example, picolinate), —C(—0),
isonitrile, —CN, and a phosphorus-containing material (for
example, phosphine, or phosphite), but exemplary embodi-
ments of the present invention are not limited thereto.

[0221] In an exemplary embodiment of the present inven-
tion, the phosphorescent dopant may be selected from, for
example, Compounds PD1 to PD25, but exemplary embodi-
ments of the present invention are not limited thereto:

PD1

PD2

PD3

-continued

7\

7\
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PD4

PD5

PD6

PD7

PD8

PDO
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PD24

PD25
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[0222] The fluorescent dopant may include a compound
represented by Formula 1.

[0223] In an exemplary embodiment of the present inven-
tion, the fluorescent dopant may include an arylamine com-
pound or a styrylamine compound.

[0224] The fluorescent, dopant may include a compound
represented by Formula 501 below.

<Formula 501>

/(LSOI)xdl_ Rso1
Arsg— (Lspz)xas _N\
(Lso2)xa2 — Rso2 i

[0225] In Formula 501:

[0226] Ars,, may be a substituted or unsubstituted C;-Cy,
carbocyclic group or a substituted or unsubstituted C,-Cg,
heterocyclic group,

[0227] L, to Lsy; may each independently be selected
from a substituted or unsubstituted C;-C,, cycloalkylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkylene group, a substituted or unsubstituted C;-C,
cycloalkenylene group, a substituted or unsubstituted
C,-C,; heterocycloalkenylene group, a substituted or unsub-
stituted C4-Cg, arylene group, a substituted or unsubstituted
C,-Cg heteroarylene group, a substituted or unsubstituted
divalent non-aromatic condensed polycyclic group, and a
substituted or unsubstituted divalent non-aromatic con-
densed heteropolycyclic group,

[0228] xd1 to xd3 may each independently be an integer
selected from O to 3,

[0229] R, and Ry, may each independently be selected
from a substituted or unsubstituted C,-C, , cycloalkyl group,
a substituted or unsubstituted C,-C,, heterocycloalkyl
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group, a substituted or unsubstituted C;-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C,, heterocycloalk-
enyl group, a substituted or unsubstituted C4-Cg, aryl group,
a substituted or unsubstituted C4-Cg, aryloxy group, a sub-
stituted or unsubstituted C4-C,, arylthio group, a substituted
or unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group. and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, and
[0230] xd4' may be an integer selected from 1 to 6.
[0231] In an exemplary embodiment of the present inven-
tion, Arsg, in Formula 501 may be selected from:

[0232] a naphthalene group, a heptalene group, a fluorene
group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene
group, an anthracene group, a fluoranthene group, a triph-
enylene group, a pyrene group, a chrysene group, a naph-
thacene group, a picene group, a perylene group, a penta-
phene group, an indenoanthracene group, and an
indenophenanthrene group; and

[0233] a naphthalene group, a heptalene group, a fluorene
group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene
group, an anthracene group, a fluoranthene group, a triph-
enylene group, a pyrene group, a chrysene group, a naph-
thacene group, a picene group, a perylene group, a penta-
phene group, an indenoanthracene group, and an
indenophenanthrene group, each substituted with at least
one selected from deuterrum, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, and a naphthyl group.

[0234] In an exemplary embodiment of the present inven-
tion, Lsq; to Lsgs in Formula 501 may each independently be
selected from:

[0235] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a perylenylene group, a pentaphenylene
group, a hexacenylene group, a pentacenylene group, a
thiophenylene group, a furanylene group, a carbazolylene
group, an indolylene group, an isoindolylene group, a ben-
zofuranylene group, a benzothiophenylene group, a diben-
zofuranylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group; and

[0236] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a perylenylene group, a pentaphenylene
group, a hexacenylene group, a pentacenylene group, a
thiophenylene group, a furanylene group, a carbazolylene
group, an indolylene group, an isoindolylene group, a ben-
zofuranylene group, a benzothiophenylene group, a diben-
zofuranylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, and a pyridinylene group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
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group, an amidino group, a hydrazino group, a hydrazono
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, and a pyridinyl group.

[0237] In an exemplary embodiment of the present inven-
tion, Ry, and Ry, In Formula 501 may each independently
be selected from:

[0238] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, a pentacenyl group, a thiophenyl group,
a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a di benzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, and a pyridinyl group;

[0239] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-biftuo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, a pentacenyl group, a thiophenyl group,
a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, and a pyridinyl group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pentacenyl
group, a thiophenyl group, a furanyl group, a carbazolyl
group, an indolyl group, an isoindoly! group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group. a dibenzosilolyl group, a pyridinyl
group, and —Si(Q;,)(Q3,)(Q;5); and

[0240] Q;, to Q,; may be selected from a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, and a naphthyl group.

[0241] In an exemplary embodiment of the present inven-

tion, xd4' in Formula 501 may be 2, but exemplary embodi-
ments of the present invention are not limited thereto.
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[0242] For example, the fluorescent dopant may be _continued
selected from Compounds FD1 to FD22: D4
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-continued
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[0243] In an exemplary embodiment of the present inven-
tion, the fluorescent dopant may be selected from the fol-
lowing compounds, but exemplary embodiments of the
present invention are not limited thereto.
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[0244] The electron transport region (e.g., the electron
transport region in organic layer 150) may have 1) a single-
layered structure including a single layer including a single
material, i) a single-layered structure including a single
layer including a plurality of different materials, or iii) a
multi-layered structure having a plurality of layers each
including a plurality of different materials.

[0245] The electron transport region may include at least
one selected from a buffer layer, a hole blocking layer, an
electron control layer, an electron transport layer, or an
electron injection layer, but exemplary embodiments of the
present invention are not limited thereto.

[0246] For example, the electron transport region may
have an electron transport layer/electron injection layer
structure, a hole blocking layer/electron transport layer/
electron injection layer structure, an electron control layer/
electron transport layer/electron injection layer structure, or
a buffer layer/electron transport layer/electron injection
layer structure, and for each structure, the layers may be
sequentially stacked from an emission layer. However,
exemplary embodiments of the present invention are not
limited thereto.

[0247] The electron transport region (for example, a buffer
layer, a hole blocking layer, an electron control layer, or an
electron transport layer in the electron transport region) may
include a metal-free compound including at least one m
electron-depleted nitrogen-containing ring.

[0248] The “zm electron-depleted nitrogen-containing ring”
indicates a C,-C, heterocyclic group having at least one
*—N—* moiety as a ring-forming moiety.

[0249] For example, the “m electron-depleted nitrogen-
containing ring” may be i) a 60-membered to 7-membered
heteromonocyclic group having at least one moiety, ii) a
heteropolycyclic group in which two or more 5-membered
to 7-membered heteromonocyclic groups each having at
least one *—N—*" moiety are condensed with each other, or
iil) a heteropolycyclic group in which at least one of
5-membered to 7-membered heteromonocyclic groups, each
having at least one *—N—*" moiety, is condensed with at
least one C,-Cg, carbocyclic group.

[0250] Examples of the m electron-depleted nitrogen-con-
taining ring include an imidazole, a pyrazole, a thiazole, an
isothiazole, an oxazole, an isoxazole, a pyridine, a pyrazine,
a pyrimidine, a pyridazine, an indazole, a purine, a quino-
line, an isoquinoline, a benzoquinoline, a phthalazine, a
naphthyridine, a quinoxaline, a quinazoline, a cinnoline, a
phenanthridine, an acridine, a phenanthroline, a phenazine,
a benzimidazole, an isobenzothiazole, a benzoxazole, an
isobenzoxazole, a triazole, a tetrazole, an oxadiazole, a
triazine, thiadiazol, an imidazopyridine, an imidazopyrimi-
dine, and an azacarbazole, but exemplary embodiments of
the present invention are not limited thereto.

[0251] For example, the electron transport region may
include a compound represented by formula 601:

[AIGO l]xel 17[(]-‘601 )xeliRGOI ]xe2l .

[0252] In Formula 601:

[0253] Arg,, may be selected from a substituted or unsub-
stituted Cs-Cg,, carbocyclic group or a substituted or unsub-
stituted C,-Cy, heterocyclic group,

[0254] xell may be 1, 2, or 3,

[0255] Ly, may be selected from a substituted or unsub-
stituted C5-C,, cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substituted or

<Formula 601>
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unsubstituted C;-C,, cycloalkenylene group, a substituted
or unsubstituted C, -C, , heterocycloalkenylene group, a sub-
stituted 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,

[0256] xel may be an integer selected from O to 5,
[0257] R,,, may be selected from a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkyl group, a substituted or unsub-
stituted C;-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cy, aryl group, a substituted or
unsubstituted C,-Cg, aryloxy group, a substituted or unsub-
stituted C,-Cy,, arylthio group, a substituted or unsubstituted
C,-Cg, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic condensed
heteropolycyclic  group, —Si(Qg01)(Qe02)(Qe0s)s —C
(=0)Qs01)> —S(=0),Qg0): and —P(=0)(Qg0,)(Qg02):
[0258] Qgo; to Qgo5 may each independently be a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
biphenyl group. a terphenyl group, or a naphthyl group, and
[0259] xe2l may be an integer selected from 1 to 5.
[0260] In an exemplary embodiment of the present inven-
tion, at least one of Argy(s) in the number of xell and
Rgo;(s) in the number of xe21 may include the « electron-
depleted nitrogen-containing ring.

[0261] In an exemplary embodiment of the present inven-
tion, ring Arg,, in Formula 601 may be selected from:
[0262] a benzene group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene
group, an anthracene group, a fluoranthene group, a triph-
enylene group, a pyrene group, a chrysene group, a naph-
thacene group, a picene group, a perylene group, a penta-
phene group, an indenoanthracene group, a dibenzofuran
group, a dibenzothiophene group, a carbazole group, an
imidazole group, a pyrazole group, a thiazole group, an
isothiazole group, an oxazole group, an isoxazole group, a
pyridine group, a pyrazine group, a pyrimidine group, a
pyridazine group, an indazole group, a purine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a phthalazine group, a naphthyridine group, a qui-
noxaline group, a quinazoline group, a cinnoline group, a
phenanthridine group, an acridine group, a phenanthroline
group, a phenazine group, a benzimidazole group, an iso-
benzothiazole group, a benzoxazole group, an isobenzox-
azole group, a triazole group, a tetrazole group, an oxadi-
azole group, a triazine group, a thiadiazol group, an
imidazopyridine group, an imidazopyrimidine group, and an
azacarbazole group;

[0263] a benzene group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene
group, an anthracene group, a fluoranthene group, a triph-
enylene group, a pyrene group, a chrysene group, a naph-
thacene group, a picene group, a perylene group, a penta-
phene group, an indenoanthracene group, a dibenzofuran
group, a dibenzothiophene group, a carbazole group, an
imidazole group, a pyrazole group, a thiazole group, an
isothiazole group, an oxazole group, an isoxazole group, a
pyridine group, a pyrazine group, a pyrimidine group, a
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pyridazine group, an indazole group, a purine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a phthalazine group, a naphthyridine group, a qui-
noxaline group, a quinazoline group, a cinnoline group, a
phenanthridine group, an acridine group, phenanthroline
group, phenazine group, a benzimidazole group, an iso-
benzothiazole group, a benzoxazole group, an isobenzox-
azole group, a triazole group, a tetrazole group, an oxadi-
azole group, a triazine group, a thiadiazol group, an
imidazopyridine group, an imidazopyrimidine group, and an
azacarbazole group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a —Si(Q;,)(Q32)(Qs3), —S(=0)(Q51),
and —P(—0)(Q3,)(Qs»); and and

[0264] Q,, to Q,; may each independently be selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, and a naphthyl
group.

[0265] When xell In Formula 601 is two or more, two or
more Arg,,(s) may be chemically linked to each other via a
single bond.

[0266] In an exemplary embodiment of the present inven-
tion, Argy, in Formula 601 may be an anthracene group.
[0267] In an exemplary embodiment of the present inven-
tion, a compound represented by Formula 601 may be
represented by Formula 601-1:

<Formula 601-1>

Le10res i Re11
Xe14 \X615
Re13——(L613)xe613 Xo16 (Leresz—Rop2-
[0268] In Formula 601-1:
[0269] X, may be N or C(Ry,,), X5 may be N or

C(Rg;5), X416 may be N or C(Ry,¢), at least one selected
from X, , to Xg,, may be N,

[0270] L, toLg,; may each independently be the same as
L6015

[0271] xe611 to xe613 may each independently be the
same as xel,

[0272] Ry, to Ry 5 may each independently be the same
as Ry,,, and

[0273] Rg,4 to Ry may each independently be selected

from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, and a naphthyl group.

[0274] In an exemplary embodiment of the present inven-
tion, Ly, and L, |, L, and Ly 5 in Formulae 601 and 601-1
may each independently be selected from:

[0275] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
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chrysenylene group, a perylenylene group, a pentaphenylene
group, a hexacenylene group, a pentacenylene group, a
thiophenylene group, a furanylene group, a carbazolylene
group, an indolylene group, an isoindolylene group, a ben-
zofuranylene group, a benzothiophenylene group, a diben-
zofuranylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a ¢inno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group; and

[0276] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a perylenylene group, a pentaphenylene
group, a hexacenylene group, a pentacenylene group, a
thiophenylene group, a furanylene group, a carbazolylene
group, an indolylene group, an isoindolylene group, a ben-
zofuranylene group, a benzothiophenylene group, a diben-
zofuranylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a ¢inno-
linylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene group, a
triazolylene group, a tetrazolylene group, an imidazopyridi-
nylene group, an imidazopyrimidinylene group, and an
azacarbazolylene group, each substituted with at least one
selected from deuterium, —F, —CI, —Br —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a perylenyl group, a penta-
phenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an
indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-



US 2018/0240982 Al

thiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzosilolyl group, a pyridinyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinno-
linyl group, a phenanthridiny! group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group, but exemplary
embodiments of the present invention are not limited
thereto.

[0277] In an exemplary embodiment of the present inven-
tion, xel and xe611 to xe613in Formulae 601 and 601-1 may
each independently be 0, 1, or 2.

[0278] In an exemplary embodiment of the present inven-
tion, Rgq, and Rg; |, Ry, and Ry 5 in Formula 801 and 801-1
may each independently be selected fronu:

[0279] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-biftuo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, a pentacenyl group, a thiophenyl group,
a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl
group, an oxadiazolyl group, a pyrazinyl group, a pyrimidi-
nyl group, a pyridazinyl group, a triazinyl group, a quino-
linyl group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group;

[0280] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, a pentacenyl group, a thiophenyl group,
a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl
group, an oxadiazolyl group, a pyrazinyl group, a pyrimidi-
nyl group, a pyridazinyl group, a triazinyl group, a quino-
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linyl 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
phenanthroliny]l group, a phenazinyl group, a benzimida-
zolyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, and an azacarbazolyl group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a
C,-C, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylene
group, a pyrenyl group, a chrysenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pentacenyl
group, a thiophenyl group, a furanyl group, a carbazolyl
group, an indolyl group, an isoindolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, a dibenzosilolyl group, a pyridinyl
group, an imidazolyl group, a pyrazolyl group, a thiazolyl
group, an isothiazolyl group, an oxazolyl group, an isox-
azolyl group, a thiadiazolyl group, an oxadiazolyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a triazinyl group, a quinolinyl group, an isoquinolinyl group,
a benzoquinolinyl group, a phthalazinyl group, a naphthy-
ridinyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a ben-
zimidazolyl group, an isobenzothiazolyl group, a benzox-
azolyl group, an isobenzoxazolyl group, a triazolyl group, a
tetrazolyl group, an imidazopyridinyl group, an imidazopy-
rimidinyl group, and an azacarbazolyl group;

[0281] —S(—0),(Qyp;) and —P(—0)(Q4,)(Qsp,); and
[0282] Qgq; and Qgy, may be the same as described above.
[0283] The electron transport region may include at least

one compound selected from Compounds ET1 to ET36, but
exemplary embodiments of the present invention are not
limited thereto:
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BT ET35

ET36
[0284] In an exemplary embodiment of the present inven-
tion, the electron transport region may include at least one
selected from 2,9-dimethyl-4,7-diphenyl-1,10-phenanthro-
line (BCP), 4,7-dphenyl-1,10-phenanthroline (Bphen),
AlQ,, BAlg, 3-(biphenyl-4-yl)-5-(4-tert-butylphenyl)-4-

phenyl-4H-1,2,4-triazole (TAZ), or NTAZ.
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[0285] Thicknesses of the buffer layer, the hole blocking
layer, and the electron control layer may each be in a range
of about 20 A to about 1,000 A, for example, from about 30
A to about 300 A. When the thicknesses of the buffer layer,
the hole blocking layer, and the electron control layer are
within these ranges, the electron blocking layer may have
excellent electron blocking characteristics or electron con-
trol characteristics without a substantial increase in driving
voltage.

[0286] A thickness of the electron transport layer may be
in a range of from about 100 A to about 1,000 A, for
example, about 150 A to about 500 A. When the thickness
of the electron transport layer is within the range described
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above, the electron transport layer may have satisfactory
electron transport characteristics without a substantial
increase in driving voltage.

[0287] The electron transport region (for example, the
electron transport layer in the electron transport region) may
further include, in addition to the materials described above,
a metal-containing material.

[0288] The metal-containing material may include at least
one selected from alkali metal complex or alkaline earth-
metal complex. The alkali metal complex may include a
metal ion selected from a Li ion, a Naion, a K ion, a Rb ion,
and a Cs ion, and the alkaline earth-metal complex may
include a metal ion selected from a Be ion, a Mg ion, a Ca
ion, a Sr ion, and a Ba ion. A ligand coordinated with the
metal ion of the alkali metal complex or the alkaline
earth-metal complex may be selected from a hydroxy qui-
noline, a hydroxy isoquinoline, a hydroxy benzoquinoline, a
hydroxy acridine, a hydroxy phenanthridine, a hydroxy
phenylan oxazole, a hydroxy phenylthiazole, a hydroxy
diphenylan oxadiazole, a hydroxy diphenylthiadiazol, a
hydroxy phenylpyridine, a hydroxy phenylbenzimidazole, a
hydroxy phenylbenzothiazole, a bypyridine, a phenanthro-
line, and a cyclopentadiene, but exemplary embodiments of
the present invention are not limited thereto.

[0289] For example, the metal-containing material may
include a Li complex. The Li complex may include, for
example, Compound ET-D1 (lithium quinolate, LiQ) or
ET-D2.

ET-D1

ET-D2

[0290] The electron transport region may include an elec-
tron injection layer that facilitates injection of electrons from
the second electrode 190. The electron injection layer may
be in direct contact with the second electrode 190.

[0291] The electron injection layer may have 1) a single-
layered structure including a single layer including a single
material, ii) a single-layered structure including a single
layer including a plurality of different materials, or iii) a
multi-layered structure having a plurality of layers, each
including a plurality of different materials.

[0292] The electron injection layer may include an alkali
metal, an alkaline earth metal, a rare earth metal, an alkali
metal compound, an alkaline earth-metal compound, a rare
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earth metal compound, an alkali metal complex, an alkaline
earth-metal complex, a rare earth metal complex, or any
combinations thereof.

[0293] The alkali metal may be selected from Li, Na, K,
Rb, and Cs. In an exemplary embodiment of the present
invention, the alkali metal may be Li, Na, or Cs. In an
exemplary embodiment of the present invention, the alkali
metal may be Li or Cs, but exemplary embodiments of the
present invention are not limited thereto.

[0294] The alkaline earth metal may be selected from Mg,
Ca, Sr, and Ba.
[0295] The rare earth metal may be selected from Sc, Y,

Ge, Th, Yb, and Gd.

[0296] The alkali metal compound, the alkaline earth-
metal compound, and the rare earth metal compound may be
selected from oxides and halides (for example, fluorides,
chlorides, bromides, or iodides) of the alkali metal, the
alkaline earth-metal, and the rare earth metal.

[0297] The alkali metal compound may be selected from
alkali metal oxides, such as Li,O, Cs,0, or K,0O, and alkali
metal halides, such as LiF, NaF, CsF, KF, Lil, Nal, Csl, or
KI. In an exemplary embodiment of the present invention,
the alkali metal compound may be selected from LiF, Li,O,
NaF, Lil, Nal, Csl, or KI, but exemplary embodiments of the
present invention are not limited thereto.

[0298] The alkaline earth-metal compound may be
selected from alkaline earth-metal oxides, such as BaO, SrO,
Ca0, Ba,Sr,_ O (0<x<l), or Ba,Ca, O (0<x<1). In an
exemplary embodiment of the present invention, the alkaline
earth-metal compound may be selected from BaO, SrO, and
CaO, but exemplary embodiments of the present invention
are not limited thereto.

[0299] The rare earth metal compound may be selected
from YbF;, ScF;, ScO;, Y,0,, Ce,0,, GdF;, and TbF,. In
an exemplar embodiment of the present invention, the rare
earth metal compound may be selected from YbF,, ScF,,
TbF,, YbI;, Scl,, and Thl;, but exemplary embodiments of
the present invention are not limited thereto.

[0300] The alkali metal complex, the alkaline earth-metal
complex, and the rare earth metal complex may include an
ion of alkali metal, alkaline earth-metal, and rare earth metal
as described above, and a ligand coordinated with a metal
ion of the alkali metal complex, the alkaline earth-metal
complex, or the rare earth metal complex may be selected
from hydroxy quinoline, hydroxy isoquinoline, hydroxy
benzoquinoline, hydroxy acridine, hydroxy phenanthridine,
hydroxy phenylan oxazole, hydroxy phenylthiazole,
hydroxy diphenylan oxadiazole, hydroxy diphenylthiadi-
azol, hydroxy phenylpyridine, hydroxy phenylbenzimida-
zole, hydroxy phenylbenzothiazole, bipyridine, phenanthro-
line, and cyclopentadiene, but exemplary embodiments of
the present invention are not limited thereto.

[0301] The electron injection layer may include an alkali
metal, an alkaline earth metal, a rare earth metal, an alkali
metal compound, an alkaline earth-metal compound, a rare
earth metal compound, an alkali metal complex, an alkaline
earth-metal complex, a rare earth metal complex, or any
combinations thereof, as described above. In an exemplary
embodiment of the present invention, the electron injection
layer may further include an organic material. When the
electron injection layer further includes an organic material,
an alkali metal, an alkaline earth metal, a rare earth metal,
an alkali metal compound, an alkaline earth-metal com-
pound, a rare earth metal compound, an alkali metal com-
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plex, an alkaline earth-metal complex, a rare earth metal
complex, or any combinations thereof may be substantially
homogeneously or non-homogeneously dispersed in a
matrix including the organic material.

[0302] A thickness of the electron injection layer may be
in a range of from about 1 A to about 100 A, for example,
from about 3 A to about 90 A. When the thickness of the
electron injection layer is within the range described above,
the electron injection layer may have satisfactory electron
injection characteristics without a substantial increase in
driving voltage.

[0303] The second electrode 190 may be disposed on the
organic layer 150. The second electrode 190 may be a
cathode which is an electron injection electrode, and in this
regard, a material included in the second electrode 190 may
be selected from metal, an alloy, an electrically conductive
compound, and a combination thereof, which may have a
relatively low work function.

[0304] The second electrode 190 may include at least one
selected from lithium (Li), silver (Ag), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), ITO, and 170, but exemplary embodiments of the
present invention are not limited thereto. The second elec-
trode 190 may be a transmissive electrode, a semi-transmis-
sive electrode, or a reflective electrode.

[0305] The second electrode 190 may have a single-
layered structure, or a multi-layered structure including two
or more layers.

[0306] The organic light-emitting device according to an
exemplary embodiment of the present invention is described
above in more detail with reference to FIG. 1, and thus
duplicative descriptions may be omitted.

[0307] Layers included in the hole transport region, an
emission layer, and layers included in the electron transport
region may be formed in a certain region by using one or
more methods selected from, for example, vacuum deposi-
tion, spin coating, casting, Langmuir-Blodgett (LB) depo-
sition, ink-jet printing, laser-printing, and laser-induced ther-
mal imaging.

[0308] When layers included in the hole transport region,
an emission layer, and layers included in the electron trans-
port region are formed by vacuum deposition, for example,
the vacuum deposition may be performed at a deposition
temperature of from about 100° C. to about 500° C., at a
vacuum degree of about 1072 torr to about 1072 torr, and at
a deposition rate of from about 0.01 A/sec to about 100
AJsec by taking into account a material to be included in a
layer to be formed, and the structure of a layer to be formed.

[0309] When layers included in the hole transport region,
an emission layer, and layers included in the electron trans-
port region are formed by spin coating, the spin coating may
be performed at a coating speed of from about 2,000 rpm to
about 5,000 rpm and at a heat treatment temperature of about
80° C. to about 200° C. by taking into account a material to
be included in a layer to be formed, and the structure of a
layer to be formed.

[0310] The term “C,-Cg, alkyl group” used herein refers
to a linear or branched aliphatic saturated hydrocarbon
monovalent group having 1 to 60 carbon atoms, and
examples thereof include a methyl group, an ethyl group, a
propyl group, an isobutyl group, a sec-butyl group, a tert-
butyl group, a pentyl group, an iso-amyl group, or a hexyl
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group. The term “C,-Cy, alkylene group” used herein refers
to a divalent group having substantially the same structure as
the C,-Cq, alkyl group.

[0311] The term “C,-Cg, alkenyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon double bond In the middle or at the terminus of the
C,-Cg, alkyl group, and examples thereof include an ethenyl
group, a propenyl group, and a butenyl group. The term
“C,-Cg, alkenylene group™ as used herein refers to a diva-
lent group having substantially the same structure as the
C,-Cy, alkenyl group.

[0312] The term “C,-Cq, alkynyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon triple bond in the middle or at the terminus of the
C,-Cyg, alkyl group, and examples thereof include an ethynyl
group, or a propynyl group. The term “C,-C, alkynylene
group” as used herein refers to a divalent group having
substantially the same structure as the C,-Cg, alkynyl group.
[0313] The term “C,-Cg, alkoxy group” as used herein
refers to a monovalent group represented by —OA  ; (e.g.,
in which A, is the C,-Cg, alkyl group), and examples
thereof include a methoxy group, an ethoxy group, or an
isopropyloxy group.

[0314] The term “C;-C,,, cyoloalkyl group” as used herein
refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 10 carbon atoms, and examples thereof
include a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, or a cycloheptyl group.
The term “C;-C, , cycloalkylene group” as used herein refers
to a divalent group having the substantially same structure as
the C;5-C, , cycloalkyl group.

[0315] The term C,-C,, heterocycloalkyl group used
herein refers to a monovalent monocyclic group having at
least one heteroatom selected from N, O, Si, P, and B as a
ring-forming atom and 1 to 10 carbon atoms, and examples
thereof include a 1,2,3,4-oxatriazolidinyl group, a tetrahy-
drofuranyl group, or a tetrahydrothiophenyl group. The term
“C,-C,, heterocycloalkylene group” as used herein refers to
a divalent group having substantially the same structure as
the C,-C, , heterocycloalkyl group,

[0316] The term C,-C,, cycloalkenyl group used herein
refers to a monovalent monocyclic group that has 3 to 10
carbon atoms and at least one carbon-carbon double bond in
the ring thereof and no aromaticity, and examples thereof
include a cyclopentenyl group, a cyclohexenyl group, or a
cycloheptenyl group. The term “C;-C,, cycloalkenylene
group” as used herein refers to a divalent group having
substantially the same structure as the C;-C,, cycloalkenyl
group.

[0317] The term “C,-C,, heterocycloalkenyl group” as
used herein refers to a monovalent monocyclic group that
has at least one heteroatom selected from N, O, Si, P, and S
as a ring-forming atom, 1 to 10 carbon atoms, and at least
one carbon-carbon double bond in its ring. Non-limiting
examples of the C,-C,, heterocycloalkenyl group include a
4,5-dihydro-1,2,3 4-oxatriazolyl group, a 2,3-dihydrofura-
nyl group, or a 2,3-dihydrothiophenyl group. The term
“C,-Cyy a heterocycloalkenylene group” as used herein
refers to a divalent group having substantially the same
structure as the C,-C, , heterocycloalkenyl group.

[0318] The term “C4-Cg, arvl group” as used herein refers
to a monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, and a C,-C,, arylene group
used herein refers to a divalent group having a carbocyclic
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aromatic system having 6 to 60 carbon atoms. Non-limiting
examples of the C4-Cy, aryl group include a phenyl group,
a naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, or a chrysenyl group. When the
Cs-C aryl group and the C-Cy,, arylene group each include
two or more rings, the rings may be chemically bonded to
each other.

[0319] The term “C,-Cg, heteroaryl group” as used herein
refers to a monovalent group having a carbocyclic aromatic
system that has at least one heteroatom selected from N, O,
Si, P and S as a ring-forming atom, in addition to 1 to 60
carbon atoms. The term “C,-C,, heteroarylene group™ as
used herein refers to a divalent group having a carbocyclic
aromatic system that has at least one heteroatom selected
from N, O, Si, P, and S as a ring-forming atom, in addition
to 1 to 60 carbon atoms. Non-limiting examples of the
C,-Cg heteroaryl group include a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, or an isoquinolinyl
group. When the C,-C¢, heteroaryl group and the C,-Cq,
heteroarylene group each include two or more rings, the
rings may be chemically bonded with each other.

[0320] The term “C4-Cg, aryloxy group” as used herein
refers to —OA,,, (e.g., in which A, is the C4-Cg, aryl
group), and a C4-Cy, arylthio group used herein indicates
—SA |, (e.g., in which A, ,, is the C4-Cy,, aryl group).
[0321] The term “monovalent non-aromatic condensed
polycyclic group” as used herein refers to a monovalent
group (for example, having 8 to 60 carbon atoms) having
two or more rings chemically bonded with each other, only
carbon atoms as ring-forming atoms, and no aromaticity in
its entire molecular structure. A detailed example of the
monovalent non-aromatic condensed polycyclic group is a
fluorenyl group. The term “divalent non-aromatic condensed
polycyclic group,” used herein, refers to a divalent group
having substantially the same structure as the monovalent
non-aromatic condensed polycyclic group.

[0322] The term “monovalent non-aromatic condensed
heteropolycyclic group” as used herein refers to a monova-
lent group (for example, having 1 to 60 carbon atoms)
having two or more rings condensed to each other, at least
one heteroatom selected from N, O, Si, P, and S, other than
carbon atoms, as a ring-forming atom, and no aromaticity in
its entire molecular structure. An example of the monovalent
non-aromatic condensed heteropolycyclic group is a carba-
zolyl group. The term “divalent non-aromatic condensed
heteropolycyclic group” as used herein refers to a divalent
group having substantially the same structure as the mon-
ovalent non-aromatic condensed heteropolycyclic group.
[0323] The term “Cs-Cq, carbocyclic group” as used
herein refers to a monocyclic or polycyclic group having 5
to 60 carbon atoms in which a ring-forming atom is a carbon
atom only. The C,-C, carbocyclic group may be an aro-
matic carbocyclic group or a non-aromatic carbocyclic
group. The C,-Cy, carbocyclic group may be a ring, such as
benzene, a monovalent group, such as a phenyl group, or a
divalent group, such as a phenylene group. In an exemplary
embodiment of the present invention, depending on the
number of substituents connected to the C5-Cy,, carbocyclic
group, the C;-Cg, carbocyclic group may be a trivalent
group or a quadrivalent group.

[0324] The term “C,-Cq, heterocyclic group” as used
herein refers to a group having substantially the same
structure as the C,-Cy, carbocyclic group, except that as a
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ring-forming atom, at least one heteroatom selected from N,
0, Si, P, and S is used in addition to carbon (e.g., the number
of carbon atoms may be in a range of 1 to 60).

[0325] At least one substituent of the substituted C;-Cy,
carbocyclic group, substituted C,-Cg, heterocyclic group,
substituted C,-C,,, cycloalkylene group, substituted C,-C,,
heterocycloalkylene group, substituted C,-C,, cycloalk-
enylene group, substituted C,-C,, heterocycloalkenylene
group, substituted C,-C,, arylene group, substituted C,-C,
heteroarylene group, substituted divalent non-aromatic con-
densed polycyclic group, substituted divalent non-aromatic
condensed heteropolycyclic group, substituted C,-Cg, alkyl
group, substituted C,-Cg, alkenyl group, substituted C,-Cy,
alkynyl group, substituted C,-C,, alkoxy group, substituted
C;-C,, cycloalkyl group, substituted C,-C,, heterocy-
cloalkyl group, substituted C,-C, , cycloalkenyl group, sub-
stituted C,-C,, heterocycloalkenyl group, substituted
Cs-Cqo aryl group, substituted Cq-Cq, aryloxy group, sub-
stituted C4-Cy,, arylthio group, substituted C,-C, heteroaryl
group, substituted monovalent non-aromatic condensed
polycyclic group, or substituted monovalent non-aromatic
condensed heteropolycyclic group may be selected from:
[0326] deuterium (—D), —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, and a
C,-Cg, alkoxy group;

[0327] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, and a C,-C,, alkoxy group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C;-C |, cycloalkyl group, a C, -C, ; heterocycloalkyl
group, a C,;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a C4-Cq, aryloxy
group, a C4-Cg, arylthio group, a C,-Cq, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, —Si(Q)(Q)(Qua), —N(Q1)(Q12). —B(Qyy)
(le)s _C(:O)(Qn): _S(:O)z(Qn)s and _P(:)(Qu)
Qo)

[0328] 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 C4-Cq,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0329] a C;-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-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,;-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-C,4, alkoxy
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, a
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monovalent non-aromatic condensed heteropolycyclic

group, —Si(Q,,)(Q5,)(Qs3), —N(Q,)(Qss), —B(Qy))
Egzzga *C(:O)(Qn)a 7S(ZO)Z(Q21) and *P(:O)(Qm)
[0330] —Si(Qa)(Q32)(Qs3). —N(Q31)(Qa2). —B(Qs1)
(Qsz)s —C(:O)(Q31), *S(:O)z(Q3 1); and 7P(:O)(Q3l)
(Qsp); and

[0331] Q,,t0Q,5,Q,, t0Q,; and Q;, to Q,; may be each
independently be selected from hydrogen, deuterium, —F,

—Cl1, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C,-Cq, alkyl group, a C,-Cq, alkenyl group, a
C,-Cg, alkynyl group, a C,-Cg, alkoxy group, a C;-C,,
cycloalkyl group, a C,-C, , heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cy, aryl group, a C,-Cy, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monovalent
non-aromatic condensed heteropolycyclic group, a biphenyl
group, and a terphenyl group.

[0332]
the term “Me” used herein refers to a methyl group, the term

The term “Ph” used herein refers to a phenyl group,

“Et” used herein refers to an ethyl group, the term “ter-Bu”
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or “Bu”’ used herein refers to a tert-butyl group, and the term

“OMe” used herein refers to a methoxy group.

[0333]
“a phenyl group substituted with a phenyl group.” As an

The term “biphenyl group” as used herein refers to

example, the “biphenyl group” is a substituted phenyl group
having a C4-Cy, aryl group as a substituent.

[0334] The term “terphenyl group” as used herein refers to
“a phenyl group substituted with a biphenyl group.” As an
example, the “terphenyl group” is a phenyl group having, as
a substituent, a C4-Cq, aryl group substituted with a C-Cy,
aryl group.

[0335]
refer to a binding site to a neighboring atom in a corre-

* and *' used herein, unless defined otherwise, each

sponding formula.

[0336]
ment of the present invention and an organic light-emitting

A compound according to an exemplary embodi-

device according to an exemplary embodiment of the pres-
ent invention will be described in more detail with reference
to Synthesis Examples and Examples. The wording “B was
used instead of A” used in describing Synthesis Examples
refers to that an identical molar equivalent of B was used in
place of A.

[0337] FIG. 2 is a graph showing light emission charac-
teristics of organic light-emitting devices including TADF
emitters, according to Example 1 and Comparative
BExamples 1 and 2. FIG. 3 is a graph showing external
quantum efficiency (EQE) and emission color with respect
to a driving current density in organic light-emitting devices
including TADF emitters, according to Example 1 and
Comparative Example 1 and 2.
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EXAMPLE
Synthesis Examples 1 to 3

Synthesis of Compounds 1 to 3

[0338]

"
N
0 (0]
(a)
XK
O O Anhydrous DMF -
F F
@
0]
N X

Compound 1: X = MeO—
Compound 2: X = BtO—
Compound 3: X =tert-BuO—

[0339]
potassium tert-butoxide may be added to a round-bottom
flask, and the round bottom flask was filled with Ar gas. The
resultant mixture may be stirred under reflux for about 30
minutes by using 20 ml of anhydrous dimethylformamide
(DMF) as a solvent. A solution in which 7.49 mmol of
44'-difluorobenzophenone is dissolved in 10 ml of anhy-
drous DMF may be added to the round-bottom flask and
stirred under reflux at a temperature of about 75° C. for
about 24 hours. After the reaction is completed, the reaction

10.1 mmol of phenoxazine and 20.2 mmol of

solution may be dissolved in water, and an organic material
may be extracted therefrom by using methylene chloride and
purified by column chromatography to obtain Compound 3
of a yellow solid phase. Compounds 1 and 2 may be
synthesized in substantially the same manner as in Com-
pound 3, except that potassium metoxide and potassium
etoxide may each be used instead of potassium tert-butox-
ide.
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Synthesis Example 4

Synthesis of Compound A
[0340]

H
@ND
(0]
(b)
tert-BuOK
O O Anhydrous DMF
F H

@

0,00

Compound A

[0341] 8.24 mmol of phenoxazine and 15.0 mmol of
potassium tert-butoxide may be added to a round-bottom
flask, and the round-bottom flask may be filled with Ar gas.
The resultant mixture may be stirred under reflux for about
30 minutes by using 20 ml of anhydrous DMF as a solvent.
A solution in which 7.49 mmol of 4-fluorobenzophenone is
dissolved in 10 ml of anhydrous DMF may be added to the
round-bottom flask and stirred under reflux at a temperature
of about 110° C. for about 12 hours. After the reaction was
completed, the reaction solution may be dissolved in water,
and an organic material may be extracted therefrom by using
methylene chloride and purified by column chromatography
to obtain Compound A of a yellow solid phase.

Synthesis Example 5

Synthesis of Compound B
[0342]

pdas]

(0]

(b)
tert-BuOK

Anhydrous DMF

0]

F I | F

M
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-continued
(6]

Compound B

[0343]
potassium tert-butoxide may be added to a round-bottom
flask, and the round-bottom flask may be filled with Ar gas.
The resultant mixture may be stirred under reflux for about

13.3 mmol of phenoxazine and 26.6 mmol of

30 minutes by using 15 ml of anhydrous DMF as a solvent.
A solution in which 13.3 mmol of 4,4'-difluorobenzophe-
none is dissolved in 5 ml of anhydrous DMF may be added
to the round-bottom flask and stirred under reflux at a
temperature of about 110° C. for about 12 hours. After the
reaction is completed, the reaction solution may be dis-
solved in water, and an organic material may be extracted
therefrom by using methylene chloride and purled by col-
umn chromatography to obtain Compound B of a yellow
solid phase.

Example 1

[0344] As an ITO anode, an ITO glass substrate (e.g.,
manufactured by Samsung Corning Co., Ltd.), on which an
ITO layer is deposited to a thickness of 15 Q/cm? (e.g., about
1,200 A), may be cut to a size of about 25 mmx25 mmx0.7
mm, sonicated with isopropyl alcohol and pure water each
for 5 minutes, and then cleaned by exposure to ultraviolet
rays and ozone for about 30 minutes. Then, the resultant ITO
glass substrate may be positioned in a vacuum deposition
apparatus.

[0345] o-NPD may be vacuum-deposited on the ITO
anode formed on the ITO glass substrate to form a hole
transport layer having a thickness of about 65 nm.

[0346] mCP and Compound 3 (5 wt %) may be co-
deposited on the hole transport layer to form an emission
layer having a thickness of about 30 nm. Then, 2,2',2"-(1,
3,5-benzinetriyl)-btis(1-phenyl-1-Hbenzimidazole) (TPBi)
may be deposited on the emission layer to form an electron
transport layer having a thickness of about 30 nm. LiF may
be deposited on the electron transport layer to form an
electron injection layer having a thickness of about 1 nm,
and Al may be deposited on the electron injection layer to
form a cathode having a thickness of about 100 nm, thus
forming an organic light-emitting device. The deposition
apparatus may be Suicel plus 200 (manufactured by Sunic
System Co., Ltd.).
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<a-NPD>

<mCP>

<TPBi>

Comparative Example 1

[0347] An organic light-emitting device may be manufac-
tured in substantially the same manner as in Example 1,
except that Compound A may be used instead of Compound
3 in forming an emission layer.

<Compound A>

H N
]
Comparative Example 2
[0348] An organic light-emitting device may be manufac-

tured in substantially the same manner as in Example 1,
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except that Compound B may be used instead of Compound
3 in forming an emission layer.

<Compound B>

o]

N | ‘ N

[0349] A current-voltage meter (e.g., Keithley SMU 236)
may supply power to the organic light-emitting devices
manufactured according to Example 1 and Comparative
Examples 1 to 2, and a luminance meter may be used to
measure luminance, color coordinates, current efficiency,
emission wavelength range, external quantum efficiency,
and emission color. Exemplary results thereof are shown in
Table 1 and FIGS. 2 and 3.

TABLE 1
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aspects within each embodiment should typically be con-
sidered as available for other similar features or aspects in
other embodiments.

[0354] While the present invention has been shown and
described with reference to the exemplary embodiments
thereof, it will be apparent to those of ordinary skill in the
art that various changes in form and detail may be made
thereto without departing from the spirit and scope of the
present invention.

What is claimed is:

1. A polycyclic compound represented by Formula 1:

<Formula 1>

Ry Ry

R3 RS

Rs Riyo

Maximum
external
Quantum

Maximum
emission

Maximum
current
efficiency

Driving
voltage

V] [cd/A] [%] [nm] [nm]

CIEx

efficiency wavelength FWHM _Color coordinates

CIEy

3.6
3.6

29.5
31.5

10.4
10.6

509
516

94
103

Example 1
Comparative
Example 1
Comparative
Example 2

3.2 29.0 9.2 541 113

0.28
0.31

0.39

0.52
0.53

0.55

[0350] Referring to Table 1 and FIGS. 2 and 3, when a
compound according to an exemplary embodiment of the
present invention is used as a host of an emission layer, the
driving voltage and efficiency similar to those of an existing
TADF material are exhibited and a full width at half maxi-
mum (FWHM) is reduced to narrow an emission wavelength
region thus increasing color purity, but in the case of
Comparative Example 1 or 2 that uses a TADF material
having an existing symmetrical structure or a compound in
which only phenoxazine is substituted, an emission wave-
length region is excessively wide, and thus, if is difficult to
exhibit color purity of a desired level.

[0351] As an example, a main emission wavelength region
of the organic light-emitting device of Example 1 may be
shifted to a shorter wavelength, as compared with the
organic light-emitting device of Comparative Example 2
using a TADF material having a symmetrical structure.

[0352] According to an exemplary embodiment of the
present invention, an organic light-emitting device may have
relatively high efliciency and relatively high color purity.

[0353] It should be understood that embodiments
described herein should be considered in a descriptive and
not for purposes of limitation. Descriptions of features or

-continued

<Formula 2>
*

Lidan

g . . |
Ripy— An Ap —=—Rpsn2
,

‘\ . AN /’

Sao# Yll .~

<Formula 3>

Ranat

P
. . . .
, ;

Loa——  An

v
'
[y

&

AN L7 S s

S YZZ e’

<Formula 4>
*

Lar—Ary,

wherein, in Formulae 1 to 4,
X,1800rS,

Y, Y, and Y,, are each independently selected from a
single bond, C(R;))(Rs), Si(R3)(R;z0), O, S, and
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N(R;,), and wherein Y, and Y, are not a single bond
at the same time,

AL AL A, , and A,, are each independently a C,-Cy,
carbocyclic group or a C,-Cg, heterocyclic group,

L,,L,;, and L,, are each independently a substituted or
unsubstituted C,-C, carbocyclic group or a substituted
or unsubstituted C,-C,, heterocyclic group,

al, all. and a2l are each independently an integer
selected from O to 3, wherein, when al is two or more,
two or more L, (s) are identical to or different from each
other, when all is two or more, two or more L, (s) are
identical to or different from 1each other, and when a21
is two or more, two or more 1,(s) are identical to or
different from each other,

Ar, is selected from —F, —Cl, —Br, —I, a cyano group,
a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cy, alkenyl group, a
substituted or unsubstituted C,-Cg, alkynyl group, a
substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C;-C, , cycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C4-C,, aryl group,

—N(Q161)(Q102), and —S(Q;,),

R, to R5, Ry, Rys, Ry, and R, are each independently
selected from a group represented by one of Formulae
2 to 4, hydrogen, deuterium, —F, —Cl, —Br, —, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a substituted or unsubstituted C,-Cq, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a
substituted or unsubstituted C,-C, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
substituted or unsubstituted C,-C, , cycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
CeCq aryl group, a substituted or unsubstituted
C-Cgo aryloxy group, a substituted or unsubstituted
Cs-Cqo arylthio group, a substituted or unsubstituted
C,-C¢ heteroaryl group, a substituted or unsubstituted
divalent non-aromatic condensed polycyclic group, and
a substituted or unsubstituted divalent non-aromatic
condensed heteropolycyclic group, —Si(Q,)(Q,)(Q5),

—NQDQ). —BQ)Q). —(5=0),(Q)). and
7P(:O)(Ql)(Q2)7

provided that each of Ry, to R;,, Ry, Rysy Ryp, and Ry,
is not a group represented by one of Formulae 2 to 4,

at least one of R, to Ry is a group represented by Formula
2 or Formula 3,

at least one of R to R, is a group represented by Formula
4,

b11, b12, b21, and b22 are each independently an integer
selected from 1 to 15, wherein, when b1l is two or
more, two or more R, (s) are identical to or different
from each other, when b12 is two or more, two or more
R,,() are identical to or different from each other, when
b21 is two or more, two or more R, (s) are identical to
or different from each other, and when b22 is two or
more, two or more R,,(s) are identical to of different
from each other,
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at least one substituent of the substituted C;-Cq, carbo-
cyclic group, the substituted C, -C, heterocyclic group,
the substituted C,-C,, alkyl group, the substituted
C,-C, alkenyl group, the substituted C,-Cy, alkynyl
group, the substituted C,-Cq, alkoxy group, the substi-
tuted C,-C,, cycloalkyl group, the substituted C,-C,,
heterocycloalkyl group, the substituted C;-C,,
cycloalkenyl group, the substituted C,-C,, heterocy-
cloalkenyl group, the substituted C,-C, aryl group, the
substituted C4-Cq, aryloxy group, the substituted
CsCqo arylthio group, the substituted C,-Cg, het-
eroaryl group, the substituted monovalent non-aro-
matic condensed polycyclic group, and the substituted
monovalent non-aromatic condensed heteropolycyclic
group is selected from:

deuterium, —F, —Cl, —Br, —I1, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazino group, a hydrazono group, a C,-Cy,
alkyl group, a C,-Cg, alkenyl group, a C,-Cq, alkynyl
group, and a C,-Cg, alkoxy group;

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazino group, a hydrazono group, a C;-C,,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C,-Cg, aryl group, a Cg-Cyq aryloxy
group, a C4-Cgy, arylthio group, a C,-Cq, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic aromatic con-
densed heteropolycyclic group, —Si(Q,;)(Q;,)(Q;3),
—N@Q,)Q).  —BQQ), —CEO)Q),
—S(=0),(Qy,), and —P(=0)(Q;,)(Q;>):

a C5-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 Cg-Cy
aryloxy group, a C-Cg, arylthio group, a C;-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, a biphenyl group, and a
terphenyl group;

a C5-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-Cg,
aryloxy group, a Cg-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, a biphenyl group, and a
terphenyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-Cg, alkyl group, a C,-Cq, alkenyl
group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy group,
a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C,-Cq, aryl group, a C,-Cgy
aryloxy group, a C¢-Cg,, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, a biphenyl group, a
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terpheny! group, —Si(Q,1)(Q22)(Q23). —N(Q;)(Qx).
—B(Q21)(Q22), —C(=0)(Q,y), —S(=0),(Q;,), and
—P(=0)(Q,1)(Qx); and

—Si(Q3)(Q32)(Qs3), —N(Q31)(Qs2),  —BQ5)(Qs0),
—C(=0)Qs1), —S(=),(Q;1), and —P(=0)(Q5))
(Qs2):

Quo1s Quo2s Q1 10 Q. Qyy 10 Qy3, Qyy 10 Qs and Qj to
Q55 are each independently selected from hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazino group, a hydrazono group, a C,-C,
alkyl group, a C,-C, alkenyl group, a C,-C,, alkynyl
group, a C,-Cq, 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, a monovalent non-aromatic condensed het-
eropolycyclic group, a biphenyl group, and a terphenyl
group, and

* indicates a binding site to a neighboring atom.

2. The polycyclic compound of claim 1, wherein,

in Formulae 2 and 3,

Y, 1s selected from a single bond, C(R;,)(R5,), O, and S,
and at least one of Y,, or Y, is N(R;)).

3. The polycyclic compound of claim 1, wherein,
in Formulae 2 to 4,
L,,L,,, and L,, are each independently selected from:

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an ace-
naphthylene group, a fluorenylene group, a spiro-bif-
luorenylene group, a spiro-fluorene-benzofluorenylene
group, a benzofluorenylene group, a dibenzofluore-
nylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthe-
nylene group, a triphenylenylene group, a pyrenylene
group, a chrysenylene group, a naphthacenylene group,
a picenylene group, a perylenylene group, a pentaphe-
nylene group, a hexacenylene group, a pentacenylene
group, a rubicenylene group, a coronenylene group, an
ovalenylene group, a pyrrolylene group, a thiophe-
nylene group, a furanylene group, an imidazolylene
group, a pyrazolylene group, a thiazolylene group, an
isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group,
an isoindolylene group, an indolylene group, an inda-
zolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridi-
nylene group, a quinoxalinylene group, a quinazoli-
nylene group, a cinnolinylene group, a carbazolylene
group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene
group, a benzimidazolylene group, a benzofuranylene
group, a benzothiophenylene group, an isobenzothiaz-
olylene group, a benzoxazolylene group, an isobenzo-
xazolylene group, a triazolylene group, a tetrazolylene
group, an oxadiazolylene group, a triazinylene group, a
dibenzofuranylene group, a dibenzothiophenylene
group, a dibenzosilolylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a thia-
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diazolylene group, an imidazopyridinylene group, and
an imidazopyrimidinylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an ace-
naphthylene group, a fluorenylene group, a spiro-bif-
luorenylene group, a spiro-fluorene-benzofluorenylene
group, a benzofluorenylene group, a dibenzofluore-
nylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthe-
nylene group, a triphenylenylene group, a pyrenylene
group, a chrysenylene group, a naphthacenylene group,
a picenylene group, a perylenylene group, a pentaphe-
nylene group, a hexacenylene group, a pentacenylene
group, a rubicenylene group, a coronenylene group, an
ovalenylene group, a pyrrolylene group, a thiophe-
nylene group, a furanylene group, an imidazolylene
group, a pyrazolylene group, a thiazolylene group, an
isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group,
an isoindolylene group, an indolylene group, an inda-
zolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridi-
nylene group, a quinoxalinylene group, a quinazoli-
nylene group, a cinnolinylene group, a carbazolylene
group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene
group, a benzimidazolylene group, a benzofuranylene
group, a benzothiophenylene group, an isobenzothiaz-
olylene group, a benzoxazolylene group, an isobenzo-
xazolylene group, a triazolylene group, a tetrazolylene
group, an oxadiazolylene group, a triazinylene group, a
dibenzofuranylene group, a dibenzothiophenylene
group, a dibenzosilolylene group, a benzocarba-
zolylene group, a dibenzocarbazolylene group, a thia-
diazolylene group, an imidazopyridinylene group, and
an imidazopyrimidinylene group, each substituted with
at least one selected from deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a cyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclopenteny! group, a cyclohexenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a pental-
enyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group,
an acenaphthyl group, a fluorenyl group, a spiro-bif-
luorenyl group, a benzofluorenyl group, a dibenzofluo-
renyl 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 peryle-
nyl group, a pentaphenyl group, a hexacenyl group, a
pentacenyl group, a rubicenyl group, a coronenyl
group, an ovalenyl group, a pyrrolyl group, a thiophe-
nyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl 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
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group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzimidazolyl 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 dibenzosilolylene group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, a thiadi-

azolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl ~ group,  —Si(Q3,)(Q5,)(Qs5).
—N(Q3)Qs2):  —BQs)Qx).  —CE0)Qsy),

—S8(=0),(Qs,), and —P(=0)(Q;,)(Qs.), and

Q;, to Qs; are each independently selected from a C,-C
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
phenyl group substituted with a C;-C,, alkyl group, a
biphenyl group, a terphenyl group, a naphthyl group,
and a dibenzofuranyl group.

4. The polycyclic compound of claim 1, wherein

A, A, Ay, and A, are each independently selected
from:

a phenyl group. a naphthalene group, a fluorene group, a
spiro-bifluorene group, a spiro-fluorene-benzofluorene
group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, an anthracene group, a triph-
enylene group, a pyrenylene group, a chrysenylene
group, a pyrrole group, a thiophene group, a furan
group, an imidazole group, a pyrazole group, a thiazole
group, an isothiazole group, an oxazole group, an
isoxazole group, a pyridine group, a pyrazinine group,
a pyrimidine group, a pyridazinine group, a quinolinine
group, an isoquinolinine group, a benzoquinolinine
group, a quinoxalinine group, a quinazolinine group, an
indole group, a carbazole group, a benzimidazole
group, a benzofuran group, a benzothiophene group, an
iso-benzothiazole group, a benzoxazole group, an
isobenzoxazole group, an oxadiazole group, a triazine
group, a dibenzofuran group, a benzonaphthofuran
group, a dibenzothiophene group, a dibenzosilole
group, a benzocarbazole group, an indolocarbazole
group, a dibenzocarbazole group, an imidazopyridine
group, and an imidazopyrimidine group; and

a phenyl group, a naphthalene group, a fluorene group, a
spiro-bifluorene group, a spiro-fluorene-benzofluorene
group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, an anthracene group, a triph-
enylene group, a pyrenylene group, a chrysenylene
group, a pyrrole group, a thiophene group, a furan
group, an imidazole group, a pyrazole group, a thiazole
group, an isothiazole group, an oxazole group, an
isoxazole group, a pyridine group, a pyrazinine group,
a pyrimidine group, a pyridazinine group, a quinolinine
group, an isoquinolinine group, a benzoquinolinine
group, a quinoxalinine group, a quinazolinine group, an
indole group, a carbazole group, a benzimidazole
group, a benzofuran group, a benzothiophene group, an
iso-benzothiazole group, a benzoxazole group, an
isobenzoxazole group, an oxadiazole group, a triazine
group, a dibenzofuran group, a benzonaphthofuran
group, a dibenzothiophene group, a dibenzosilole
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group, a benzocarbazole group, an indolocarbazole
group, a dibenzocarbazole group, an imidazopyridine
group, and an imidazopyrimidine group, each substi-
tuted with at least one selected from deuterium, —F,
—Cl, —Br, a hydroxyl group, a cyano group, a nitro
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl
group, an imidazolyl group, a pyrazolyl group, a thi-
azolyl 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 benzoqui-
nolinyl group, a quinoxalinyl group, a quinazolinyl
group, an indolyl group, a carbazolyl group, a benz-
imidazolyl group, a benzofuranyl group, a benzothio-
phenyl group, an isobenzothiazolyl group, a benzox-
azolyl group, an isobenzoxazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a
group,
group, a dibenzosilolyl group, a benzocarbazolyl

benzonaphthofuranyl a dibenzothiophenyl

group, an indolocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, an imidazopyrim-
idinyl group, —Si(Q11)(Q12)(Qs3), —B(Q31)(Q1»),
—C(=0)(Qs1), —S(=0)5(Qsy), and —P(=0)(Qs})
(Qs5). and

Qs to Q,; are each independently selected from hydro-
gen, deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an
amidino group, a hydrazino group, a hydrazono group,
a C,-Cg, alkyl group, a C,-C,, alkenyl group, a C,-Cy,
alkynyl group, a C,-C4, alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,q cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cg, aryl group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed het-
eropolycyclic group, a biphenyl group, and a terphenyl
group.

5. The polycyclic compound of claim 1, wherein

the group represented by Formula 2 is selected from
groups represented by Formulae 2-1 to 2-7,
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-continued
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wherein, in Formulae 2-1 to 2-7,

Y, Ly, all, Ry, 1y, b1, and b12 are each indepen-
dently the same as in claim 1, and

R,; is the same as R,; and R,,; and

* indicates a binding site to a neighboring atom.

6. The polycyclic compound of claim 1; wherein

the group represented by Formula 3 is selected from
groups represented by Formulae 3-1 to 3-13:
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wherein, in Formulae 3-1 to 3-13,

Y, Yoo, Ly, @21, Ry, Ry, b21, and b22 are each
independently the same as in claim 1, and

R,; is the same as R,; and R,,, and

* indicates a binding site to a neighboring atom.

7. The polycyclic compound of claim 1, wherein

bl11, b12, b21, and b22 are each independently an integer
selected from 1 to 6.

8. The polycyclic compound of claim 1, wherein

Ar, in Formula 4 from:

—F,—Cl,—Br, —I, acyano group, a C,-C,, alkyl group,
a C,-C,, alkenyl group, a C,-C,, alkynyl group, a
C,-C,, alkoxy group, a C;-C,, cycloalkyl group, a
C,-C, heterocycloalkyl group, a C4-C,, aryl group,
—N(Q,0)(Q,02), and —S(Q,,); and

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from —F, —Cl,
—Br, —I, and a C,-C,, alkyl group, and

Q.o and Q,,, are each independently selected from
hydrogen, deuterium, —F, —Cl, —Br, —I1, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazino group, a hydrazono group,
aC,-Cq, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, a C,-C, alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,q cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cg, aryl group, a C,-Cy, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed het-
eropolycyclic group, a biphenyl group, and a terphenyl
group.

9. The polycyclic compound of claim 1, wherein

Ar, in Formula 4 is selected from —F, a cyano group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a C,-Cy,
heterocycloalkyl group, N(Q, 0, )(Q,42). a C,-C,, alkyl
group substituted with at least one —F, and a C,-C,,
alkoxy group substituted with at least one C,-C,, alkyl
group, and
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Q015 Quoz Q; 0 Qs, Q) © Qy3, Qs 10 Q,, and Qs to

Q55 are each independently selected from hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazino group, a hydrazono group, a C,-Cy,
alkyl group, a C,-C, alkenyl group, a C,-C,, alkynyl
group, a C,-C, alkoxy group, a C,;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy aryl group, a C,-Cg, heteroaryl group,
a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed het-
eropolycyclic group, a biphenyl group, and a terphenyl
group,

10. The polycyclic compound of claim 1, wherein

R, to R, in Formula 1 are each independently selected
from:

a group represented by one of Formulae 2 to 4, hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, a C,-C,, alkyl group, and
a C,-C,, alkoxy group;

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluoreny! group, a spiro-bifluorenyl
group, a spiro-fluorene-benzofluorenyl group, a benzo-
fluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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, a quinolinyl group,
an isoquinolinyl group, a benzoquinolinyl group, a
quinoxaliny] group, a quinazolinyl group, a carbazolyl
group, a benzimidazolyl group, a benzofuranyl group,
a benzothiophenyl group, an isobenzothiazolyl group, a
benzoxazolyl group, an isobenzoxazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a benzonaphthofuranyl group, a dibenzothio-
phenyl group, a dibenzosilolyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group;

a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a
phenanthrenyl group, an anthracenyl group, a triph-
enylenyl 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 pyrim-
idinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a benzoquinolinyl group, a
quinoxaliny] group, a quinazolinyl group, a carbazolyl
group, a benzimidazolyl group, a benzofuranyl group,
a benzothiophenyl group, an isobenzothiazolyl group, a
benzoxazolyl group, an isobenzoxazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a benzonaphthofuranyl group, a dibenzothio-
phenyl group, a dibenzosilolyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from deute-
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rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyrrolyl group, a thiophe-
nyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl 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 benzimi-
dazolyl group, a benzofuranyl group, a benzothiophe-
nyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, an oxadiazolyl group,
a triazinyl group, a dibenzofuranyl group, a benzonaph-
thofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl ~ group,  —(S1(Q5,)(Q32)(Qs3),
—B(Q3)(Qs2): —C(=0)(Q;1), —S(=0),(Q;,), and
—P(=0)(Q31)(Qs2); and

—Si(Q,)(Q2)(Q5), B(Q)(Q,), —C(=0)Q,), —S(=0)
2(Qy). and —P(=0)(Q,)(Q,), and

Q, to Q; and Q;, to Q,; are each independently, selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a phenyl group substituted witha C,-C,
alkyl group, a biphenyl group, a terphenyl group, a
naphthyl group, and a carbazolyl group.

11. The polycycelic compound of claim 1, wherein

R, is a group represented by Formula 2 or Formula 3.
12. The polycyclic compound of claim 1, wherein

R, is a group represented by Formula 2 or Formula 3, and
R is a group represented by Formula 4.

13. The polycyclic compound of claim 1, wherein

a difference between a singlet energy level and a triplet
energy level of the polycyclic compound is 0.3 eV or
less.

14. The polycyclic compound of claim 1, wherein

the polycyclic compound is selected from Compounds 1
to 9:
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15. An organic light-emitting device comprising;

a first electrode;

a second electrode facing the first electrode; and

an organic layer between the first electrode and the second
electrode, the organic layer comprising an emission
layer and at least one of the polycyclic compound of
claim 1.

18. The organic light-emitting device of claim 15, wherein

the first electrode is an anode,

the second electrode is a cathode,

the organic layer further comprises a hole transport region
between the first electrode and the emission layer and
an electron transport region between the emission layer
and the second electrode,

the hole transport region comprises a hole injection layer,
a hole transport layer, an emission auxiliary layer, an
electron blocking layer, or any combination thereof,
and

the electron transport region comprises a hole blocking
layer, an electron transport layer, an electron injection
layer, or any combination thereof.

17. The organic light emitting device of claim 16, wherein

the emission layer comprises the polycyclic compound.

18. The organic light-emitting device of claim 17, wherein

the polycyclic compound comprised in the emission layer
is a thermally activated delayed fluorescence (TADF)
emitter, and

the emission layer emits delayed fluorescence.
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19. The organic light-emitting device of claim 17, wherein

the emission layer consists of the polycyclic compound;
or

the emission layer further comprises a host, and an
amount of the polycyclic compound is in a range of
about 0.1 parts by weight to about 50 parts based on
100 parts by weight of the emission layer.

20. The organic light-emitting device of claim 16, wherein

the hole transport region comprises a p-dopant, of which
a lower unoccupied molecular orbital (LUMO) energy
level is -3.5 eV

® 0% % % %
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