US 20140117326A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0117326 Al

LEE et al. (43) Pub. Date: May 1, 2014
(54) HETEROCYCLIC COMPOUND AND (52) US.CL
ORGANIC LIGHT-EMITTING DEVICE CPC ... HO1L 51/0052 (2013.01); H01L 51/0072
INCLUDING THE SAME (2013.01); HOIL 51/0067 (2013.01); HOIL
] o 51/0071 (2013.01); HO1L 51/0061 (2013.01);
(71)  Applicants:Sun-Young LEE, Yongin-City (KR); HOIL 51/0073 (2013.01); HOIL 51/0074
Yoon-Hyun KWAK, Yongin-City (KR); (2013.01)
Bum-Woo PARK, Yongin-City (KR); ) ) : o
Jong-Won CHOL Yongin-City (KR); USPC 2/57/49, 54_;1/21.2, 5471/189, 54§/417,
Wha-IL CHOL Yongin-City (KR); 544/284; 548/418; 548/416; 544/331; 546/276.7
So-Yeon KIM, Yongin-City (KR);
Ji-Youn LEE, Yongin-City (KR)
(57) ABSTRACT
(72) Inventors: Sun-Young LEE, Yongin-City (KR);
Yoon-Hyun KWAK, Yongin-City (KR);
Bum-Woo PARK, Yongin-City (KR); A heterocyclic compound represented by Formula 1 below,
Jong-Won CHOI, Yongin-City (KR); and an organic light-emitting device including the heterocy-
Wha-IL CHOI, Yongin-City (KR); clic compound:
So-Yeon KIM, Yongin-City (KR);
Ji-Youn LEE, Yongin-City (KR)
F lal
(21) Appl. No.: 13/939,342 o
(22) Filed: Jul. 11, 2013
(30) Foreign Application Priority Data
Oct. 30,2012 (KR) coovvvrvcercenenen 10-2012-0121523
Publication Classification
(1) Int.Cl
HOIL 51/00 (2006.01)

SECOND ELECTRODE

ElL

ETL

EML

HTL

HIL

FIRST ELECTRODE




Patent Application Publication May 1, 2014 US 2014/0117326 Al

FIG. 1

SECOND ELECTRODE

ElL

ETL

EML

HTL

HIL

FIRST ELECTRODE




US 2014/0117326 Al

HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0121523
filed on Oct. 30, 2012, in the Korean Intellectual Property
Office, and entitled: “HETEROCYCLIC COMPOUND
AND ORGANIC LIGHT-EMITTING DEVICE INCLUD-
ING THE SAME,” the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The embodiments relate to a heterocyclic com-
pound and an organic light-emitting device including the
heterocyclic compound.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices (OLEDs), which are
self-emitting devices, have advantages such as wide viewing
angles, excellent contrast, quick response, high brightness,
excellent driving voltage characteristics, and can provide
multicolored images.

[0006] A OLED may have a structure including a substrate,
and an anode, a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and a cathode
which are sequentially stacked on the substrate. In this regard,
the HTL, the EML, and the ETL are organic thin films formed
of organic compounds.

[0007] An exemplary operating principle of an OLED hav-
ing the above-described structure is as follows.

[0008] Whenavoltage is applied between the anode and the
cathode, holes injected from the anode move to the EML via
the HTL, and electrons injected from the cathode move to the
EML via the ETL. The holes and electrons recombine in the
EML to generate excitons. When the excitons drop from an
excited state to a ground state, light is emitted.

SUMMARY

[0009] Embodiments are directed to a heterocyclic com-
pound represented by Formula 1 below:

<Formula 1>

[0010] InFormulal,R, toR,,eachindependently may be
a hydrogen atom, a deuterium atom, a substituted or unsub-
stituted C1-C60 alkyl group, a substituted or unsubstituted
C1-C60 alkeny] group, a substituted or unsubstituted C6-C60
aryl group, a substituted or unsubstituted C6-C60 aryloxy
group, an amino group substituted with a C6-C60 aryl group,
a substituted or unsubstituted C3-C60 heteroaryl group, or a
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substituted or unsubstituted C6-C60 condensed polycyclic
group, R, and R, may be linked to each other to form a first
ring or R¢ and R, may be linked to each other to form a second
ring, and X may be a substituted or unsubstituted C1-C60
alkyl group, a substituted or unsubstituted C6-C60 aryl
group, a substituted or unsubstituted C4-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 condensed

polycyclic group.

[0011] The heterocyclic compound may be represented by
Formula 2 below:

<Formula 2>

[0012] InFormula2,R, to R, R, and Ry, each indepen-
dently may be a hydrogen atom, a deuterium atom, a substi-
tuted or unsubstituted C1-C60 alkyl group, a substituted or
unsubstituted C1-C60 alkenyl group, a substituted or unsub-
stituted C6-C60 aryl group, a substituted or unsubstituted
C6-C60 aryloxy group, an amino group substituted with a
C6-C60 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group, n may be an integer from 1 to 4,
when n>1, a plurality of (Rs,), moieties may be optionally
linked to each other to form a ring, and X may be a substituted
or unsubstituted C1-C60 alkyl group, a substituted or unsub-
stituted C6-C60 aryl group, a substituted or unsubstituted
C4-C60 heteroaryl group, or a substituted or unsubstituted
C6-C60 condensed polycyclic group.

[0013] R, in Formula 2 may be a group represented by one
of Formulae 2a to 2d below:

2b
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-continued
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[0014] InFormulae2ato2d,Q, maybe alinker represented
by —C(R3)(R3,)— —O0—,—S— or —N(R;,)—Z,, R;p,
R;,, and R, each independently may be a hydrogen atom, a
deuterium atom, a substituted or unsubstituted C1-C20 alkyl
group, a substituted or unsubstituted C6-C20 aryl group, a
substituted or unsubstituted C3-C20 heteroaryl group, an
amino group substituted with a C6-C20 aryl group, a substi-
tuted or unsubstituted C6-C20 condensed polycyclic group, a
halogen group, a cyano group, anitro group, a hydroxy group,
or a carboxy group, p may be an integer from 1 to 7, and * may
indicate a binding site of R, in Formula 2.

[0015] X in Formula 2 may be a group represented by one
of Formulae 3a to 3¢ below:

2d

3a
@1y
X
P
T
/
3b
Zy Y, 7
JY
Yz\(%
*
3

VYN "N

[ L ——

Il
NN

[0016] InFormulae 3ato3c, Z, and Z, each independently
may be a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C6-C20 aryl group, a substituted or unsubstituted
C3-C20 heteroaryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, a halogen group, a
cyano group, a nitro group, a hydroxyl group, or a carboxy
group, Y, to Y5 may be each independently C or N, p may be
an integer from 1 to 5, and * may indicate a binding site of X
in Formula 2.

[0017] The heterocyclic compound may be represented by
Formula 3 below:

<Formula 3>
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[0018] In Formula 3, R, to Ry, R, to R, and Ry, each
independently may be a hydrogen atom, a deuterium atom, a
substituted or unsubstituted C1-C60 alkyl group, a substi-
tuted or unsubstituted C1-C60 alkenyl group, a substituted or
unsubstituted C6-C60 aryl group, a substituted or unsubsti-
tuted C6-C60 aryloxy group, an amino group substituted with
a C6-C60 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group, m may be an integer from 1 to 4,
when m>1, a plurality of (R,),, moieties may be optionally
linked together to form a ring, and X may be a substituted or
unsubstituted C1-C60 alkyl group, a substituted or unsubsti-
tuted C6-C60 aryl group, a substituted or unsubstituted
C4-C60 heteroaryl group, or a substituted or unsubstituted
C6-C60 condensed polycyclic group.

[0019] R in Formula 3 may be a group represented by one
of Formulae 2a to 2d below:

(Z1p
A

2b

2d

[0020] InFormulae 2ato 2d, Q, may bea linker represented
by 4C(R30)(R31)7’ 4075 7875 or 7N(R32)75 le R305
R;,;, and R;, each independently may be a hydrogen atom, a
deuterium atom, a substituted or unsubstituted C1-C20 alkyl
group, a substituted or unsubstituted C6-C20 aryl group, a
substituted or unsubstituted C3-C20 heteroaryl group, an
amino group substituted with a C6-C20 aryl group, a substi-
tuted or unsubstituted C6-C20 condensed polycyclic group, a
halogen group, a cyano group, anitro group, a hydroxy group,
or a carboxy group, p may be an integer from 1 to 7, and * may
indicate a binding site of Rq in Formula 3.
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[0021] X in Formula 3 may be a group represented by one
of Formulae 3a to 3¢:

3a
Z1)p
(§/\
T
F
3b
Zy Y, 7
JY
Yz\(%
3

Vi
/

N

T,
NN

[0022] InFormulae 3ato 3¢, Z, and Z, each independently
may be a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C6-C20 aryl group, a substituted or unsubstituted
C3-C20 heteroaryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, a halogen group, a
cyano group, a nitro group, a hydroxyl group, or a carboxy
group, Y, to Y, each independently may be C or N, p may be
an integer from 1 to 5, and * may indicate a binding site of X
in Formula 3.

[0023] The compound of Formula 1 may be one of the
compounds below:

\
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[0024] Embodiments are also directed to an organic light-
emitting device, including a first electrode, a second elec-
trode, and an organic layer between the first electrode and the
second electrode, wherein the organic layer may include the
heterocyclic compound.

[0025] The organic layer may include an emission layer,
and the heterocyclic compound may be included as a host or
a dopant for a fluorescent or phosphorescent device.

[0026] The organic layer may be a hole injection layer, a
hole transport layer, or a functional layer having both hole
injection and hole transport capabilities.

[0027] The organic light-emitting device may include an
emission layer, an electron injection layer, an electron trans-
port layer, or a functional layer having both electron injection
and transport capabilities, and a hole injection layer, a hole
transport layer, or a functional layer having both hole injec-
tion and transport capabilities, at least one of the hole injec-
tion layer, the hole transport layer, and the functional layer
having both hole injection and hole transport capabilities may
include the heterocyclic compound, and the emission layer
may include an anthracene-based compound, an arylamine-
based compound, or a styryl-based compound.

[0028] The organic light-emitting device may include an
emission layer, an electron injection layer, an electron trans-
port layer, or a functional layer having both electron injection
and transport capabilities, and a hole injection layer, a hole
transport layer, or a functional layer having both hole injec-
tion and transport capabilities, at least one of the hole injec-
tion layer, the hole transport layer, and the functional layer
having both hole injection and hole transport capabilities may
include the heterocyclic compound; and the emission layer
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may include at least one of a red, green, blue, or white emis-
sion layer, one of which may include a phosphorescent com-
pound.

[0029] The at least one of the hole injection layer, the hole
transport layer, and the functional layer having both hole
injection and hole transport capabilities may further include a
charge-generating material.

[0030] The charge-generating material may be a p-dopant.
[0031] The p-dopant may be a quinine derivative, a metal
oxide, or a cyano group-containing compound.

[0032] The organic layer may include an electron transport
layer, and the electron transport layer includes a metal com-
plex.

[0033] The metal complex may be a Li complex.

[0034] The organic layer may be formed from the hetero-

cyclic compound using a wet process.

[0035] Embodiments are also directed to a flat panel dis-
play device comprising the organic light-emitting, wherein
the first electrode of the organic light-emitting device may be
electrically connected to a source electrode or a drain elec-
trode of a thin-film transistor.

BRIEF DESCRIPTION OF THE DRAWING

[0036] Features will become apparent to those of skill inthe
art by describing in detail exemplary embodiments with ref-
erence to the attached drawing in which FIG. 1 illustrates a
schematic view of a structure of an organic light-emitting
device according to an embodiment.

DETAILED DESCRIPTION

[0037] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0038] According to an embodiment, there is provided a
heterocyclic compound represented by Formula 1 below:

<Formula 1>

[0039] InFormulal,

[0040] R, toR,, are each independently a hydrogen atom,
a deuterium atom, a substituted or unsubstituted C1-C60
alkyl group, a substituted or unsubstituted C1-C60 alkenyl
group, a substituted or unsubstituted C6-C60 aryl group, a
substituted or unsubstituted C6-C60 aryloxy group, an amino
group substituted with a C6-C60 aryl group, a substituted or
unsubstituted C3-C60 heteroaryl group, or a substituted or
unsubstituted C6-C60 condensed polycyclic group;

[0041] R, and R, are linked to each other to form a ring, or
R, and R, are linked to each other to form a ring; and
[0042] X is a substituted or unsubstituted C1-C60 alkyl
group, a substituted or unsubstituted C6-C60 aryl group, a
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substituted or unsubstituted C4-C60 heteroaryl group, or a
substituted or unsubstituted C6-C60 condensed polycyclic
group.

[0043] The heterocyclic compound of Formula 1 above
may be used as a hole injection/hole transport material for
organic light-emitting devices or a host material for an emis-
sion layer of organic light-emitting devices. The heterocyclic
compound of Formula 1 above has high thermal stability.
Lowest unoccupied molecular orbital (LUMO) energy level
and a highest occupied molecular orbital (HOMO) energy
level of the heterocyclic compound may be suitable for an
emission layer for organic light-emitting devices. Due to a
large highest occupied molecular orbital (HOMO)-lowest
unoccupied molecular orbital (LUMO) energy gap of the
heterocyclic compound of Formula 1, the energy level of the
heterocyclic compound may be easily controlled by varying
substituents of the heterocyclic compound. Accordingly, the
heterocyclic compound of Formula 1 may be effectively used
as a phosphorescent host.

[0044] Substituents in the heterocyclic compound of For-
mula 1 will now be described in detail.

[0045] In some embodiments, Formula 1 may be repre-
sented by Formula 2 below:

<Formula 2>

[0046] In Formula 2,

[0047] R, toR,, R, and Ry, may be each independently a
hydrogen atom, a deuterium atom, a substituted or unsubsti-
tuted C1-C60 alkyl group, a substituted or unsubstituted
C1-C60 alkenyl group, a substituted or unsubstituted C6-C60
aryl group, a substituted or unsubstituted C6-C60 aryloxy
group, an amino group substituted with a C6-C60 aryl group,
a substituted or unsubstituted C3-C60 heteroaryl group, or a
substituted or unsubstituted C6-C60 condensed polycyclic

group;
[0048] n may be an integer from 1 to 4,
[0049] aplurality of R5,s may be optionally linked together

to form a ring; and

[0050] X may be a substituted or unsubstituted C1-C60
alkyl group, a substituted or unsubstituted C6-C60 aryl
group, a substituted or unsubstituted C4-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 condensed
polycyclic group.

[0051] In some embodiments, R, in Formula 2 may be a
group represented by one of Formulae 2a to 2d below:

Ja
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[0052] In Formulae 2a to 2d,

[0053] Q, maybealinkerrepresented by —C(R;)(R5;)—,
—0—, —S—, or—N(R;,)—;

[0054] Z,, R, Ry, and R, may be each independently a
hydrogen atom, a deuterium atom, a substituted or unsubsti-
tuted C1-C20 alkyl group, a substituted or unsubstituted
C6-C20 aryl group, a substituted or unsubstituted C3-C20
heteroaryl group, an amino group substituted with a C6-C20
aryl group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen group (e.g., a halogen), a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

[0055] p may be an integer from 1 to 7; and
[0056] * indicates a binding site.
[0057] Additionally, in Formulae 2b and 2d above, the line

corresponding to (Z,), that extends across multiple rings indi-
cates that the (Z, ), moiety may be a substituent at one or more
location of one or more of the rings that the line crosses. This
interpretation of a line crossing multiple rings also applies to
the other formulas in this disclosure.

[0058] In some embodiments, X in Formula 2 may be a
group represented by one of Formulae 3a to 3c:

3a
(Z1)p
| \/\
U
a
3b
Zs Y| Zy
TY
Yz\(Ys
3

[0059] In Formulae 3ato 3c,

[0060] 7, and Z, may be each independently a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C1-C20 alky! group, a substituted or unsubstituted C6-C20
aryl group, a substituted or unsubstituted C3-C20 heteroaryl
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group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen group (e.g.. a halogen), a cyano
group, a nitro group, a hydroxyl group, or a carboxy group;
and

[0061] Y, to Y, may be each independently C or N;
[0062] p may be an integer from 1 to 5; and

[0063] * may indicate a binding site.

[0064] In some embodiments, Formula I may be repre-

sented by Formula 3 below:

<Formula 3>

Reo)m

[0065]
[0066] R, toRs, Rgto Ry, and Ry, may be each indepen-
dently a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C1-C60 alkyl group, a substituted or unsubsti-
tuted C1-C60 alkenyl group, a substituted or unsubstituted
C6-C60 aryl group, a substituted or unsubstituted C6-C60
aryloxy group, an amino group substituted with a C6-C60
aryl group, a substituted or unsubstituted C3-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 condensed
polycyclic group;

[0067] m may be an integer from 1 to 4;

[0068] aplurality of R c5s may be optionally linked together
to form a ring; and

[0069] X may be a substituted or unsubstituted C1-C60
alkyl group, a substituted or unsubstituted C6-C60 aryl
group, a substituted or unsubstituted C4-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 condensed
polycyclic group.

[0070] In some embodiments, Ry in Formula 3 may be a
group represented by one of Formulas 2a to 2d below:

In Formula 3,

2a

2b

1)y

(\(Ql
(Z1)p

e
K/N

2¢
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2d
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[0071] In Formulae 2a to 2d,

[0072] Q, may bealinker represented by —C(R;)(R;3, )—,
—0—, —S—, or—N(R;,)—;

[0073] Z,, R, R, and R, may be each independently a
hydrogen atom, a deuterium atom, a substituted or unsubsti-
tuted C1-C20 alkyl group, a substituted or unsubstituted
C6-C20 aryl group, a substituted or unsubstituted C3-C20
heteroaryl group, an amino group substituted with a C6-C20
aryl group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen group (e.g., a halogen), a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

[0074] p may be an integer from 1 to 7; and
[0075] * may indicate a binding site.
[0076] In some embodiments, X in Formula 3 may be a

group represented by one of Formulae 3a to 3c:

3a
(Z1),
| \/\
T
/
3b
Zy Y, 7y
\( Y
Y, \(3@
3

[0077] In Formulae 3a to 3c,

[0078] Z, and Z, may be each independently a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C1-C20 alky! group, a substituted or unsubstituted C6-C20
aryl group, a substituted or unsubstituted C3-C20 heteroaryl
group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen group), a cyano group, a nitro
group, a hydroxyl group, or a carboxy group; and

[0079] Y, toY, may be each independently C or N;
[0080] p may be an integer from 1 to 5; and

[0081] * may indicate a binding site.

[0082] Hereinafter, substituents described with reference

to the formulae above will now be described in detail. In this
regard, the numbers of carbons in substituents are presented
only for illustrative purposes and do not limit the character-
istics of the substituents. The term “substituted” or “substi-
tution” will be defined in conjunction with a substituent of an
alkyl group (see below), and will not be repeated with respect
to each of the other described groups.
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[0083] The unsubstituted C1-C60 alkyl group used herein
may be linear or branched. Examples of the alkyl group may
include, but are not limited to, a methyl group, an ethyl group,
a propyl group, an isobutyl group, a sec-butyl group, a pentyl
group, an iso-amyl group, a hexyl group, a heptyl group, an
octyl group, a nonanyl group, and a dodecyl group. At least
onehydrogen atom of the alkyl group may be substituted with
a deuterium atom, a halogen atom, a hydroxyl group, a nitro
group, a cyano group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a C1-C10 alkyl group, a C1-C10 alkoxy
group, a C2-C10 alkenyl group, a C2-C10 alkynyl group, a
C6-C16 aryl group, or a C4-C16 heteroaryl group.

[0084] The unsubstituted C2-C60 alkenyl group indicates
anunsaturated alkyl groups having at least one carbon-carbon
double bond in the center or at a terminal of the alkyl group.
Examples of the alkenyl group are an ethenyl group, a pro-
penyl group, a butenyl group, and the like. At least one hydro-
gen atom in the unsubstituted alkenyl group may be substi-
tuted with a substituent described above in conjunction with
the alkyl group.

[0085] The unsubstituted C2-C60 alkynyl group indicates
an alkyl group having at least one carbon-carbon triple bond
in the center or at a terminal of the alkyl group. Non-limiting
examples of the unsubstituted C2-C20 alkynyl group are
acetylene, propylene, phenylacetylene, naphthylacetylene,
isopropylacetylene, t-butylacetylene, and diphenylacetylene.
At least one hydrogen atom in the alkynyl group may be
substituted with a substituent described above in conjunction
with the alkyl group.

[0086] The unsubstituted C3-C60 cycloalkyl group indi-
cates a C3-C60 cyclic alkyl group wherein at least one hydro-
gen atom in the cycloalkyl group may be substituted with a
substituent described above in conduction with the C1-C60
alkyl group.

[0087] Theunsubstituted C1-C60 alkoxy group indicates a
group having a structure of —OA wherein A is an unsubsti-
tuted C1-C60 alkyl group as described above. Non-limiting
examples of the unsubstituted C1-C60 alkoxy group are a
methoxy group, an ethoxy group, a propoxy group, an iso-
propyloxy group, a butoxy group, and a pentoxy group. At
least one hydrogen atom of the alkoxy group may be substi-
tuted with a substituent such as those described above in
conjunction with the alkyl group.

[0088] The unsubstituted C6-C60 aryl group indicates a
carbocyclic aromatic system containing at least one ring. At
least two rings may be fused to each other or linked to each
other by a single bond. The term “aryl” refers to an aromatic
system, such as phenyl, naphthyl, or anthracenyl. At least one
hydrogen atom in the aryl group may be substituted with a
substituent described above in conjunction with the unsubsti-
tuted C1-C60 alkyl group.

[0089] Non-limiting examples of the substituted or unsub-
stituted C6-C60 aryl group are a phenyl group, a C1-C10
alkylphenyl group (for example, ethylphenyl group), a
halophenyl group (for example, o-, m-, and p-fluorophenyl
group, dichlorophenyl group), a cyanophenyl group, dicy-
anophenyl group, a trifluoromethoxyphenyl group, a biphe-
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nyl group, a halobiphenyl group, a cyanobiphenyl group, a
C1-C10 alkyl biphenyl group, a C1-C10 alkoxybiphenyl
group, a 0-, m-, and p-tolyl group, an o-, m-, and p-cumenyl
group, a mesityl group, a phenoxyphenyl group, a (a,o-dim-
ethylbenzene)phenyl group, a (N,N'-dimethyl Jaminophenyl
group, a (N,N'-diphenyl)aminophenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, a halonaphthyl
group (for example, fluoronaphthy! group), a C1-C10 alkyl-
naphthyl group (for example, methylnaphthyl group), a
C1-C10 alkoxynaphthyl group (for example, methoxynaph-
thyl group), a cyanonaphthyl group, an anthracenyl group, an
azulenyl group, a heptalenyl group, an acenaphthylenyl
group, a phenalenyl group, a fluorenyl group, an
anthraquinolyl group, a methylanthryl group, a phenanthryl
group, a triphenylene group, a pyrenyl group, a chrycenyl
group, an ethyl-chrysenyl group, a picenyl group, a perylenyl
group, a chloroperylenyl group, a pentaphenyl group, a pen-
tacenyl group, a tetraphenylenyl group, a hexaphenyl group,
a hexacenyl group, a rubicenyl group, a coronelyl group, a
trinaphthylenyl group, a heptaphenyl group, a heptacenyl
group, a pyranthrenyl group, and an ovalenyl group.

[0090] The unsubstituted C3-C60 heteroaryl group used
herein includes one, two or three hetero atoms selected from
N, O, P and S. At least two rings may be fused to each other
or linked to each other by a single bond. Non-limiting
examples of the unsubstituted C4-C60 heteroaryl group are a
pyrazolyl group, an imidazolyl group, an oxazolyl group, a
thiazolyl group, a triazolyl group, a tetrazolyl group, an oxa-
diazolyl group, a pyridinyl group, a pyridazinyl group, a
pyrimidinyl group, a triazinyl group, a carbazol group, an
indol group, a quinolyl group, an isoquinolyl group, and a
dibenzothiophene group. In addition, at least one hydrogen
atom in the heteroaryl group may be substituted with a sub-
stituent described above in conjunction with the unsubsti-
tuted C1-C60 alkyl group.

[0091] The unsubstituted C6-C60 aryloxy group is a group
represented by —OA1 wherein Al may be a C6-C60 aryl
group. An example of the aryloxy group is a phenoxy group.
At least one hydrogen atom in the aryloxy group may be
substituted with a substituent described above in conjunction
with the unsubstituted C1-C60 alkyl group.

[0092] The unsubstituted C6-C60 arylthio group is a group
represented by —SA1 wherein Al may be a C6-C60 aryl
group. Non-limiting examples of the arylthio group are a
benzenethio group and a naphthylthio group. At least one
hydrogen atom in the arylthio group may be substituted with
a substituent described above in conjunction with the unsub-
stituted C1-C60 alkyl group.

[0093] The unsubstituted C6-C60 condensed polycyclic
group used herein refers to a substituent including at least two
rings wherein at least one aromatic ring and/or at least one
non-aromatic ring are fused to each other, or refers to a
substituent having an unsaturated group in a ring that may not
form a conjugate structure. The unsubstituted C6-C60 con-
densed polycyclic group is distinct from an aryl group or a
heteroaryl group in terms of being non-aromatic.
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[0094] The heterocyclic compound of Formula 1 may be _continued
one of the following compounds, but is not limited thereto: 4
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64

[0095] The heterocyclic compound of Formula 1 may be
synthesized using a known organic synthesis method. A syn-
thesis method of the heterocyclic compound of Formula 1
may be understood by those of ordinary skill in the art from
the examples that will be described below.

[0096] An embodiment provides an organic light-emitting
device including a first electrode, a second electrode, and an
organic layer disposed between the first electrode and the
second electrode, wherein the organic layer includes the com-
pound of Formula 1 described above.

[0097] The organic layer may include at least one layer
selected from among a hole injection layer, a hole transport

18
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layer, a functional layer having both hole injection and hole
transport capabilities (e.g., properties) (hereinafter, “H-func-
tional layer”), a buffer layer, an electron blocking layer, an
emission layer, a hole blocking layer, an electron transport
layer, an electron injection layer. and a functional layer hav-
ing both electron injection and electron transport capabilities
(e.g., properties) (hereinafter, “E-functional layer”).

[0098] Insome embodiments, the organic layer may be an
emission layer, and the compound may be used as a host or a
dopant in a fluorescent or phosphorescent device.

[0099] In some embodiments, the organic light-emitting
device may include an electron injection layer, an electron
transport layer, an emission layer, a hole injection layer, a
hole transport layer, or a functional layer having both hole
injection and transport capabilities; and the emission layer
may further include the compound of Formula 1 above, and
an anthracene-based compound, an arylamine-based com-
pound or a styryl-based compound.

[0100] In some other embodiments, the organic light-emit-
ting device may include an electron injection layer, an elec-
tron transport layer, an emission layer, a hole injection layer,
a hole transport layer, or a functional layer having both hole
injection and transport capabilities; at least one of a red emis-
sion layer, a green emission layer, a blue emission layer, and
a white emission layer of the emission layer may include a
phosphorescent compound; and at least one of the hole injec-
tion layer, the hole transport layer, and the functional layer
having both hole injection and hole transport capabilities may
include the heterocyclic compound of Formula 1 and a
charge-generating material. In some embodiments, the
charge-generating material may be a p-dopant, and the
p-dopant may be a quinine derivative, a metal oxide, or a
cyano group-containing compound.

[0101] In some embodiments, the organic layer may
include an electron transport layer, and the electron transport
layer may include an electron-transporting organic com-
pound and a metal complex. The metal complex may be a
lithium (Li) complex.

[0102] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers disposed between the

first and second electrodes of the organic light-emitting
device.

[0103] The organic layer may include an emission layer,
and the emission layer may include the compound of Formula
1 described above. The organic layer may include at least one
of a hole injection layer, a hole transport layer, and a func-
tional layer having both hole injection and hole transport
capabilities (hereinafter, “H-functional layer”); and at least
one of the hole injection layer, the hole transport layer, and the
functional layer having both hole injection and hole transport
capabilities may include the compound of Formula 1.

[0104] The compound in the EML (emission layer) may
serve as a host. For example, the compound of Formula 1 may
serve as a green phosphorescent host emitting green light. The
compound of Formula 1 in the emission layer may serve as a
fluorescent or phosphorescent dopant emitting red light,
green light, or blue light.
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[0105] FIG. 1 is a schematic sectional view of an organic
light-emitting device according to an embodiment. Hereinaf-
ter, a structure of an organic light-emitting device according
to an embodiment and a method of manufacturing the same
will now be described with reference to FIG. 1.

[0106] A substrate (not shown) may be a suitable substrate
that is used in existing organic light emitting devices. In some
embodiments the substrate may be a glass substrate or a
transparent plastic substrate with strong mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling, and water resistance.

[0107] The first electrode may be formed by depositing or
sputtering a first electrode-forming material on the substrate.
When the first electrode is an anode, a material having a high
work function may be used as the first electrode-forming
material to facilitate hole injection. The first electrode may be
areflective electrode or a transmission electrode. Transparent
and conductive materials such as [TO, IZO, SnQO,, and ZnO
may be used to form the first electrode. The first electrode
may be formed as a reflective electrode using magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—L1i), calcium
(Ca), magnesium-indium (Mg—In), magnesium-silver
(Mg—Ag), or the like.

[0108]

or a multi-layer structure including at least two layers. For

The first electrode may have a single-layer structure

example, the first electrode may have a three-layered struc-
ture of ITO/Ag/ITO, but is not limited thereto.

[0109] An organic layer(s) is disposed on the first electrode.
[0110] Theorganic layer may include a hole injection layer
(HIL), a hole transport layer (HTL), a buffer layer (not
shown), an emission layer (EML), an electron transport layer
(ETL), or an electron injection layer (EIL).

[0111] The HIL may be formed on the first electrode by
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like.

[0112] When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
10-8 torr to about 10-3 torr, and a deposition rate of about 0.01
to about 100 A/sec. However, the deposition conditions are
not limited thereto.

[0113]
coating conditions may vary according to the compound that

When the HIL is formed using spin coating, the

is used to form the HIL, and the desired structure and thermal
properties of the HIL to be formed. For example, the coating
rate may be in the range of about 2000 rpm to about 5000 rpm,
and a temperature at which heat treatment is performed to
remove a solvent after coating may be in the range of about
80° C. to about 200° C. However, the coating conditions are
not limited thereto.

[0114]
pound of Formula 1 or a suitable material that is commonly

The HIL may be formed of the heterocyclic com-

used to form a HIL. Non-limiting examples of the material

May 1, 2014

that can be used to form the HIL are N,N'-diphenyl-N,N'-bis-
[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine,
(DNTPD), a phthalocyanine compound such as copperphtha-
locyanine, 4,4'.4"-tris (3-methylphenylphenylamino) triph-
enylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-diphe-
nylbenzidine (NPB), TDATA, 2T-NATA, polyaniline/
acid (Pani/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrene sulfonate)
(PEDOT/PSS), polyaniline/camphor sulfonic acid (Pani/
CSA), and polyaniline)/poly(4-styrenesulfonate (PANI/
PSS).

dodecylbenzenesulfonic
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[0115] The thickness of the HIL. may be from about 100 A
to about 10000 A, and in some embodiments, from about 100
A to about 1000 A. When the thickness of the HIL is within
these ranges, the HIL. may have good hole injecting ability
without a substantial increase in driving voltage.

[0116] Then, a HTL may be formed on the HIL by using
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like. When the HTL is formed using
vacuum deposition or spin coating, the conditions for depo-
sition and coating may be similar to those for the formation of
the HIL, though the conditions for the deposition and coating
may vary according to the material that is used to form the
HTL.

[0117] The HTL may be formed of the heterocyclic com-
pound of Formula I or a suitable hole transporting material.
Non-limiting examples of suitable known HTL forming
materials are carbazole derivatives, such as N-phenylcarba-
zole or polyvinyl carbazole, N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]|-4,4'-diamine (TPD), 4,4',4"-tris(N-
carbazolyljtriphenylamine  (TCTA), and NN'-di(l-
naphthyl)-N,N'-diphenylbenzidine) (NPB).

A A
SRS

TPD
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-continued

NPB

[0118] Thethicknessofthe HTL may be from about 50 A to
about 2000 A, and in some embodiments, from about 100 A
to about 1500 A. When the thickness of the HTL is within
these ranges, the HTL may have good hole transporting abil-
ity without a substantial increase in driving voltage.

[0119] The H-functional layer (having both hole injection
and hole transport capabilities ) may contain at least one mate-
rial from each group of the hole injection layer materials and
hole transport layer materials. The thickness of the H-func-
tional layer may be from about 500 A to about 10,000 A, and
in some embodiments, may be from about 100 A to about
1,000 A. When the thickness of the H-functional layer is
within these ranges, the H-functional layer may have good
hole injection and transport capabilities without a substantial
increase in driving voltage.

[0120] Insome embodiments, atleast one of the HIL, HTL,
and H-functional layer may include at least one of a com-
pound of Formula 350 below:

<Formula 350>

N N
/ \
Ay Arp

[0121] In Formula 350, Ar,, and Ar,, may be each inde-
pendently a substituted or unsubstituted C5-C60 alkyl group.

[0122] InFormulae350,R,, andR,, may be each indepen-
dently a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone, a
carboxyl group or a salt thereof; a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a substituted
or unsubstituted C,-Cy, alkyl group, a substituted or unsub-
stituted C,-Cg, alkenyl group, a substituted or unsubstituted
C,-Cg alkynyl group, a substituted or unsubstituted C,-Cg,
alkoxy group, a substituted or unsubstituted C;-Cg,
cycloalkyl group, a substituted or unsubstituted C,-Cg, aryl
group, a substituted orunsubstituted Cq-C, aryloxy group, or
a substituted or unsubstituted C4-Cg, arylthio group. In some
embodiments, R, and R, may be each independently one of
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a hydrogen atom; a deuterium atom; a halogen atom; a _continued

hydroxyl group; a cyano group; a nitro group; an amino 303
group; an amidino group; a hydrazine; a hydrazone; a car-
boxyl group or a salt thereof; a sulfonic acid group or a salt
thereof; a phosphoric acid group or a salt thereof; a C,-C,
alkyl group (for example, a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group, or
the like); a C,-C,,, alkoxy group (for example, a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, a
pentoxy group, orthe like); a C,-C,, alkyl groupand a C,-C
alkoxy group that are substituted with at least one of a deu-
terium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, and a phosphoric acid
group or a salt thereof; a phenyl group; a naphthyl group; an
anthryl group; a fluorenyl group; a pyrenyl group; and a
phenyl group, a naphthyl group, an anthryl group, a fluorenyl
group, and a pyrenyl group that are substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, and a
C,-C,, alkoxy group.

>
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[0123] In some non-limiting embodiments, at least one of
the HIL, HTL, and H-functional layer may include at least
one of the following compounds, but not limited thereto:
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-continued

[0124] At least one of the HIL, HTL, and H-functional
layer may further include a charge-generating material for
improved layer conductivity, in addition to a known hole
injecting material, hole transport material, and/or material
having both hole injection and hole transport capabilities as
described above.

[0125] The charge-generating material may be, for
example, a p-dopant. The p-dopant may be one of quinine
derivatives, metal oxides, and compounds with a cyano
group, but are not limited thereto. Non-limiting examples of
the p-dopant are quinone derivatives such as tetracyanoquino-
nedimethane (TCNQ), 2.3,5,6-tetrafluoro-tetracyano-1,4-
benzoquinonedimethane (F4-CTNQ), and the like; metal
oxides such as tungsten oxide, molybdenum oxide, and the
like; and cyano-containing compounds such as Compound
200 below.

<Compound 200>

N
NC
Xy
N N o
‘ X
P
N oy
N
NC 7
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-continued
<F4-CTNQ>
E F
NC CN
NC CN
F F

[0126] When the hole injection layer, hole transport layer,
or H-functional layer further includes a charge-generating
material, the charge-generating material may be homoge-
neously dispersed or inhomogeneously distributed in the
layer.

[0127] A buffer layer may be disposed between at least one
of the HIL, HTL, and H-functional layer, and the EML. The
buffer layer may compensate for an optical resonance dis-
tance of light according to a wavelength of the light emitted
from the EML, and thus may increase efficiency. The buffer
layer may include a suitable hole injecting material or hole
transporting material that are widely known. In some other
embodiments, the buffer layer may include the same material
as one of the materials included in the HIL, HTL, and H-func-
tional layer that underlie the buffer layer.

[0128] Then, an EML may be formed on the HTL, H-func-
tional layer, or buffer layer by vacuum deposition, spin coat-
ing, casting, Langmuir-Blodget (LB) deposition, or the like.
When the EML is formed using vacuum deposition or spin
coating, the deposition and coating conditions may be similar
to those for the formation of the HIL, though the conditions
for deposition and coating may vary according to the material
that is used to form the EML.

[0129] The EML may include the heterocyclic compound
of Formula 1. For example, the compound of Formula 1 may
be used as a host or a dopant. The EML may be formed using
avariety of known light-emitting materials, in addition to the
compound of Formula 1. In some embodiments, the EML
may also be formed using a known host and a dopant. Dopants
that may be used to form the EML may include either a
fluorescent dopant or a phosphorescent dopant which are
widely known in the art.

[0130] Non-limiting example of known hosts are Alq3,
4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-vinylcarba-
zole) (PVK), 9,10-di(naphthalene-2-yl)anthracene (ADN),
TCTA, 1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene
(TPBI), 3-tert-butyl-9,10-di-2-naphthylanthracene
(TBADN), E3, distyrylarylene (DSA), dmCBP (see a for-
mula below), and Compounds 501 to 509 below.

TPBI
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e

[0131] In some embodiments, an anthracene-based com-
506 pound represented by Formula 400 below may be used as the

host.
<Formmula 400>
( N\ (Arqy5);
\ X
N.

(Aryy)g— Arip

Arpy—— (A2

(Ary16);

[0132] InFormula 400, Ar,, and Ar, |, may be each inde-
pendently a substituted or unsubstituted C,-Cg, arylene
group; Ar,, , 1o Ar, , s may be each independently a substituted
orunsubstituted C, -C, , alkyl group or a substituted or unsub-
stituted C4-Cg,, aryl group; and g, h, 1, and j are each indepen-
dently an integer from O to 4.

507

[0133] Insome embodiments, Ar,,, and Ar, , in Formula
400 may be each independently a phenylene group, a naph-
thylene group, a phenanthrenylene group, or a pyrenylene
group; or a phenylene group, a naphthylene group, a phenan-
threnylene group, a fluorenyl group, or a pyrenylene group
N7 SN that are substituted with at least one of a phenyl group, a

naphthyl group, and an anthryl group, but are not limited
SN thereto.
N [0134] In Formula 400 above, g, h, 1, and j may be each
independently 0, 1, or 2.

[0135] In some embodiments, Ar,,; to Ar,, in Formula

308 400 may be each independently one of a C,-C,, alkyl group
substituted with at least one of a phenyl group, a naphthyl
group, and an anthryl group; a phenyl group; a naphthyl

0 group; an anthryl group; a pyrenyl group; a phenanthrenyl
\ X \ group; a fluorenyl group; a phenyl group, a naphthyl group, an

hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or asalt thereof, a phosphoric acid or a salt
thereof, a C,-C, alkyl group, a C,-C,, alkenyl group, a
C,-Cgoalkynyl group, a C, -C, alkoxy group, a phenyl group,

N AN anthryl group, a pyrenyl group, a phenar}threnyl group, and a

S N-" \ fluorenyl group that are substituted with at least one of a
0 deuterium atom, a halogen atom, a hydroxyl group, a cyano

group, a nitro group, an amino group, an amidino group,
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a naphthyl group, an anthryl group, a pyrenyl group, a _continued
phenanthrenyl group, and a fluorenyl group, but are not lim-
ited thereto.

[0136] For example, the anthracene compound of Formula
400 above may be one of the compounds represented by the
following formulae, but is not limited thereto:
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[0137] In some embodiments, an anthracene-based com-
pound represented by Formula 401 below may be used as the
host.

Formula 401

(Arpa)

Ar 33

[0138] Ar,,, to Ar;,s in Formula 401 above may be as
defined above in conjunction with Ar, | ; of Formula 400, and
thus detailed descriptions thereof will not be repeated here.
[0139] Ar,,,and Ar,,, in Formula 401 above may be each
independently a C,-C,, alkyl group, for example, a methyl
group, an ethyl group, or a propyl group.

[0140] In Formula 401,k and 1 may be each independently
an integer from 0 to 4, for example, 0, 1, or 2.

[0141] For example, the anthracene compound of Formula
401 above may be one of the compounds represented by the
following formulae, but is not limited thereto:

=

X

oy O

DS N

/

\
/

/

\

\

7\

/



US 2014/0117326 Al

-continued

x
| PN
L
AV VO
| /\/
AN O
« |
« |

May 1, 2014

-continued

00y A

[0142] When the organic light-emitting device is a full
color organic light-emitting device, the emission layer may
be patterned into ared emission layer, a green emission layer,
and a blue emission layer.

[0143] Atleast one of the red EML, the green EML, and the
bluee EML may include a dopant below
(ppy=phenylpyridine).

[0144] Non-limiting examples of the blue dopant are com-
pounds represented by the following formulae.
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[0145] Non-limiting examples of the red dopant are com- _continued
pounds represented by the following formulae.
0
AN
Ir(piq)z
| x
P
Z N - 0= # N 'd |
| | Me
AN AN DCM
L —2 L —I3
Ir(pg)>(acac) Ir(2-phg)3

S

N 0
V \\Ir / \
0= DCITB

[0146] Non-limiting examples ofthe green dopant are com-
pounds represented by the following formulae.

Ir(BT))(acac)
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-continued
D3
D4
L , L , D5
Lr(ppy)a(acac) Ir(mpyp)s
D6
[0147] Non-limiting examples of the dopant that may be
used in the EML are Pt complexes represented by the follow-
ing formulae.
D7

D8
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-continued -continued

D14

D15

D16

D17

D13
D18
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D19

D20

D21

D22

D23
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-continued

D24

D25

D26

D27

D28

D29
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-continued -continued

D36

D37

D38

D39

D40
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-continued
D46
D4l B
\ N—
| P!
Z
\Pt/ 7
7 /N/ N\, A |
—N
X
Bu
D47
D42 (6}
D48
D43
D49
D44
D50
D45

[0148] Non-limiting examples of the dopant that may be
used in the EML are Os complexes represented by the fol-
lowing formulae.
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Os(hptz),(PPhMe;),

[0149] When the EML includes both a host and a dopant,
the amount of the dopant may be from about 0.01 to about 15
parts by weight based on 100 parts by weight of the host.
However, theamount of the dopant is not limited to this range.

37
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[0150] The thickness of the EMI. may be from about 100 A
to about 1000 A, and in some embodiments, from about 200
A to about 600 A. When the thickness of the EML is within
these ranges, the EML may have good light emitting ability
without a substantial increase in driving voltage.

[0151] Then, an ETL may be formed on the EML by
vacuum deposition, spin coating, casting, or the like. When
the ETL is formed using vacuum deposition or spin coating,
the deposition and coating conditions may be similar to those
for the formation of the HIL, though the deposition and coat-
ing conditions may vary according to a compound that is used
to form the ETL. A material for forming the ETL may be the
compound of Formula 1 above or a suitable material that can
stably transport electrons injected from an electron injecting
electrode (cathode). Non-limiting examples of materials for
forming the ETL are a quinoline derivative, such as tris(8-
quinolinorate)aluminum (Alq3), TAZ, BAlg, beryllium bis
(benzoquinolin-10-olate (Bebq,), 9,10-di(naphthalene-2-y1)
anthracene (ADN), Compound 201, and Compound 202, but
are not limited thereto.

o <Compound 201>
7

AN | .

v .,
2NN
AN |\/ A

N

W

| A
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<Compound 202>

BCP

[0152] The thickness of the ETL may be from about 100 A
to about 1000 A, and in some embodiments, from about 150
A to about 500 A. When the thickness of the ETL is within
these ranges, the ETL may have satisfactory electron trans-
porting ability without a substantial increase in driving volt-
age.

[0153] Insome embodiments the ETL may further include
ametal-containing material, in addition to a suitable electron-
transporting organic compound.

[0154] The metal-containing material may include a
lithium (Li) complex. Non-limiting examples of the Li com-
plex are lithium quinolate (LiQ) and Compound 203 below:

<Compound 203>

-

[0155] Then, an EIL, which facilitates injection of elec-
trons from the cathode, may be formed on the ETL. A suitable
electron-injecting material may be used to form the EIL.

38
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[0156] Non-limiting examples of materials for forming the
EIL are LiF, NaCl, CsF, L1,0, and BaO, which are known in
the art. The deposition and coating conditions for forming the
EIL 18 may be similar to those for the formation of the HIL,
though the deposition and coating conditions may vary
according to the material that is used to form the EIL 18.

[0157] The thickness of the EIL. may be from about 1 A to
about 100 A, and in some embodiments, from about 3 A to
about 90 A. When the thickness of the EIL is within these
ranges, the EIL may have satisfactory electron injection abil-
ity without a substantial increase in driving voltage.

[0158] Finally, the second electrode is disposed on the
organic layer. The second electrode may be a cathode that is
an electron injection electrode. Material for forming the sec-
ond electrode may be a metal, an alloy, an electro-conductive
compound, which have a low work function, or a mixture
thereof. In this regard, the second electrode may be formed of
lithium (L), magnesium (Mg), aluminum (Al), aluminum
(AD-lithium (Li), calcium (Ca), magnesium (Mg)-indium
(In), magnesium (Mg)-silver (Ag), or the like, and may be
formed as a thin film type transmission electrode. In some
embodiments, to manufacture a top-emission light-emitting
device, the transmission electrode may be formed of indium
tin oxide (ITO) or indium zinc oxide (IZO).

[0159] Although the organic light-emitting device of FIG. 1
is described above, the embodiments are not limited thereto.

[0160] When a phosphorescent dopant is used in the EML,
a HBL may be formed between the HTL and the EML or
between the H-functional layer and the EML by using
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like, in order to prevent diffusion of
triplet excitons or holes into the ETL. When the HBL is
formed using vacuum deposition or spin coating, the condi-
tions for deposition and coating may be similar to those for
the formation of the HIL, although the conditions for depo-
sition and coating may vary according to the material that is
used to form the HBL. A suitable hole-blocking material may
be used. Non-limiting examples of hole-blocking materials
are oxadiazole derivatives, triazole derivatives, and phenan-
throline derivatives. For example, bathocuproine (BCP) rep-
resented by the following formula may be used as a material
for forming the HBL.

BCP

[0161] The thickness of the HBL may be from about 20 A
to about 1000 A, and in some embodiments, from about 30 A
to about 300 A. When the thickness of the FIBL is within
these ranges, the HBL may have improved hole blocking
ability without a substantial increase in driving voltage.
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[0162] According to an embodiment, the organic light-
emitting device may be included in various types of flat panel
display devices, such as in a passive matrix organic light-
emitting display device or in an active matrix organic light-
emitting display device. In particular, when the organic light-
emitting device is included in an active matrix organic light-
emitting display device including a thin-film transistor, the
first electrode on the substrate may function as a pixel elec-
trode, electrically connected to a source electrode or a drain
electrode of the thin-film transistor. Moreover, the organic
light-emitting device may also be included in flat panel dis-
play devices having double-sided screens.

#—k HO. OH
[0) (0]
N,
B o x Suzulki
| coupling
N
| A
R
X
R
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[0163] In some embodiments the organic layer of the
organic light-emitting device may be formed of the com-
pound of Formula 1 by using a deposition method or may be
formed using a wet method of coating a solution of the com-
pound of Formula 1.

[0164] Hereinafter, embodiments will be described in
detail with reference to the following synthesis examples and
other examples. However, these examples are for illustrative
purposes only and are not intended to limit the scope of the
embodiments.

[0165] Reaction schemes for synthesis are as follows.
Detailed descriptions of synthesis methods will be provided
below.
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[0167] [Synthesis of Intermediate D]

45

Reaction Example 1

Synthesis of Intermediate D-a

[0168] 22 g of 3-Iodo-9-phenyl-9H-carbazole, 2.8 g (0.04
eq) of Pd(PPh,),, and 914 mg (0.08 eq) of Cul were put into
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a flask, which was then supplied with N2 gas in a vacuum.
After 200 mL of tetrahydrofuran (THF) was added into the
flask and then stirred, 10 mL (1.2 eq) of triethylamine and
10.0 g (1.2 eq) of TMS-acetylene were slowly dropwise
added thereinto, and then stirred at room temperature for
about 2 hours ina N2 atmosphere. After removing the solvent
using a rotary evaporator, the resulting reaction product was
extracted two times each with 200 mL of Et20 and 150 mL of
water. An organic layer was collected and dried using mag-
nesium sulfate to evaporate the solvent. The residue was
separated and purified by silica gel column chromatography
to obtain 20 g of Intermediate D-a (Yield: 99%) This com-
pound was identified using liquid chromatography-mass
spectroscopy (LC-MS). C23H21N1Si1: M+339.14

Reaction Example 2

Synthesis of Intermediate D

[0169] 4.2 g of Intermediate D-a was dissolved in 50 mL of
THF, and 30 mL (3 eq) of tetrabutylammonium fluoride in
THF (1.0M) was dropwise added thereinto and stirred for
about 30 minutes. The reaction solution was extracted three
times each with 50 mL of ethylether and 50 m[ of ethylether.
An organic layer was collected and dried using magnesium
sulfate to evaporate the solvent. The residue was separated
and purified by silica gel column chromatography to obtain
3.5 g of Intermediate D (Yield: 95%) This compound was
identified using LC-MS. C20H13N1: M+267.10

[0170] [Synthesis of Intermediates A to L]

[0171] Intermediates A to L were synthesized in the same
manner as in Reaction Examples 1 and 2 using the same
equivalents of reactants.

Yield (%)

Intermediate  Reaction Example 1 Reaction Example 2 LC-MS

A 98 95 132.06
B 97 94 132.04
C 98 96 158.02
D 99 95 267.10
E 98 97 269.12
F 99 96 208.03
G 97 97 192.06
H 95 93 267.10
1 96 96 267.10
J(Ar=71) 94 97 421.16
J(Ar=172) 95 95 422.15
J(Ar=173) 93 93 395.14
J(Ar=174) 95 93 419.17
J(Ar=175) 96 96 498.18
K 94 94 218.11
L 92 93 102.05

Z,
A\
=

/
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Representative Synthesis Example 1 -continued

Synthesis of Compound 1 @
N

[0172] Q O O cyclization
—_

900"
C A

Q O e
—»
Reaction Example 3

Synthesis of Intermediate 1-a
[0173] 13.6 g (1.2 eq) of 3-lodo-9-phenyl-9H-carbazol-2-
ol (SM), 1.36 g (0.04 eq) of Pd(PPh,),, and 450 mg (0.08 eq)
of Cul were put into a flask, which was then supplied with N,
gas in a vacuum. After 200 mL oftetrahydrofuran (THF) was
added into the flask and then stirred. 2.2 mL (1.2 eq) of
triethylamine and 3 g (1 eq) of Intermediate [ were slowly
dropwise added thereinto, and then stirred at room tempera-

ture for about 2 hours in N2 atmosphere After removing the

solvent using a rotary evaporator, the reaction solution was
added with 100 mL of water, and then extracted three times

with 100 mL of ethylether. An organic layer was collected and
dried using magnesium sulfate to evaporate the solvent. The
residue was separated and purified using silica gel column

chromatography to obtain 7.74 g of Intermediate 1-a (Yield:
buzuk‘ °°up“ng 61%). This compound was identified using LC-MS.
C,¢H,-N,0,: M+359.13

Reaction Example 4

O Synthesis of Intermediate 1-b
[0174] 5 g of Intermediate 1-a was dissolved in 100 mL of
methylene chloride (MC) to obtain a solution, which was
cooled to about 0° C., followed by an addition of 7.84 g of
Tf,0 and 2 mL of pyridine, and stirring at 0° C. for about 1
hour. After a temperature increase to room temperature, the

reaction solution was extracted three times with 100 mL of
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water and 100 mL of MC. An organic layer was collected and
dried using magnesium sulfate to evaporate the solvent. The
residue was separated and purified using silica gel column
chromatography to obtain 5.48 g of Intermediate 1-b (Yield:
94%). This compound was identified using LC-MS.
C27H, ;F,N,0,S: M+491.08

Reaction Example 5

Synthesis of Intermediate 1-c

[0175] 5 gofIntermediate 1-b, 1.5 g (1.2 eq) of Compound
a, 590 mg (0.05 eq) of PA(PPh;),,, and 7.0 g (5 eq) of K2CO3
were dissolved in 100 mL of THF and 30 mL of distilled water
to obtain a mixed solution, which was stirred for about 24
hours under reflux after a temperature increase to about 120°
C. The reaction solution was cooled to room temperature, and
then extracted three times with 200 mL of water and 200 mL
of diethylether. An organic layer was collected and dried
using magnesium sulfate to evaporate the solvent. The resi-
due was separated and purified using silica gel column chro-
matography to obtain 3.24 g of Intermediate 1-c (Yield:
76%). This compound was identified using LC-MS.
C;,Ho Ny M+419.17

Reaction Example 6

Synthesis of Compound 1

[0176] 3.14 gofIntermediate 1-¢ was dissolved in 50 mL of
methylene chloride (MC), and 12.5 mL (20 eq) of trifluoro-
acetic acid was slowly dropwise added thereinto and stirred at
room temperature for about 1 hour. After completion of the
reaction, the reaction solution was extracted three times each
with 100 mL of water and 100 mL of diethylether. An organic
layer was collected and dried using magnesium sulfate to
evaporate the solvent. The residue was separated and purified
using silica gel column chromatography to obtain 2.7 g of
Compound 1 (Yield: 90%). This compound was identified
using LC-MS. C;,H,,N;: M+419.17

[0177] 1HNMR (CDCl;, 400 MHz) & (ppm) 8.93 (s, 2H),
8.12 (s, 2H), 7.93-7.88 (t, 2H), 7.82 (t, 1H), 7.55-7.40 (m,
4H), 7.32-7.22 (m, 8H), 7.08-7.00 (m, 2H)

May 1, 2014

[0178] [Synthesis of Compounds 2 to 31]

[0179] A total of 30 compounds were synthesized in the
same manner as in Reaction Schemes 3 to 6 in the above-
described Representative Synthesis Example 1 using the
same equivalents of reactants.

Yield (%)

Reaction  Reaction Reaction Reaction

Compound  Example 3 Example 4 Example 5 Example 6 LC-MS
2 66 92 71 91 584.23
3 62 91 76 93 584.23
4 64 93 71 93 584.23
5 64 94 72 90 535.23
6 65 92 75 89 738.28
7 63 93 74 92 739.27
8 65 93 76 93 738.28
9 60 92 69 97 739.27

10 59 91 77 89 736.29
11 64 90 71 94 660.26
12 67 89 73 94 815.30
13 66 93 75 93 712.26
14 62 94 74 94 712.26
13 60 95 75 95 754.28
16 61 92 72 95 815.30
17 68 91 72 88 449.18
18 70 94 75 92 536.23
19 57 90 67 93 634.24
20 68 91 78 97 676.25
21 64 93 76 89 559.19
22 67 96 70 92 614.24
23 61 95 76 91 585.22
24 60 91 78 93 627.20
25 64 90 71 94 660.26
26 63 91 70 91 663.27
27 68 93 72 90 602.18
28 67 94 74 97 676.25
29 64 93 76 96 700.29
30 62 95 75 94 559.19
31 60 93 74 93 585.22
[0180] 'H NMR (CDCl,, 400 MHz) data

Compound NMR data

2 8.93(d,2H),8.12 (d, 2H), 7.93-7.82 (m, 3H), 7.55 (d, 2H), 7.40-7.36 (m, 31,
7.30-7.22 (m, 6H), 7.14 (t, 11T, 7.08 (m, 21), 7.00 (m, 2H)

3 8.93(d,2H),8.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82 (t, 11I), 7.77 (5, 1H), 7.55 (d,
1), 7.46-7.40 (m, 3H), 7.30-7.28 (m, 111), 7.08-7.00 (m, 4H)

4

8.93 (d, 2H), 8.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82 (t, 1H), 7.62-7.61 (t, 21),
7.55 (d, 2H), 7.40 (d, 211), 7.30-7.22 (m, 11H), 7.08-7.00 (m, 4H)

8.93 (d, 2H), 8.12 (d, 211), 7.93-7.77 (m, 6H), 7.60-7.55 (m, 3H), 7.40-7.38 (m,
2H), 7.30-7.28 (m, 6H), 7.08-7.00 (m, 2H), 1.67 (s, 61)

8.93 (d, 2H), 8.12 (d, 21), 7.93-7.88 (m, 2H), 7.82-7.77 (m, 2H), 7.70 (s, 1H),
7.55 (d, 2H), 7.48-7.46 (m, 5H), 7.40 (d, 2H), 7.32-7.30 (m, 10H), 7.2 (t, 2H),
7.08 (t, 2H), 7.00 (t, 2H)

8.93 (d, 2H), 7.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82-7.77 (m, 2H), 7.55 (d, 2H),
7.48-7.46 (m, 5H), 740 (d, 2H), 7.32-7.22 (m, 12H), 7.08-7.00 (m, 411

8.93 (d, 2H), 8.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82-7.77 (m, 2H), 7.70 (s, 1H),
7.55 (d, 2H), 7.48-7.46 (m, SH), 7.40 (d, 2H), 7.32-7.22 (m, 12H),

7.08-7.00 (m, 4H)

8.93 (d, 2H), 8.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82-7.77 (m, 2H), 7.55 (d, 2H),
7.48-7.46 (m, 5H), 7.40 (d, 2H), 7.32-7.22 (m, 12H), 7.08-7.00 (m, 41}

8.93 (d, 2H), 8.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82-7.70 (m, 3H), 7.55 (d, 2H),
7.48-7.40 (m, 9H), 7.32-7.22 (m, 12), 7.08-7.00 (m, 41)

8.93 (d, 2H), 8.12 (d, 2H), 7.93-7.88 (m, 2F), 7.82-7.77 (m, 2H), 7.55 (d, 2H),
7.50-7.46 (m, 5H), 740 (d, 2H), 7.30-7.22 (m, 11H), 7.08-7.00 (m, 4H)
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-continued

Compound NMR data

20

21

23

24

26

27

28

29

30

8.93 (d, 21), 8.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82-7.77 (m, 2H), 7.55 (d, 21),
7.50-7.46 (m, 7H), 7.40 (d, 211), 7.32-7.22 (m, 14F), 7.08-7.00 (m, 4H)

8.93 (d, 2H), 8.12 (d, 2H), 8.00 (d, 1H), 7.93 (s, 1H), 7.88-7.77 (m, SH),
7.60-7.55 (m, 3H), 7.48-7.46 (m, 3H), 7.40 (d, 2H), 7.32-7.30 (m, 3H),
7.30-7.22 (m, 6H), 7.08-7.00 (m, 4H)

8.93 (d, 2H), 8.12 (d, 2H), 8.00 (d, 1H), 7.93 (s, 1H), 7.88-7.77 (m, SH),
7.60-7.55 (m, 3H), 7.48-7.46 (m, 3H), 7.40 (d, 2H), 7.32-7.22 (m, 9H),
7.08-7.00 (m, 4T)

8.93 (d, 2H), 8.12 (d, 2H), 7.93-7.88 (m, 2H), 7.82-7.70 (m, 3H), 7.55-7.22 (m,
20H), 7.08 (m, 2H), 7.08-7.00 (m, 4H)

8.93 (d, 2H), 8.12 (d, 2H), 8.93-8.77 (m, 4H), 7.55 (d, 2H), 7.55-7.46 (m, 9H),
7.32-7.22 (m, 14H), 7.08-7.00 (m, 4H)

8.93 (d, 2H), 8.12 (d, 2H), 7.93-7.82 (m, 3H), 7.55 (d, 1H), 7.40-7.37 (m, 3H),
7.30 (m, SH), 7.08-7.00 (m, 2H), 6.83 (d, 2H), 6.83 (s, 3H)

8.93-8.81 (t, 3H), 8.55 (d, 1H), 8.26 (s, 1H), 8.12 (s, 1H), 8.06 (d, 1H),

7.97 (d, 1H), 7.93 (s, 1H), 7.6 (d, 1H), 7.55 (d, 1H), 7.44-7.40 (m, 3H),
7.30-7.24 (m, 6H), 7.08-7.00 (m, 2H), 1.73 (s, 6H)

8.93 (d, 2H), 8.12 (m, 3H), 7.93-7.82 (m, 4H), 7.77 (s, 1H), 7.55 (d, 2H),

7.46 (d, 1H), 7.40 (d, 2H), 7.30 (m, 11H), 7.08-7.00 (m, 4H)

8.93 (s, 1H), 8.12 (s, 2H), 7.93 (s, 1H), 7.82 (d, 1H), 7.55-7.49 (m, 2H),
7.42-7.40 (m, 2H), 7.30-7.00 (m, 15H), 6.62 (t, 2H), 6.52 (d, 2H), 6.46 (d, 4H)
8.93 (s, 1H), 8.31 (s, 2H), 8.12 (s, 1H), 7.91 (d, 2H), 7.64-7.61 (d, 2H), 7.55 (d,
2H), 749 (d, 1H), 7.42-7.35 (m, 5H), 7.30 (m, 5H), 7.13 (m, 2H), 7.08-7.00 (m,
2H)

8.90 (m, 2H), 8.10 (s, 2H), 7.90 (m, 2H), 7.55 (m, 3H), 7.40-7.37 (m, 5H),
7.30 (m, 5H), 7.08-7.00 (m, 6H), 6.83 (d, 2H), 3.73 (s, 3H)

8.93 (s, 2H), 8.81 (s, 1H), 8.55 (d, 1H), 8.12 (s, 2H), 7.97-7.93 (m, 2H),

7.55 (m, 2H), 7.44-7.40 (m, 3H), 7.30 (m, 0H), 7.08-7.00 (m, 4H)

9.11 (s, LH), 8.93 (s, 1H), 8.26 (s, 1H), 8.12 (s, 1H), 7.93 (s, 1H), 7.90 (d, 1H),
7.80 (d, 1H), 7.65 (d, 1H), 7.48-7.40 (m, 6H), 7.32-7.22 (m, 13H),

7.08-7.00 (m, 2H)

8.99-8.93 (m, 2H), 8.34 (s, 11), 8.12-8.10 (m, 2H), 7.93 (s, 1H), 7.77 (s, 11),
7.55 (d, 1H), 7.48-7.46 (m, 3H), 7.40 (d, 2H), 7.32-7.30 (m, 3H), 7.30-7.22 (m,
12H), 7.08-7.00 (m, 4H)

8.99-8.93 (m, 2H), 8.81 (s, 11), 7.55 (d, 1H), 8.34 (s, 11), 8.12-8.10 (t, 2H),
7.97-7.93 (t, 2H), 7.55 (d, 11}, 7.44-7.40 (m, 2H), 7.30-7.23 (m, 7H),
7.08-7.00 (m, 6H), 6.62 (t, 2H), 6.52 (d, 2H), 6.46 (d, 4H)

9.15 (s, 1H), 8.93 (s, 1H), 8.81 (s, 1H), 8.55 (d, 1H), 8.18-7.74 (m, 8H),
7.55-7.53 (m, 2H), 7.44-7.30 (m, 10H), 7.08-7.00 (m, 2H)

8.93 (s, 1H), 8.68 (d, 1H), 8.12 (s, 1H), 7.93 (s, 11), 7.64 (s, 1H), 7.55-7.00 (d,
21H), 6.62 (t, 2H), 6.46 (d, 4H)

8.93 (s, 1H), 8.81 (d, 1H), 8.12 (s, 1H), 8.06-8.02 (m, 2H), 7.93 (s, 1H), 7.77 (s,
1H), 7.61 (d, 1H), 7.55 (d, 2H), 7.46-7.40 (d, 4H), 7.30-7.24 (12H),

7.08-7.00 (m, 4H), 1.80 (s, 6H)

8.93 (d, 3H), 8.12 (d, 2H), 7.93 (s, 1H), 7.88-7.82 (m, 3H), 7.64 (s, 1H), 7.55 (d,
2H), 749 (d, 1H), 7.42-7.40 (m, 2H), 7.35 (d, 1H), 7.30 (m, 5H), 7.19-7.00 (m,
4n)

8.93 (t, 2}, 8.81 (s, 1H), 8.55 (d, 1H), 8.12 (s, 1H), 7.97-7.88 (m, 3H), 8.55 (d,
2H), 7.44 (d, 1H), 7.40 (d, 2H), 7.30 (m, 10H), 7.08-7.00 (m, 4H)

[0181]

Representative Synthesis Example 2

Synthesis of Compound 45
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Reaction Example 7

Synthesis of Intermediate 45-a

[0182] 10 g of 3-lodo-9-phenyl-9H-carbazol-2-01 (SM),
3.8 g(1.2 eq) of Compound a, 1.5 mg (0.05 eq) of Pd(PPh,).,,
and 18 g (5 eq) of K,CO; were dissolved in 200 mL of THF
and 60 mL of distilled water to obtain a mixed solution, which
was then refluxed for about 24 hours while being stirred after

a temperature increase to about 120° C. The reaction solution
was cooled to room temperature, and then extracted three
times with 200 mL of water and 200 mL of diethylether. An
organic layer was collected and dried using magnesium sul-
fate to evaporate the solvent. The residue was separated and
purified using silica gel column chromatography to obtain 8.2
g of Intermediate 45-a (Yield: 74%). This compound was
identified using LC-MS. C24H,,N,O,: M+335.13

45
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Reaction Example 8

Synthesis of Intermediate 45-b

[0183] 5 gofIntermediate 45-awas dissolved in 100 mL of
MC to obtain a solution, which was cooled to about 0° C.,
followed by an addition of 8.4 g of Tf,O and 2 mL of pyridine,
and stirring at 0° C. for about 1 hour. After a temperature
increase to room temperature, the reaction solution was
extracted three times with 100 mL of water and 100 mL of
MC. An organic layer was collected and dried using magne-
sium sulfate to evaporate the solvent. The residue was sepa-
rated and purified using silica gel column chromatography to
obtain 6.69 g of Intermediate 45-b (Yield: 96%). This com-
pound was identified using LC-MS. C,;H,,F,N,O,S;:
M+467.08

Reaction Example 9

Synthesis of Intermediate 45-c

[0184] 5.67 g (1.2 eq) of Intermediate 45-b, 470 g (0.04 eq)
of Pd(PPh,),, and 160 mg (0.08 eq) of Cul were put into a
flask, which was then supplied with N, gas in a vacuum. After
200 mL of tetrahydrofuran (THF) was added into the flask
and then stirred, 0.9 mL (1.2 eq) of triethylamine and 4 g (1
eq) of Intermediate J3 were slowly dropwise added thereinto,
and then stirred at room temperature for about 2 hours in N2
atmosphere. After removing the solvent using a rotary evapo-
rator, the reaction solution was added with 100 mL of water,
and then extracted three times with 100 mL of ethylether. An
organic layer was collected and dried using magnesium sul-
fate to evaporate the solvent. The residue was separated and
purified using silica gel column chromatography to obtain 5.1
g of Intermediate 45-¢ (Yield: 58%). This compound was
identified using LC-MS. C52H,N,: M+712.26

Reaction Example 10

Synthesis of Compound 45

[0185] 3 g of Intermediate 45-c was dissolved in 50 mL of
methylene chloride (MC), and 7.4 mL (20 eq) of trifluoro-
acetic acid was slowly dropwise added thereinto and stirred at
room temperature for about 1 hour. After completion of the
reaction, the reaction solution was extracted three times each
with 100 mL of water and 100 mL of diethylether. An organic
layer was collected and was dried using magnesium sulfate to

May 1, 2014

evaporate the solvent. The residue was separated and purified
using silica gel column chromatography to obtain 2.76 g of
Compound 45 (Yield: 92%). This compound was identified
using LC-MS. C,H,,N,: M+712.26

[0186] 1H NMR (CDCI3, 400 MHz) & (ppm) 8.93 (s, 2H),
8.12 (s, 2H), 8.0 (d, 1H), 7.93-7.77 (m, 6H), 7.60-7.22 (m,
17H), 7.08 (m, 2H), 7.00 (m, 2H)

Synthesis of Compounds 32 to 44, and 46 to 64

[0187] A total of 32 compounds were synthesized in the
same manner as in Reaction Schemes 7 to 10 in the above-
described Representative Synthesis Example 2 using the
same equivalents of reactants.

Yield (%)

Reaction  Reaction  Reaction Reaction
Compound Example 7 Example 8 Example 9 Example 10 LC-MS

32 72 90 59 90 419.17
33 70 92 61 91 584.23
34 72 92 63 92 584.23
35 73 91 67 90 584.23
36 76 90 62 96 535.23
37 71 89 63 94 538.28
38 76 93 67 92 739.27
39 72 92 62 92 738.28
40 74 93 69 91 739.27
41 71 91 62 89 736.29
42 69 90 72 92 660.26
43 73 93 67 93 815.30
44 71 89 59 90 712.26
46 72 88 62 88 754.28
47 76 91 61 93 815.30
48 78 93 70 97 449.18
49 74 90 68 96 420.16
30 72 91 62 91 591.20
51 70 93 67 91 636.26
52 68 92 63 94 615.17
53 70 87 67 54 499.19
54 70 87 67 46 499.19
55 79 89 61 94 585.22
56 78 92 71 32 640.20
57 78 92 71 68 640.20
58 80 89 64 89 736.29
59 71 93 73 91 662.27
60 72 91 58 90 602.18
61 78 90 62 64 586.20
62 78 90 62 36 586.20
63 69 88 67 94 616.25
64 77 90 69 88 424.19

[0188] 'H NMR (CDCl,, 400 MHz) data

Compound NMR data

32 .93 (s, 2H),8.12 (d, 2H), 7.93-7.82 (m, 3H), 7.55-7.22 (m, 12},
7.08-7.00 (m, 2H)

33 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.82 (m, 3H), 7.55 (d, 2H), 7.40-7.00 (m, 19H)

34 .93 (s, 2H),8.12 (d, 2H), 7.93-7.77 (m, 4H), 7.55 (d, 2H), 7.46-7.30 (m, 14H),
7.08-7.00 (m, 4H)

35 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.82 (m, 3H), 7.61-7.55 (m, 411), 7.40 (d, 21),
7.30-7.22 (m, 11H), 7.08-7.00 (m, 4T)
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Compound NMR data

36 8.93 (s, 2H), 8.12 (d, 21), 7.90-7.77 (m, 6H), 7.60-7.55 (m, 3H), 7.40-7.38 (m,
2H), 7.30-7.28 (m, 6H), 7.08-7.00 (m, 2H), 1.67 (s, 6H)

37 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.77 (m, 4H), 7.70 (s, 1H), 7.55-7.22 (m, 21H),
7.08-7.00 (m, 4T)

38 8.93 (s, 2H), 8.12 (d, 2), 7.93-7.77 (m, 4H), 7.55-7.22 (m, 21H),
7.08-7.00 (m, 4H)

39 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.77 (m, 4H), 7.70 (s, 1H), 7.55-7.22 (m, 21H),
7.08-7.00 (m, 4TH)

40 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.77 (m, 4H), 7.55-7.22 (m, 21H),
7.08-7.00 (m, 4H)

41 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.470 (m, 5H), 7.55-7.22 (m, 23H),
7.08-7.00 (m, 4H)

ry) 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.77 (m, 4H), 7.55-7.22 (m, 20H),
7.08-7.00 (m, 4H)

43 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.77 (m, 4H), 7.55-7.20 (m, 25H),
7.08-7.00 (m, 4H)

a4 8.93 (s, 2H), 8.12 (d, 2H), 7.80-7.77 (m, 7H), 7.60-7.22 (m, 17H),
7.08-7.00 (m, 4H)

46 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.88 (t, 2H), 7.82-7.70 (m, 3H), 7.55-7.20 (m,
22H), 7.08 (m, 2H), 7.08-7.00 (m, 4H)

47 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.77 (m, 4H), 7.55-7.20 (m, 26H),
7.08-7.00 (m, 4H)

48 8.93 (s, 2H), 8.12 (d, 2H), 7.93-7.82 (m, 3H), 7.55 (d, 1H), 7.40-7.37 (m, 3H),
7.30 (m, SH), 7.08-7.00 (m, 2H), 6.83 (d, 2H), 3.73 (s, 3H)

49 8.93 (s, 2H), 8.81 (s, 1H), 8.55 (d, 1H), 8.12 (d, 2H), 7.97-7.82 (m, 4H), 7.55 (d,
1H), 7.44-7.40 (m, 2H), 7.30 {m, SH), 7.08-7.00 (m, 2H)

50 8.93 (s, 1H), 8.86 (s, 1H), 8.26 (s, 1H), 7.12 (s, 1H), 7.06 (d, 1H), 7.93 (s, 1H),
7.90 (d, 1H), 7.80 (d, 1H), 7.60 (d, 1H), 7.55 (d, 1H), 7.4 (t, 1H), 7.40 (s, 2H),
7.30-7.24 (m, 8E), 7.08-7.00 (m, 2H), 1.73 (s, 6H)

51 8.93 (d, 2H), 8.12 (d, 3H), 7.93-7.82 (m, 4H), 7.55 (d, 1H), 7.40 (d, 1H),
7.30-7.23 (m, 7H), 7.08-7.00 (m, 6H), 7.62 (t, 2H), 6.52 (d, 2H), 6.46 (d, 4H)

52 8.93 (s, 1H), 8.12 (d, 2H), 7.93 (s, 1H), 7.86-7.74 (m, 4H), 7.55-7.00 (m, 17H)

53 8.93 (s, 1H), 8.31 (s, 2H), 8.12 (s, 1H), 7.91 (d, 2H), 7.61-7.55 (m, 2H),
7.40-7.37 (m, 5H), 7.30 (m, 5H), 7.08-7.00 (m, 2H), 6.83 (d, 2H), 3.73 (s, 3H)

54 8.93 (d, 3H), 8.12 (d, 2H), 7.93 (s, 1H), 7.8 (d, 2H), 7.82 (t, 1H), 7.55 (d, 1H),
7.40-7.37 (m, 3H), 7.30 (m, 5H), 7.08-7.00 (m, 2H), 6.83 (d, 2H), 3.73 (s, 3H)

55 8.90 (d, 2H), 8.81 (s, 1H), 7.55 (d, 1H), 8.10 (s, 2H), 7.97-7.90 (m, 3H), 7.55 (d,
3H), 7.44-7.40 (m, 4H), 7.30 (m, 5H), 7.08-7.00 (m, 6H)

56 8.93 (s, 2H), 8.12 (s, 2H), 7.93-7.80 (m, 3H), 7.55 (d, 2H), 7.40 (m, 3H),

7.30 (m, 7H), 7.08-7.00 (mm, 4H)

57 8.93 (d, 2H), 8.12 (s, 1H), 7.93 (s, 1H), 7.90-7.88 (m, 2H), 7.80 (d, 1), 7.55 (d,
2H), 7.40 (m, 3H), 7.3 (m, 12H), 7.08-7.00 (m, 4H)

58 9.10 (s, 1H), 8.93 (s, 1H), 8.26 (s, 1H), 8.12 (s, 1H), 7.93 (s, 1H), 7.77 (s, 1H),
7.55-7.22 (m, 26H), 7.08-7.00 (m, 4H)

59 8.99 (d, 1H), 8.93 (s, 1H), 8.34 (s, 1H), 8.12-8.10 (¢, 2H), 7.93 (s, 1H), 7.55 (d,
1H), 7.48-7.40 (m, 3H), 7.32-7.23 (m, 10H), 7.08-7.00 (m, 6H), 6.62 (t, 2H),
6.52-6.46 (6H)

60 8.99 (d, 1H), 8.93 (s, 1H), 8.81 (s, 1H), 8.55 (d, 1), 8.34 (s, 111), 8.12-8.10 (t,
2H), 7.97-7.93 (t, 2H), 7.80 (d, 1H), 7.78-7.74 (m, 2H), 7.55-7.53 (m, 2H),
7.44-7.30 (m, 10H), 7.08-7.00 (m, 2H)

61 9.15 (s, 1H), 8.93 (s, 1H), 8.81 (s, 1H), 8.55 (d, 1H), 8.18-8.12 (t, 2H),
8.04-7.93 (m, 3H), 7.71 (s, 1H), 7.55-7.40 (m, 7H), 7.30-7.00 (m, 9H)

62 8.93-8.89 (t, 2H), 8.81 (s, 1H1), 8.5 (d, 1H), 8.12 (s, 1H), 8.04-7.93 (m, 4H),
7.71 (s, 1H), 7.55-7.40 (m, 7H), 7.30 (m, SH), 7.19-7.00 (m, 4H)

63 8.93 (s, 1H), 8.68 (s, 1H), 8.12 (s, 1H), 7.93 (s, 1H), 7.55 (d, 1H), 7.40-7.37 (m,
3H), 7.32-7.30 (m, 6H), 7.08 (m, 7H), 6.83 (d, 2H), 6.62 (t, 2H), 6.46 (d, 4H),
3.73 (s, 3H)

64 8.90 (s, 1H), 8.81 (s, 1H), 7.55 (d, 1H), 8.10 (s, 1H), 7.97 (d, 1H), 7.90 (s, 1H),

(
7.55 (d, 1H), 7.44-7.40 (m, 2H), 7.30 (m, 5H), 7.08-7.00 (m, 2F)
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Example 1

[0189] A green phosphorescent top-emission device and a
red phosphorescent top-emission device were manufactured
as follows.

[0190] To manufacture an anode, a substrate with deposited
ITO/Ag/NTO layers (70/1000/70 A) was cut to a size of 50
mmx50 mmx0.5 mm and then ultrasonicated in isopropyl

alcohol and pure water each for five minutes, and then cleaned
by irradiation of ultraviolet rays for 30 minutes and exposure
to ozone. The resulting glass substrate was loaded into a
vacuum deposition device.

[0191] Then, 2-TNATA, which is a known HIL material,
was vacuum-deposited on the glass substrate to form a HIL
having a thickness of about 600 A. Then, 4,4'-bis[N-(1-naph-
thyl)-N-phenylamino]biphenyl (NPB), which is a known
hole transporting compound, was vacuum-deposited on the
HIL to form a HTL having a thickness of about 1000 A.
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-continued

Qe

PtOEP

BCP

[0192] Then, Compound 9 as a green phosphorescent host
and a widely known compound Irppy as a green phosphores-
cent dopant were co-deposited in a weight ratio 0f 91:9 on the
HTL to form an EML having a thickness of about 250 A.

[0193] Afterward, BCP as a hole blocking compound was
vacuum-deposited on the EML to form a HBL having a thick-
ness of about 50 A. Then, Alq, was deposited on the EML to
form an ETL having a thickness of 350 A, and then LiF, which
is a halogenated alkali metal, was deposited on the ETL to
form an EIL having a thickness of 10 A. Then, Mg and Ag
were vacuum-deposited in a weight ratio of 90:10 on the EIL
to form a cathode having a thickness of 120 A, thereby com-
pleting the manufacture of an organic light-emitting device.

Example 2

[0194] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
16, instead of Compound 9 used as green phosphorescent host
in Example 1, was used.

Example 3

[0195] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
21, instead of NPB used a material for the HTL in Example 1,
was used, and CBP as a green phosphorescent host was used.

Example 4

[0196] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
30, instead of NPB used a material for the HTL in Example 1,
was used, and CBP as a green phosphorescent host was used.

Example 5

[0197] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
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51, instead of NPB used as a material for the HTL in Example
1, was used, and CBP as a green phosphorescent host was
used.

Example 6

[0198] An organic light-emitting device was manufactured
as a red phosphorescent top-emission device as follows.

[0199] To manufacture an anode, a substrate with deposited
ITO/Ag/ATO layers (70/1000/70 A) was cut to a size of 50
mmx50 mmx0.5 mm and then ultrasonicated in isopropyl
alcohol and pure water each for five minutes, and then cleaned
by irradiation of ultraviolet rays for 30 minutes and exposure
to ozone. The resulting glass substrate was loaded into a
vacuum deposition device.

[0200] 2-TNATA, which is a known material, was vacuum-
deposited on the substrate to form a HIL having a thickness of
600 A, and NPB as a hole transporting compound was
vacuum-deposited on the HIL to form a HTL having a thick-

ness of 1350 A.
©\N

2-TNATA

NPB
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[0201] Then, Compound 45 as a red phosphorescent host
and a widely known compound PtOEP as a red phosphores-
cent dopant were co-deposited in a weight ratio 0f 91:9 on the
HTL to form an EML having a thickness of about 250 A.

[0202] Afterward, BCP as a hole blocking compound was
vacuum-deposited on the EML to form a HBL having a thick-
ness of about 50 A. Then, Alq, was deposited on the EML to
form an ETL having a thickness of 350 A, and then LiF, which
is a halogenated alkali metal, was deposited on the ETL to
form an EIL having a thickness of 10 A. Then, Mg and Ag
were vacuum-deposited in a weight ratio of 90:10 on the EIL.
to form a cathode having a thickness of 120 A, thereby com-
pleting the manufacture of the organic light-emitting device.

Example 7

[0203] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
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51, instead of NPB used as a material for the HTL in Example
1, was used, and Compound 16 as a green phosphorescent
host was used in forming the EML.

Comparative Example 1

[0204] An organic light-emitting device was manufactured
as a green phosphorescent top-emission device having the
following structure.

MgAg(120, 10%)
LiF(10 &)

Alg3(350 &)

BCP(50 A)

CBP, Irppy(250 A, 9%)
NPB(1000 A)
2TNATA(600 A)
ITO/Ag/ITO
(70/1000/70 A)

Comparative Example 2

[0205] An organic light-emitting device was manufactured
as an organic red phosphorescent top-emission device having
the following structure.

MgAg(120, 10%)
LiF(10 A)

Alg3(350 A)

BCP(50 A)

CBP, PtOEP(400 A, 6%)
NPB(1350 A)
2TNATA(600 A)
ITO/AG/ITO
(70/1000/70 A)

May 1, 2014

Comparative Example 3

[0206]
999
9
I/
NP | T
AN I/ S
_ ]
\/
[0207] An organic light-emitting device was manufactured

in the same manner as in Example 1, except that a compara-
tive Compound 999, instead of Compound 9 used as a green
phosphorescent host in forming the EML in Example 1, was
used.

Comparative Example 4

[0208] An organic light-emitting device was manufactured
in the same manner as in Example 6, except that a compara-
tive Compound 999, instead of Compound 45 used as a red
phosphorescent host in forming the EML in Example 1, was
used.

Comparative Example 5

[0209] An organic light-emitting device was manufactured
in the same manner as in Example 3, except that a compara-
tive Compound 999, instead of Compound 21 used in forming
the HTL in Example 3, was used.

[0210] The green phosphorescent devices manufactured
using the heterocyclic compounds represented by Formula 1
according to an embodiment were found to have lower driv-
ing voltages, improved life times, and remarkable improve-
ments in efficiency. The red phosphorescent devices includ-
ing the heterocyclic compounds of Formula 1 were found to
have lower driving voltages, improved efficiency, and
remarkable improvements in lifetime I-V-L characteristics of
each light-emitting device were evaluated.

[0211] The characteristics and lifetimes of the organic
light-emitting devices of Examples 1 to 7 and Comparative
Examples 1 to 5 are shown in Table 1 below.

TABLE 1
Driving  Current
EML or ETL voltage  density =~ Luminance Efficiency Emission Color LTy
material (mA/em?) (cd/m?) (cd/A)  Color coordinates  (hr)
Example 1 G 10 6,342 63.4  Green 0.25,0.71 73
phosphorescent
host 9
Example2 G 10 6,571 65.7  Green 0.26,0.72 75
phosphorescent
host 16
Example 3 HTL material 10 6,479 64.8  Green 0.25,0.70 74
21
Example4  HTL material 10 6,537 654  Green 0.24,0.72 78
30
Example 5  HTL material 10 6,610 66.1  Green 0.25,0.70 73

51



US 2014/0117326 Al

55

TABLE 1-continued

May 1, 2014

Driving  Current
EML or ETL voltage  demsity =~ Luminance Efficiency Emission Color LTy,
material (Vi (mA/em?) (cd/m?) (cd/A)  Color coordinates  (hr)
Example6 R 7.0 10 3,079 30.8 Red 0.66,0.31 127
phosphorescent
host 45
Example 7  HTL material 53 10 6,682 66.8 Green 0.24,0.71 79
51G
phosphorescent
host 16
Comparative CBP/Irppy 6.8 10 4,766 477 Green 0.25,0.70 61
Example 1
Comparative CBP/porphyrin 7.3 10 2,212 22.1 Red 0.67,0.32 89
Example 2
Comparative G 9.1 10 1,034 10.3 Green 0.24,0.67 20
Example3  phosphorescent
host 999
Comparative R 9.7 10 517 517 Red 0.66, 0.32 24
Example4  phosphorescent
host 999
Comparative HTL material 7.0 10 2,101 21.0 Green 0.23,0.70 17
Example5 999
[0212] As described above, according to the one or more enyl group, a substituted or unsubstituted C6-C60 aryl

embodiments, the novel heterocyclic compound represented
by Formula 1 above has improved charge transporting capa-
bility, and thus may be used as a hole transporting material
and an electron transporting material that are suitable for any
color fluorescent and phosphorescent devices, such as red,
green, blue, and white fluorescent and phosphorescent
devices. Therefore, organic light-emitting devices having low
driving voltages and high luminance may be manufactured
using the heterocyclic compounds of Formula 1 above. The
organic light-emitting devices may also have high efficiencies
and long lifetimes.
[0213] The embodiments provide a material having
improved electrical stability, high charge-transfer or emission
capability, and a high glass transition temperature that is high
enough to prevent crystallization.
[0214] While exemplary embodiments have been
described above, it will be understood by those of ordinary
skill in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. A heterocyclic compound represented by Formula 1
below:

<Formula 1>

wherein, in Formula 1,

R, to R, are each independently a hydrogen atom, a deu-
terium atom, a substituted or unsubstituted C1-C60
alkyl group, a substituted or unsubstituted C1-C60 alk-

group, a substituted or unsubstituted C6-C60 aryloxy
group, an amino group substituted with a C6-C60 aryl
group, a substituted or unsubstituted C3-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 con-
densed polycyclic group;

R and R, are linked to each other to form a firstring, or R
and R, are linked to each other to form a second ring; and

X is a substituted or unsubstituted C1-C60 alkyl group, a
substituted or unsubstituted C6-C60 aryl group, a sub-
stituted or unsubstituted C4-C60 heteroaryl group, or a
substituted or unsubstituted C6-C60 condensed polycy-
clic group.

2. The heterocyclic compound as claimed in claim 1,
wherein the heterocyclic compound is represented by For-
mula 2 below:

<Formula 2>

(Rso)n

N =
R, /

Rs

R¢

wherein, in Formula 2,

R, to R, R, and Ry, are each independently a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted
C1-C60 alkenyl group, a substituted or unsubstituted
C6-C60 aryl group, a substituted or unsubstituted
C6-C60 aryloxy group, an amino group substituted with
a C6-C60 aryl group. a substituted or unsubstituted
C3-C60 heteroaryl group, or a substituted or unsubsti-
tuted C6-C60 condensed polycyclic group;
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nis an integer from 1 to 4;

when n>1, a plurality of (Rs,), moieties are optionally
linked to each other to form a ring; and

X is a substituted or unsubstituted C1-C60 alkyl group, a
substituted or unsubstituted C6-C60 aryl group, a sub-
stituted or unsubstituted C4-C60 heteroaryl group, or a
substituted or unsubstituted C6-C60 condensed polycy-
clic group.

3. The heterocyclic compound as claimed in claim 2,
wherein R, in Formula 2 is a group represented by one of
Formulae 2a to 2d below:

Ja

2b

2d

wherein, in Formulae 2a to 2d,

Q, is a linker represented by —C(R,;)(R;,)—, —O—,
—S— or —NR;,)—

Z,, Ry, Ry, and R, are each independently a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C1-C20 alkyl group, a substituted or unsubstituted
C6-C20 aryl group, a substituted or unsubstituted
C3-C20 heteroaryl group, an amino group substituted
with a C6-C20 aryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, a halogen group, a
cyano group, a nitro group, a hydroxy group, or a car-
boxy group;

p is an integer from 1 to 7; and
* indicates a binding site of R, in Formula 2.

4. The heterocyclic compound as claimed in claim 2,
wherein X in Formula 2 is a group represented by one of
Formulae 3a to 3¢ below:

3a
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-continued
Z, Y, 7 *
A
TY
Vzw/w
3c

N NN —\<Z>
1 Up

Il
NN~

wherein, in Formulae 3a to 3c,

Z, and Z, are each independently a hydrogen atom, a deu-
terium atom, a substituted or unsubstituted C1-C20
alkyl group, a substituted or unsubstituted C6-C20 aryl
group, a substituted or unsubstituted C3-C20 heteroaryl
group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen group, a cyano group, a
nitro group, a hydroxyl group, or a carboxy group;

Y, toY, are each independently C or N;

p is an integer from 1 to 5; and

* indicates a binding site of X in Formula 2.

5. The heterocyclic compound as claimed in claim 1,

wherein the heterocyclic compound is represented by For-
mula 3 below:

<Formula 3>

wherein, in Formula 3,

R, to Rs, Rg to R}, and R, are each independently a
hydrogen atom, a deuterium atom, a substituted or
unsubstituted C1-C60 alkyl group, a substituted or
unsubstituted C1-C60 alkenyl group, a substituted or
unsubstituted C6-C60 aryl group, a substituted or
unsubstituted C6-C60 aryloxy group, an amino group
substituted with a C6-C60 aryl group, a substituted or
unsubstituted C3-C60 heteroaryl group, or a substituted
or unsubstituted C6-C60 condensed polycyclic group;

m is an integer from 1 to 4;

when m>1, a plurality of (R),,, moieties are optionally
linked together to form a ring; and

X is a substituted or unsubstituted C1-C60 alkyl group, a
substituted or unsubstituted C6-C60 aryl group, a sub-
stituted or unsubstituted C4-C60 heteroaryl group, or a
substituted or unsubstituted C6-C60 condensed polycy-
clic group.

6. The heterocyclic compound as claimed in claim 5,

wherein Rg in Formula 3 is a group represented by one of
Formulae 2a to 2d below:
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¢
Z
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wherein, in Formulae 2a to 2d,

Q, is a linker represented by —C(R;)(R;,)—, —O—,
—S8—, or —N(R;,)—;

7., Ryo, Ry, and R, are each independently a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C1-C20 alkyl group, a substituted or unsubstituted
C6-C20 aryl group, a substituted or unsubstituted
C3-C20 heteroaryl group, an amino group substituted
with a C6-C20 aryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, a halogen group, a
cyano group, a nitro group, a hydroxy group, or a car-
boxy group;

p is an integer from 1 to 7; and

* indicates a binding site of R, in Formula 3.

7. The heterocyclic compound as claimed in claim 5,

wherein X in Formula 3 is a group represented by one of
Formulae 3a to 3c:

3a
1)y
(§/\
T
A
3b
ZZ Yl Zl
\f Y
YZ {Y3
3c

wherein, in Formulae 3a to 3c,

7, and 7, are each independently a hydrogen atom, a deu-
terium atom, a substituted or unsubstituted C1-C20
alkyl group, a substituted or unsubstituted C6-C20 aryl
group, a substituted or unsubstituted C3-C20 heteroaryl

57
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group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen group, a cyano group, a
nitro group, a hydroxyl group, or a carboxy group;

Y, to Y, are each independently C or N;
p is an integer from 1 to 5; and
* indicates a binding site of X in Formula 3.

8. The heterocyclic compound as claimed in claim 1,
wherein the compound of Formula 1 is one of the compounds
below:

9tagy
O
NAF
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9. An organic light-emitting device, comprising:

a first electrode;

a second electrode; and

an organic layer between the first electrode and the second

electrode, wherein the organic layer includes the hetero-
cyclic compound as claimed in claim 1.

10. The organic light-emitting device as claimedinclaim 9,
wherein the organic layer includes an emission layer, and the
heterocyclic compound is included as a host or a dopant for a
fluorescent or phosphorescent device.

11. The organic light-emitting device as claimedinclaim 9,
wherein the organic layer is a hole injection layer, a hole
transport layer, or a functional layer having both hole injec-

N
N
tion and hole transport capabilities.
12. The organic light-emitting device as claimedinclaim 9,
wherein the organic light-emitting device includes:

an emission layer,
an electron injection layer, an electron transport layer, or a
0 functional layer having both electron injection and

transport capabilities, and

aholeinjection layer, a hole transport layer, or a functional
layer having both hole injection and transport capabili-
ties,

wherein the emission layer includes the heterocyclic com-
pound; and

wherein the emission layer further includes an anthracene-
based compound, an arylamine-based compound, or a

45 styryl-based compound.
13. The organic light-emitting device as claimedinclaim 9,
wherein the organic light-emitting device includes:

an emission layer,
an electron injection layer, an electron transport layer, or a

functional layer having both electron injection and

B N N transport capabilities, and
AN aholeinjection layer, a hole transport layer, or a functional
O OQ Q \( O layer having both hole injection and transport capabili-
N A ties;
at least one of the hole injection layer, the hole transport
‘ layer, and the functional layer having both hole injection

and hole transport capabilities includes the heterocyclic
compound; and
the emission layerincludes at least one of a red, green, blue,
or white emission layer, one of which includes a phos-
phorescent compound.
14. The organic light-emitting device as claimed in claim
13, wherein the at least one of the hole injection layer, the hole
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transport layer, and the functional layer having both hole
injection and hole transport capabilities further includes a
charge-generating material.

15. The organic light-emitting device as claimed in claim
14, wherein the charge-generating material is a p-dopant.

16. The organic light-emitting device as claimed in claim
15, wherein the p-dopant is a quinine derivative, a metal
oxide, or a cyano group-containing compound.

17. The organic light-emitting device as claimed inclaim 9,
wherein the organic layerincludes an electron transport layer,
and the electron transport layer includes a metal complex.

18. The organic light-emitting device as claimed in claim
17, wherein the metal complex is a Li complex.

19. The organic light-emitting device as claimed in claim 9,
wherein the organic layer is formed from the heterocyclic
compound using a wet process.

20. A flat panel display device comprising the organic
light-emitting device as claimed in claim 9, wherein the first
electrode of the organic light-emitting device is electrically
connected to a source electrode or a drain electrode of a
thin-film transistor.
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