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(57) Abstract: The present invention relates to an organic electroluminescent device comprising at least one light-emitting layer
between an anode and a cathode, wherein the light-emitting layer comprises a host and a phosphorescent dopant; the host consists of
multi-component host compounds; at least a first host compound of the multi-component host compounds is a specific bicarbazole
derivative containing an aryl group, and a second host compound is a specific carbazole derivative including a nitrogen-containing
heteroaryl group. According to the present invention, the organic electroluminescent device using the multi-component host com -
pounds has a high efficiency and long lifespan compared with the conventional device using one component host compound.
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Description

Title of Invention: MULTI-COMPONENT HOST MATERIAL

AND ORGANIC ELECTROLUMINESCENT DEVICE

COMPRISING THE SAME
Technical Field

The present invention relates to a multi-component host material and an organic elec-

troluminescent device comprising the same.

Background Art

An electroluminescent (EL) device is a self-light-emitting device with the advantage
of providing a wider viewing angle, a greater contrast ratio, and a faster response time.
An organic EL device was first developed by Eastman Kodak, by using small aromatic
diamine molecules and aluminum complexes as materials for forming a light-emitting
layer (see Appl. Phys. Lett. 51, 913, 1987).

The organic EL device changes electric energy into light by the injection of a charge
into an organic light-emitting material and commonly comprises an anode, a cathode,
and an organic layer formed between the two electrodes. The organic layer of the
organic EL. device may be composed of a hole injection layer (HIL), a hole transport
layer (HTL), an electron blocking layer (EBL), a light-emitting layer (EML)
(containing host and dopant materials), an electron buffer layer, a hole blocking layer
(HBL), an electron transport layer (ETL), an electron injection layer (EIL), etc.; the
materials used in the organic layer can be classified into a hole injection material, a
hole transport material, an electron blocking material, a light-emitting material, an
electron buffer material, a hole blocking material, an electron transport material, an
electron injection material, etc., depending on functions. In the organic EL device,
holes from an anode and electrons from a cathode are injected into a light-emitting
layer by the injection of a charge, and an exciton having high energy is produced by
the recombination of holes and electrons. The organic light-emitting compound moves
into an excited state by the energy and emits light which changes from energy when
the organic light-emitting compound returns to the ground state from the excited state.

The most important factor determining luminescent efficiency in an organic EL
device is the light-emitting material. The light-emitting material is required to have the
following features: high quantum efficiency, high movement degree of an electron and
a hole, formability of a uniform layer, and stability. The light-emitting material is
classified into blue light-emitting materials, green light-emitting materials, and red
light-emitting materials according to the light-emitting color, and further includes

yellow light-emitting materials or orange light-emitting materials. Furthermore, the
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light-emitting material is classified into a host material and a dopant material in the
functional aspect. Recently, an urgent task is the development of an organic EL device
having high efficacy and long operating lifespan. In particular, the development of
highly excellent light-emitting material over conventional light-emitting materials is
urgent considering EL properties required in medium- and large-sized OLED panels.
For this, preferably, as a solvent in a solid state and energy transmitter, a host material
should have high purity and suitable molecular weight in order to be deposited under
vacuum. Furthermore, a host material is required to have high glass transition tem-
perature and pyrolysis temperature to guarantee thermal stability, high electrochemical
stability to provide long lifespan, easy formability of an amorphous thin film, good

adhesion with adjacent layers, and no movement between layers.
A mixed system of a dopant/host material can be used as a light-emitting material to

improve color purity, luminescent efficiency, and stability. Generally, the device
having the most excellent EL properties comprises the light-emitting layer, wherein a
dopant is doped onto a host. If the dopant/host material system is used, the selection of
the host material is important since the host material greatly influences on efficiency
and performance of a light-emitting device.

WO 2013/168688 Al, Japanese Patent No. 3139321, Korean Patent No. 10-1170666,
Korean Patent Application Laying-open No. 10-2012-0013173, and WO 2013/112557
Al disclose organic EL devices comprising a dopant/host material system. The above
literature use one host component having a carbazole-carbazole skeleton or exclude a
host having a cabazole skeleton from second and third hosts.

The present inventors have found that an organic EL device using a multi-component
host compounds having a specific bicarbazole derivative which contains an aryl group
and a specific carbazole derivative which includes a nitrogen-containing heteroaryl
group has high efficiency and long lifespan, compared with using one component host
compound in a light-emitting layer.

Disclosure of Invention

Technical Problem
The object of the present invention is to provide an organic EL device having high

efficiency and long lifespan.

Solution to Problem

The above objective can be achieved by an organic electroluminescent device
comprising at least one light-emitting layer between an anode and a cathode, wherein
the light-emitting layer comprises a host and a phosphorescent dopant; the host
consists of multi-component host compounds; at least a first host compound of the

multi-component host compounds is represented by the following formula 1 which is a
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specific bicarbazole derivative containing an aryl group, and a second host compound
is represented by the following formula 2 which is a specific carbazole derivative

including a nitrogen-containing heteroaryl group:

A,
X4 'L Xg
X 7 \)(7\Xﬁ X Xis (1)
XX X e X10/Q_Q\X1S
N
Xo ‘ Xig
Az
xe. F4X& x
@)
N
Xa Xh
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Ma
wherein

A, and A, each independently represent a substituted or unsubstituted (C6-C30)aryl
group;

X to X6 each independently represent hydrogen, deuterium, a halogen, a cyano
group, a substituted or unsubstituted (C1-C30)alkyl group, a substituted or unsub-
stituted (C2-C30)alkenyl group, a substituted or unsubstituted (C2-C30)alkynyl group,
a substituted or unsubstituted (C3-C30)cycloalkyl group, a substituted or unsubstituted
(C6-C60)aryl group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a substituted or un-
substituted tri(C6-C30)arylsilyl group, a substituted or unsubstituted
di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or unsubstituted mono- or di-
(C6-C30)arylamino group; or are linked between adjacent substituents to form a sub-
stituted or unsubstituted mono- or polycyclic, (C3-C30) alicyclic or aromatic ring
whose carbon atom(s) may be replaced with at least one hetero atom selected from
nitrogen, oxygen and sulfur;

Ma represents a substituted or unsubstituted nitrogen-containing 5- to 30-membered
heteroaryl group;

La represents a single bond, or a substituted or unsubstituted (C6-C30)arylene group;

Xa to Xh each independently represent hydrogen, deuterium, a halogen, a cyano
group, a substituted or unsubstituted (C1-C30)alkyl group, a substituted or unsub-
stituted (C2-C30)alkenyl group, a substituted or unsubstituted (C2-C30)alkynyl group,
a substituted or unsubstituted (C3-C30)cycloalkyl group, a substituted or unsubstituted
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(C6-C60)aryl group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a substituted or un-
substituted tri(C6-C30)arylsilyl group, a substituted or unsubstituted
di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or unsubstituted mono- or di-
(C6-C30)arylamino group; or are linked between adjacent substituents to form a sub-
stituted or unsubstituted mono- or polycyclic, (C3-C30) alicyclic or aromatic ring
whose carbon atom(s) ring may be replaced with at least one hetero atom selected from

nitrogen, oxygen and sulfur;
the fused aromatic or heteroaromatic ring is selected from the group consisting of

benzene, indole, indene, benzofuran and benzothiophene, which may be further sub-
stituted with a (C1-C10)alkyl group or a (C6-C15)aryl group; and

the heteroaryl group contains at least one hetero atom selected from B, N, O, S,
P(=0), Si and P.
Advantageous Effects of Invention

According to the present invention, the organic EL device having high efficiency and
long lifespan is provided and the production of a display device or a lighting device is
possible by using the organic EL device.
Mode for the Invention

Hereinafter, the present invention will be described in detail. However, the following
description is intended to explain the invention, and is not meant in any way to restrict
the scope of the invention.

The compound of formula 1 is represented by the following formula 3, 4, 5, or 6:

(3)

(4)
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wherein

A, A, and X, to X ¢ are as defined in formula 1.

In formula 1, A, and A, each independently represent a substituted or unsubstituted
(C6-C30)aryl group; preferably, a substituted or unsubstituted (C6-C18)aryl group;
more preferably, a (C6-C18)aryl group which is unsubstituted or substituted with a
(C1-C6)alkyl group, a (C6-C12)aryl group, or a tri(C6-C12)arylsilyl group ; and even
more preferably, phenyl, biphenyl, terphenyl, naphthyl, fluorenyl, phenanthrenyl, an-
thracenyl, indenyl, triphenylenyl, pyrenyl, tetracenyl, perylenyl, chrysenyl, naph-
thacenyl, or fluoranthenyl.

In formula 1, X to X, each independently represent hydrogen, deuterium, a halogen,
a cyano group, a substituted or unsubstituted (C1-C30)alkyl group, a substituted or un-
substituted (C2-C30)alkenyl group, a substituted or unsubstituted (C2-C30)alkynyl
group, a substituted or unsubstituted (C3-C30)cycloalkyl group, a substituted or unsub-
stituted (C6-C60)aryl group, a substituted or unsubstituted 3- to 30-membered
heteroaryl group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a sub-
stituted or unsubstituted tri(C6-C30)arylsilyl group, a substituted or unsubstituted
di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or unsubstituted mono- or di-
(C6-C30)arylamino group; or are linked between adjacent substituents to form a sub-
stituted or unsubstituted mono- or polycyclic, (C3-C30) alicyclic or aromatic ring
whose carbon atom(s) ring may be replaced with at least one hetero atom selected from
nitrogen, oxygen and sulfur; preferably, hydrogen, a substituted or unsubstituted
(C6-C20)aryl group, a substituted or unsubstituted tri(C6-C12)arylsilyl group, or a sub-
stituted or unsubstituted 3- to 15-membered heteroaryl group; and more preferably,
hydrogen, a substituted or unsubstituted (C6-C18)aryl group, an unsubstituted triph-
enylsilyl group, a substituted or unsubstituted dibenzothiophene group, or a substituted
or unsubstituted dibenzofuran group.

The compound of formula 2 is represented by the following formula 7, 8, or 9:
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)

wherein

V and W each independently represent a single bond, NR;s, CR4sR7, S, or O,
provided that both V and W neither represent a single bond nor represent NRs;

A, represents a substituted or unsubstituted (C6-C30)aryl group and may be bonded
to Xn or Xo;

L; and L, each independently represent a single bond, or a substituted or unsub-
stituted (C6-C60)arylene group;

Xi represents hydrogen, deuterium, a halogen, a cyano group, a substituted or unsub-
stituted (C1-C30)alkyl group, a substituted or unsubstituted (C2-C30)alkenyl group, a
substituted or unsubstituted (C2-C30)alkynyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted (C6-C60)aryl group, a sub-
stituted or unsubstituted 3- to 30-membered heteroaryl group, a substituted or unsub-
stituted tri(C1-C30)alkylsilyl group, a substituted or unsubstituted tri(C6-C30)arylsilyl
group, a substituted or unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl group, or a
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substituted or unsubstituted mono- or di-(C6-C30)arylamino group; or are linked
between adjacent substituents to form a substituted or unsubstituted mono- or
polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon atom(s) ring may be
replaced with at least one hetero atom selected from nitrogen, oxygen and sulfur;

Xj to Xz each independently represent hydrogen, deuterium, a halogen, a cyano
group, a carboxyl group, a nitro group, a hydroxyl group, a substituted or unsubstituted
(C1-C30)alkyl group, a substituted or unsubstituted (C3-C30)cycloalkyl group, a sub-
stituted or unsubstituted (C3-C30)cycloalkenyl group, a substituted or unsubstituted 3-
to 7-membered heterocycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
group, a substituted or unsubstituted 3- to 30-membered heteroaryl group, -NRsRg, or -
SiR;RgRy; or are linked between adjacent substituents to form a substituted or unsub-
stituted mono- or polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon
atom(s) ring may be replaced with at least one hetero atom selected from nitrogen,
oxygen and sulfur;

Ma, La, Xa, Xb, and Xe to Xh are as defined in formula 2;

Rs to Ry each independently represent hydrogen, deuterium, a halogen, a cyano
group, a carboxyl group, a nitro group, a hydroxyl group, a substituted or unsubstituted
(C1-C30)alkyl group, a substituted or unsubstituted (C3-C30)cycloalkyl group, a sub-
stituted or unsubstituted (C3-C30)cycloalkenyl group, a substituted or unsubstituted 3-
to 7-membered heterocycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
group, or a substituted or unsubstituted 3- to 30-membered heteroaryl group; or are
linked between adjacent substituents to form a substituted or unsubstituted mono- or
polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon atom(s) ring may be
replaced with at least one hetero atom selected from nitrogen, oxygen and sulfur;
preferably, hydrogen, or a substituted or unsubstituted (C6-C25)aryl group; more
preferably, hydrogen or an unsubstituted (C6-C18)aryl group; and specifically,
hydrogen, an unsubstituted phenyl group, a biphenyl group, or a fluorenyl group;

Rs and Ry; each independently represent hydrogen, deuterium, a halogen, a cyano
group, a carboxyl group, a nitro group, a hydroxyl group, a substituted or unsubstituted
(C1-C30)alkyl group, a substituted or unsubstituted (C3-C30)cycloalkyl group, a sub-
stituted or unsubstituted (C3-C30)cycloalkenyl group, a substituted or unsubstituted 3-
to 7-membered heterocycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
group, or a substituted or unsubstituted 3- to 30-membered heteroaryl group; and

R,s represents hydrogen, deuterium, a halogen, a cyano group, a carboxyl group, a
nitro group, a hydroxyl group, a substituted or unsubstituted (C1-C30)alkyl group, a
substituted or unsubstituted (C3-C30)cycloalkyl group, a substituted or unsubstituted
(C3-C30)cycloalkenyl group, a substituted or unsubstituted 3- to 7-membered hetero-
cycloalkyl group, a substituted or unsubstituted (C6-C60)aryl group, or a substituted or
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unsubstituted 3- to 30-membered heteroaryl group; preferably, a substituted or unsub-
stituted (C6-C30)aryl group; and more preferably, a substituted or unsubstituted phenyl
group, an unsubstituted biphenyl group, an unsubstituted naphthyl group, or a sub-
stituted fluorenyl group.

In formula 2, La represents a single bond, or a substituted or unsubstituted
(C6-C30)arylene group; preferably, a single bond, or a substituted or unsubstituted
(C6-C12)arylene group; and more preferably, a single bond, a (C6-C12)arylene group
which is unsubstituted or substituted with a tri(C6-C10)arylsilyl group or a
(C6-C12)aryl group.

Furthermore, La represents a single bond, or is represented by one selected from the

following formulas 10 to 19:

Xl Xk Xl
I e o
xi© X Xi Xk
Xj
M,-\ ' NN Xn
ot CHEES &6 olNC
X Xk S mXI
NN Xn
f Xn  Xm « X Xm
14 (15)
LIS Sy
X Xk = Xk

Xp Xo Xn Xm
gg i) S I ) )
x' X xkK X b

Xp Xo

Xp Xo f Xn
5’““ w X (19)
i X XK

Xm
X i XI
| Ve
XK X
wherein
Xi to Xp each independently represent hydrogen, deuterium, a halogen, a cyano

group, a substituted or unsubstituted (C1-C30)alkyl group, a substituted or unsub-
stituted (C2-C30)alkenyl group, a substituted or unsubstituted (C2-C30)alkynyl group,
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a substituted or unsubstituted (C3-C30)cycloalkyl group, a substituted or unsubstituted
(C6-C60)aryl group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a substituted or un-
substituted tri(C6-C30)arylsilyl group, a substituted or unsubstituted
di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or unsubstituted mono- or di-
(C6-C30)arylamino group; or are linked between adjacent substituents to form a sub-
stituted or unsubstituted mono- or polycyclic, (C3-C30) alicyclic or aromatic ring
whose carbon atom(s) ring may be replaced with at least one hetero atom selected from
nitrogen, oxygen and sulfur; preferably, hydrogen, a cyano group, a substituted or un-
substituted (C6-C15)aryl group, a substituted or unsubstituted 10- to 20-membered
heteroaryl group, or a substituted or unsubstituted tri(C6-C10)arylsilyl group; more
preferably, hydrogen, a cyano group, a (C6-C15)aryl group which is unsubstituted or
substituted with a tri(C6-C10)arylsilyl group, or a 10- to 20-membered heteroaryl
group which is unsubstituted or substituted with a (C6-C15)aryl group.

In formula 2, Ma represents a substituted or unsubstituted nitrogen-containing 5- to
11-membered heteroaryl group; preferably, a substituted or unsubstituted nitrogen-
containing 6- to 10-membered heteroaryl group; and more preferably, a nitrogen-
containing 6- to 10-membered heteroaryl group which is substituted with a sub-
stituents(s) selected from the group consisting of an unsubstituted (C6-C18)aryl group,
a (C6-C12)aryl group substituted with a cyano group, a (C6-C12)aryl group substituted
with a (C1-C6)alkyl group, a (C6-C12)aryl group substituted with a
tri(C6-C12)arylsilyl group, and a 6- to 15-membered heteroaryl group.

Furthermore, Ma represents a monocyclic-based heteroaryl group selected from the
group consisting of pyrrolyl, imidazolyl, pyrazolyl, triazinyl, tetrazinyl, triazolyl,
tetrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, etc., or a fused ring-based
heteroaryl group selected from the group consisting of benzoimidazolyl, isoindolyl,
indolyl, indazolyl, benzothiadiazolyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl,
naphthyridinyl, quinoxalinyl, carbazolyl, phenanthridinyl, etc.; preferably, triazinyl,
pyrimidinyl, pyridyl, quinolyl, isoquinolyl, quinazolinyl, naphthyridinyl, or
quinoxalinyl.

Herein, “(C1-C30)alkyl(ene)” is meant to be a linear or branched alkyl(ene) having 1
to 30 carbon atoms, in which the number of carbon atoms is preferably 1 to 20, more
preferably 1 to 10, and includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, etc. “(C2-C30)alkenyl” is meant to be a linear or branched alkenyl having 2
to 30 carbon atoms, in which the number of carbon atoms is preferably 2 to 20, more
preferably 2 to 10, and includes vinyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl,
3-butenyl, 2-methylbut-2-enyl, etc. “(C2-C30)alkynyl” is a linear or branched alkynyl

having 2 to 30 carbon atoms, in which the number of carbon atoms is preferably 2 to
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20, more preferably 2 to 10, and includes ethynyl, 1-propynyl, 2-propynyl, 1-butynyl,
2-butynyl, 3-butynyl, 1-methylpent-2-ynyl, etc. “(C3-C30)cycloalkyl” is a mono- or
polycyclic hydrocarbon having 3 to 30 carbon atoms, in which the number of carbon
atoms is preferably 3 to 20, more preferably 3 to 7, and includes cyclopropyl, cy-
clobutyl, cyclopentyl, cyclohexyl, etc. “3- to 7-membered heterocycloalkyl” is a cy-
cloalkyl having at least one heteroatom selected from the group consisting of B, N, O,
S, P(=0), Si and P, preferably O, S and N, and 3 to 7, preferably 5 to 7 ring backbone
atoms, and includes tetrahydrofuran, pyrrolidine, thiolan, tetrahydropyran, etc.
“(C6-C30)aryl(ene)” is a monocyclic or fused ring derived from an aromatic hy-
drocarbon having 6 to 30 carbon atoms, in which the number of carbon atoms is
preferably 6 to 20, more preferably 6 to 15, and includes phenyl, biphenyl, terphenyl,
naphthyl, fluorenyl, phenanthrenyl, anthracenyl, indenyl, triphenylenyl, pyrenyl,
tetracenyl, perylenyl, chrysenyl, naphthacenyl, fluoranthenyl, etc. “3- to 30-membered
heteroaryl(ene)” is an aryl group having at least one, preferably 1 to 4 heteroatom
selected from the group consisting of B, N, O, S, P(=0), Si and P, and 3 to 30 ring
backbone atoms; is a monocyclic ring, or a fused ring condensed with at least one
benzene ring; has preferably 3 to 20, more preferably 3 to 15 ring backbone atoms;
may be partially saturated; may be one formed by linking at least one heteroaryl or aryl
group to a heteroaryl group via a single bond(s); and includes a monocyclic ring-type
heteroaryl including furyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, thia-
diazolyl, isothiazolyl, isoxazolyl, oxazolyl, oxadiazolyl, triazinyl, tetrazinyl, triazolyl,
tetrazolyl, furazanyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, etc., and a fused
ring-type heteroaryl including benzofuranyl, benzothiophenyl, isobenzofuranyl, diben-
zofuranyl, dibenzothiophenyl, benzoimidazolyl, benzothiazolyl, benzoisothiazolyl,
benzoisoxazolyl, benzoxazolyl, isoindolyl, indolyl, indazolyl, benzothiadiazolyl,
quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl, carbazolyl, phenoxazinyl,
phenanthridinyl, benzodioxolyl, etc. “Nitrogen-containing 5- to 30-membered
heteroaryl(ene) group” is an aryl(ene) group having at least one heteroatom N and 5 to
30 ring backbone atoms. 5 to 20 ring backbone atoms and 1 to 4 heteroatom are
preferable, and 5 to 15 ring backbone atoms are more preferable. It is a monocyclic
ring, or a fused ring condensed with at least one benzene ring; may be partially
saturated; may be one formed by linking at least one heteroaryl or aryl group to a
heteroaryl group via a single bond(s); and includes a monocyclic ring-type heteroaryl
including pyrrolyl, imidazolyl, pyrazolyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl,
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, etc., and a fused ring-type heteroaryl
including benzoimidazolyl, isoindolyl, indolyl, indazolyl, benzothiadiazolyl, quinolyl,
isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl, carbazolyl, phenanthridinyl, etc.
“Halogen” includes F, Cl, Br and L.
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Herein, “substituted” in the expression “substituted or unsubstituted” means that a
hydrogen atom in a certain functional group is replaced with another atom or group,
i.e., a substituent. Substituents of the substituted alkyl(ene) group, the substituted
alkenyl group, the substituted alkynyl group, the substituted cycloalkyl group, the sub-
stituted aryl(ene) group, the substituted heteroaryl(ene) group, the substituted tri-
alkylsilyl group, the substituted triarylsilyl group, the substituted dialkylarylsilyl
group, the substituted mono- or di-arylamino group, or the substituted mono- or
polycyclic, (C3-C30) alicyclic or aromatic ring are each independently at least one
selected from the group consisting of deuterium; a halogen; a cyano group; a carboxyl
group; a nitro group; a hydroxyl group; a (C1-C30)alkyl group; a halo(C1-C30)alkyl
group; a (C2-C30)alkenyl group; a (C2-C30)alkynyl group; a (C1-C30)alkoxy group; a
(C1-C30)alkylthio group; a (C3-C30)cycloalkyl group; a (C3-C30)cycloalkenyl group;
a 3- to 7-membered heterocycloalkyl group; a (C6-C30)aryloxy group; a
(C6-C30)arylthio group; a 3- to 30-membered heteroaryl group which is unsubstituted
or substituted with a (C6-C30)aryl group; a (C6-C30)aryl group which is unsubstituted
or substituted with a cyano group, a 3- to 30-membered heteroaryl group, or a
tri(C6-C30)arylsilyl group; a tri(C1-C30)alkylsilyl group; a tri(C6-C30)arylsilyl group;
a di(C1-C30)alkyl(C6-C30)arylsilyl group; a (C1-C30)alkyldi(C6-C30)arylsilyl group;
an amino group; a mono- or di(C1-C30)alkylamino group; a mono- or
di(C6-C30)arylamino group; a (C1-C30)alkyl(C6-C30)arylamino group; a
(C1-C30)alkylcarbonyl group; a (C1-C30)alkoxycarbonyl group; a
(C6-C30)arylcarbonyl group; a di(C6-C30)arylboronyl group; a
di(C1-C30)alkylboronyl group; a (C1-C30)alkyl(C6-C30)arylboronyl group; a
(C6-C30)aryl(C1-C30)alkyl group; and a (C1-C30)alkyl(C6-C30)aryl group.
Preferably, the substituents are each independently at least one selected from the group
consisting of a (C1-C6)alkyl group; a 5- to 15-membered heteroaryl group; a
(C6-C18)aryl group which is unsubstituted or substituted with a cyano group or a
tri(C6-C12)arylsilyl group; a tri(C6-C12)arylsilyl group; and a
(C1-C6)alkyl(C6-C12)aryl group.

The compound of formula 1 as a first host compound may be selected from the group

consisting of following compounds, but is not limited thereto:
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[189] The organic EL device according to the present invention may comprise an anode, a

cathode, and at least one organic layer between the two electrodes, wherein the organic
layer comprises a light-emitting layer, the light-emitting layer comprises a host and a
phosphorescent dopant; the host consists of multi-component host compounds; at least
a first host compound of the multi-component host compounds is represented by

formula 1 which is a specific bicarbazole derivative containing an aryl group, and a
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second host compound is represented by formula 2 which is a specific carbazole
derivative including a nitrogen-containing heteroaryl group.

[190] The light-emitting layer means a layer emitting light and may be a single layer or
multi-layers consisting of two or more layers. The doping concentration of dopant
compounds to host compounds in the light-emitting layer is preferably less than 20
wit%.

[191] The dopants included in the organic EL device of the present invention are preferably
one or more phosphorescent dopants. The phosphorescent dopant material applied to
the organic electroluminescent device of the present invention is not specifically
limited, but preferably may be selected from complex compounds of iridium (Ir),
osmium (Os), copper (Cu), and platinum (Pt), more preferably ortho metallated
complex compounds of iridium (Ir), osmium (Os), copper (Cu), and platinum (Pt), and
even more preferably ortho metallated iridium complex compounds.

[192] The phosphorescent dopants may be selected from the group consisting of the

compounds represented by the following formulae 101 to 103:

[193] Rios
—  Rios R10z27]
R1os R1o1
(R1oo)|r_'!{~\j

Rioe

— Ryor

Rioa (101)
[194] ~ Ria

R11a R1127]

Ry15 R111

S

(Ryo0)s—¢—

>|r'|-3-e

Ri1g (102)
[195]

(103)

[196] wherein

[197] L is selected from the following structures:
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R,¢ represents hydrogen, or a substituted or unsubstituted (C1-C30)alkyl group; Ry,
to Ryge and Ry to Ry,; each independently represent hydrogen, deuterium, a halogen; a
(C1-C30)alkyl group unsubstituted or substituted with halogen(s); a cyano group, a
substituted or unsubstituted (C1-C30)alkoxy group, a substituted or unsubstituted
(C6-C30)aryl group, or a substituted or unsubstituted (C3-C30)cycloalkyl group; Ry
to Ryy; are linked to an adjacent substituent(s) to form a substituted or unsubstituted
mono- or polycyclic, (C3-C30) alicyclic or aromatic ring, for example, quinoline; R4
to Ryy;each independently represent hydrogen, deuterium, a halogen, a substituted or
unsubstituted (C1-C30)alkyl group, or a substituted or unsubstituted (C6-C30)aryl
group; when Ry, to Ry are aryl groups, they are linked to an adjacent substituent(s) to
form a substituted or unsubstituted mono- or polycyclic, (C3-C30) alicyclic or
aromatic ring, or a heteroaromatic ring, for example, fluorene, dibenzothiophene, or
dibenzofuran; Ry, to R,;; each independently represent hydrogen, deuterium, a
halogen, a (C1-C30)alkyl group unsubstituted or substituted with halogen(s), or a sub-
stituted or unsubstituted (C6-C30)aryl group; R, to R,;; may be linked to an adjacent
substituent(s) to form a substituted or unsubstituted mono- or polycyclic, (C3-C30)
alicyclic or aromatic ring, or a heteroaromatic ring, for example, fluorene, diben-
zothiophene, or dibenzofuran; r and s each independently represent an integer of 1 to 3;
where r or s is an integer of 2 or more, each of Ry may be the same or different; and e

represents an integer of 1 to 3.

The phosphorescent dopant material includes the following:
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The organic EL device of the present invention may further include at least one
compound selected from the group consisting of arylamine-based compounds and
styrylarylamine-based compounds in the organic layer.
In the organic EL device of the present invention, the organic layer may further
comprise at least one metal selected from the group consisting of metals of Group 1,

metals of Group 2, transition metals of the 4™ period, transition metals of the 5™ period,
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lanthanides, and organic metals of d-transition elements of the Periodic Table, or at
least one complex compound comprising the metal.

Preferably, in the organic electroluminescent device of the present invention, at least
one layer (hereinafter, "a surface layer”) selected from a chalcogenide layer, a metal
halide layer and a metal oxide layer may be placed on an inner surface(s) of one or
both electrode(s). Specifically, it is preferred that a chalcogenide (including oxides)
layer of silicon or aluminum is placed on an anode surface of a light-emitting medium
layer, and a metal halide layer or metal oxide layer is placed on a cathode surface of an
electroluminescent medium layer. The surface layer provides operating stability for the
organic electroluminescent device. Preferably, the chalcogenide includes SiOx
(1<X<2), AlOx(1<X<1.5), SiON, SiAION, etc.; the metal halide includes LiF, MgF,,
CaF,, a rare earth metal fluoride, etc.; and the metal oxide includes Cs,0O, Li,O, MgO,
SrO, BaO, CaO, etc.

A hole injection layer, a hole transport layer, an electron blocking layer, or their com-
binations can be used between an anode and a light-emitting layer. The hole injection
layer may be multi-layers in order to lower a hole injection barrier (or hole injection
voltage) from an anode to a hole transport layer or an electron blocking layer, wherein
each of the multi-layers simultaneously uses two compounds. The hole transport layer
or the electron blocking layer may also be multi-layers.

An electron buffer layer, a hole blocking layer, an electron transport layer, an
electron injection layer, or their combinations can be used between a light-emitting
layer and a cathode. The electron buffer layer may be multi-layers in order to control
the injection of an electron and improve interface properties between the light-emitting
layer and the electron injection layer, wherein each of the multi-layers simultaneously
uses two compounds. The hole blocking layer or the electron transport layer may also
be multi-layers, wherein each of the multi-layers may use a multi-component of
compounds.

Preferably, in the organic electroluminescent device of the present invention, a mixed
region of an electron transport compound and a reductive dopant, or a mixed region of
a hole transport compound and an oxidative dopant may be placed on at least one
surface of a pair of electrodes. In this case, the electron transport compound is reduced
to an anion, and thus it becomes easier to inject and transport electrons from the mixed
region to a light-emitting medium. Further, the hole transport compound is oxidized to
a cation, and thus it becomes easier to inject and transport holes from the mixed region
to a light-emitting medium. Preferably, the oxidative dopant includes various Lewis
acids and acceptor compounds; and the reductive dopant includes alkali metals, alkali
metal compounds, alkaline earth metals, rare-earth metals, and mixtures thereof. A

reductive dopant layer may be employed as a charge-generating layer to prepare an
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organic electroluminescent device having two or more light-emitting layers and
emitting white light.

In order to form each layer constituting the organic electroluminescent device of the
present invention, dry film-forming methods, such as vacuum deposition, sputtering,
plasma, ion plating methods, etc., or wet film-forming methods, such as spin coating,
dip coating, flow coating methods, etc., can be used. When forming a layer by using a
first host and a second host according to the present invention, co-deposition or mixed-
deposition may be used.

When using a wet film-forming method, a thin film is formed by dissolving or
dispersing the material constituting each layer in suitable solvents, such as ethanol,
chloroform, tetrahydrofuran, dioxane, etc. The solvents are not specifically limited as
long as the material constituting each layer is soluble or dispersible in the solvents,
which do not cause any problems in forming a layer.

Furthermore, a display device or a light device can be produced by using the organic
EL device of the present invention.

Hereinafter, the preparation methods of devices by using host compounds and dopant
compounds of the present invention will be explained in detail with reference to the

following examples:

Device Example 1-1: Production of an OLED device by co-deposition of the first

host compound and the second host compound according to the present invention as a
host

An OLED device comprising the organic electroluminescent compound of the
present invention was produced as follows: A transparent electrode indium tin oxide
(ITO) thin film (10 €2/sq) on a glass substrate for an OLED device (Samsung Corning,
Republic of Korea) was subjected to an ultrasonic washing with trichloroethylene,
acetone, ethanol, and distilled water, sequentially, and was then stored in isopropanol.
Next, the ITO substrate was mounted on a substrate holder of a vacuum vapor de-
positing apparatus. N*,N*-diphenyl-N4N*
"-bis(9-phenyl-9H-carbazole-3-yl)-[1,1’-biphenyl]-4,4’-diamine as HI-1 was in-
troduced into a cell of the vacuum vapor depositing apparatus, and the pressure in the
chamber of the apparatus was then controlled to 10 torr. Thereafter, an electric current
was applied to the cell to evaporate the introduced material, thereby forming a hole
injection layer 1 having a thickness of 80 nm on the ITO substrate.
1,4,5,8,9,12-hexaazatriphenylene hexacarbonitrile as HI-2 was then introduced into
another cell of the vacuum vapor depositing apparatus, and an electric current was
applied to the cell to evaporate the introduced material, thereby forming a hole

injection layer 2 having a thickness of 5 nm on hole injection layer 1. N-
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([1,1°-biphenyl]-4-y1)-9,9-dimethyl-N-(4-(9-phenyl-9H-carbazole-3-yl)phenyl)-9H-flu
orene-2-amine as HT-1 was introduced into one cell of the vacuum vapor depositing
apparatus. Thereafter, an electric current was applied to the cell to evaporate the in-
troduced material, thereby forming a hole transport layer 1 having a thickness of 10 nm
on hole injection layer 2.
N,N-di([1,1’-biphenyl]-4-y])-4’-(9H-carbazole-9-yl)-[ 1,1’ -biphenyl]-4-amine as HT-2
was then introduced into another cell of the vacuum vapor depositing apparatus, and an
electric current was applied to the cell to evaporate the introduced material, thereby
forming a hole transport layer 2 having a thickness of 60 nm on hole transport layer 1.
Thereafter, compounds H1-1 and H2-2 as hosts were respectively introduced into two
cells of the vacuum vapor depositing apparatus and compound D-96 as a dopant was
introduced into another cell. The two host materials were evaporated at the same rates
of 1:1, and the dopant was evaporated at a different rate and deposited in a doping
amount of 3 wt%, based on the total weight of the host and dopant, to form a light-
emitting layer having a thickness of 40 nm on the hole transport layer. Next,
2,4-bis(9,9-dimethyl-9H-fluorene-2yl)-6-(naphthalene-2-yl1)-1,3,5-triazine as ET-1 and
lithium quinolate as EI-1 were evaporated at the same rates of 1:1 on another two cells
to form an electron transport layer having a thickness of 30 nm on the light-emitting
layer. After depositing lithium quinolate of EI-1 having a thickness of 2 nm as an
electron injection layer on the electron transport layer, an Al cathode having a
thickness of 80 nm was then deposited by another vacuum vapor deposition apparatus
on the electron injection layer. Thus, an OLED device was produced.

The produced OLED device showed the driving voltage at a luminance of 1,000nit,
luminescent efficiency, CIE color coordinate, and the lifespan taken to be reduced

from 100% to 90% of the constant current at a luminance of 5,000nit as provided in

Table 1 below.
3 e
Q\I NCHCN % " /"NNLI
@r© "@% % § : . r,

=N N=
HI-2 HT-2 HT-3 ET-1 El-1

Comparative Example 1—1: Production of an OLED device by using only the second

host compound according to the present invention as a host

An OLED device was produced in the same manner as in Device Example 1-1,
except that only the second host compound was used as a host in a light-emitting layer.
The luminescent properties of the OLED devices produced in Device Example 1-1

and Comparative Example 1-1 are provided in Table 1 below.
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Hole
Transport
Layer

Host

Dopant

Voltage
V)

Efficiency
(cd/A)

Color
Coordinate

x.¥)

T90
lifespan
(hr)

Device Example
1-1

HT-1/HT-2

H1-1:H22

D-96

4.3

255

0.663,
0.336

360

Comparative

HT-1/HT-2

H2-2

D-96

4.1

28.2

0.662,

100

Example 1-1 0.337

Device Examples 2-1 to 2-13: Production of an OLED device by co-deposition of the

first host compound and the second host compound according to the present invention
as a host

An OLED device was produced in the same manner as in Device Example 1-1,
except that hole injection layer 2 has a thickness of 3 nm, hole transport layer 1 has a
thickness of 40 nm, hole transport layer 2 is not present, D-25 as a dopant was
deposited in a doping amount on 15wt% in a light-emitting layer, the electron transport
layer having a thickness of 35 nm was deposited via the evaporation rate of 4:6, the
combinations of the first host compound and the second host compound used as hosts
in a light-emitting layer are based on Device Examples 2-1 to 2-13 as provided in
Table 2 below, and the lifespan taken to be reduced from 100% to 90% of the constant

current at a luminance of 15,000nit as provided in Table 2 below.

Device Examples 2-14 to 2-18: Production of an OLED device by co-deposition of

the first host compound and the second host compound according to the present
invention as a host

An OLED device was produced in the same manner as in Device Examples 2-1 to
2-13, except that hole injection layer 2 has a thickness of 3 nm, hole transport layer 1
has a thickness of 40 nm, hole transport layer 2 is not present, D-1 as a dopant was
used in a light-emitting layer, the electron transport layer having a thickness of 35 nm
was deposited via the evaporation rate of 4:6, the combinations of the first host
compound and the second host compound used as hosts in a light-emitting layer are
based on Device Examples 2-14 to 2-18 as provided in Table 2 below, and the lifespan
taken to be reduced from 100% to 90% of the constant current at a luminance of
15,000nit as provided in Table 2 below.

Device Examples 3-1 to 3-8: Production of an OLED device by co-deposition of the

first host compound and the second host compound according to the present invention
as a host

An OLED device was produced in the same manner as in Device Examples 2-1 to

2-13, except that hole transport layer 1 has a thickness of 10 nm, hole transport layer 2
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of HT-3 has a thickness of 30 nm, D-136 as a dopant was used in a light-emitting
layer, and the combinations of the first host compound and the second host compound
used as hosts in a light-emitting layer are based on Device Examples 3-1 to 3-8 as

provided in Table 2 below.

Device Example 3-9: Production of an OLED device by co-deposition of the first

host compound and the second host compound according to the present invention as a
host

An OLED device was produced in the same manner as in Device Examples 2-1 to
2-13, except that hole transport layer 1 has a thickness of 10 nm, hole transport layer 2
of HT-3 has a thickness of 30 nm, D-164 as a dopant was used in a light-emitting
layer, and the combinations of the first host compound and the second host compound
used as hosts in a light-emitting layer are based on Device Example 3-9 as provided in
Table 2 below.

Device Examples 3-10 to 3-12: Production of an OLLED device by co-deposition of

the first host compound and the second host compound according to the present
invention as a host

An OLED device was produced in the same manner as in Device Examples 2-1 to
2-13, except that hole transport layer 1 has a thickness of 10 nm, hole transport layer 2
of HT-3 has a thickness of 30 nm, D-168 as a dopant was used in a light-emitting
layer, and the combinations of the first host compound and the second host compound
used as hosts in a light-emitting layer are based on Device Examples 3-10 to 3-12 as

provided in Table 2 below.

Device Example 3-13: Production of an OLED device by co-deposition of the first

host compound and the second host compound according to the present invention as a
host

An OLED device was produced in the same manner as in Device Examples 2-1 to
2-13, except that hole transport layer 1 has a thickness of 10 nm, hole transport layer 2
of HT-3 has a thickness of 30 nm, D-180 as a dopant was used in a light-emitting
layer, and the combinations of the first host compound and the second host compound
used as hosts in a light-emitting layer are based on Device Example 3-13 as provided
in Table 2 below.

Comparative Examples 2-1 to 2-3: Production of an OLED device by using only the

first host compound according to the present invention as a host
An OLED device was produced in the same manner as in Device Examples 2-1 to
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2-13, except that the first host compound used as hosts in a light-emitting layer is
based on Comparative Examples 2-1 to 2-3 as provided in Table 2 below.

[270]

[271] Comparative Examples 3-1 to 3-9: Production of an OLED device by using only the
second host compound according to the present invention as a host

[272] An OLED device was produced in the same manner as in Device Examples 2-1 to
2-13, except that the second host compound used as hosts in a light-emitting layer is
based on Comparative Examples 3-1 to 3-9 as provided in Table 2 below.

[273]

[274] Comparative Example 4-1: Production of an OLED device by using only the second
host compound according to the present invention as a host

[275] An OLED device was produced in the same manner as in Device Examples 3-1 to
3-8, except that the second host compound used as hosts in a light-emitting layer is
based on Comparative Example 4-1 as provided in Table 2 below.

[276] The luminescent properties of the OLED devices produced in the above Device

Examples and Comparative Examples are provided in Table 2 below.

[277]
[278] Table 2
[279] Hole Color T90
Transport Host Dopant Vol[t\s;]ge Ef[r"lccg;eAracy Coordinate | lifespan
Layer (x, y) [hr]
Device ] p
Examplo 2-1 HT-1 H1-1H2-25 | D25 | 33 432 | 0.297,0660 | 100
Device HT-1 H1-1:H2-31 D-25 3 588 | 0.303,0657 | 143
Example 2-2
Device HT-1 H1-t:H2-48 | D-25 | 28 553 | 0.302,0657 | 124
Example 2-3
Device i
Exampls 2-4 HT-1 H1-1:H2-34 | D-25 3 557 | 0.302,0657 | 127
Device HT-1 H1-11:H2-31 | D-25 2.9 569 | 0.306,0656 | 147
Example 2-5
Device .
Examplo 2-6 HT-1 H1-12:H2-31 | D-25 2.9 545 | 0.304,0657 | 206
Device HT-1 Hi-14:H2-31 | D-25 | 3.1 491 | 0.306,0655 | 124
Example 2-7
Device HT-1 H1-4:H2-31 D-25 2.9 552 | 0.300,0.657 | 131
Example 2-8
Device ]
Examplo 2-9 HT-1 H1-35:H2-31 | D-=25 2.9 556 | 0.303,0.656 | 161
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Device
Example
2-10

HT-1

H1-1:H2-101

D-25

55.6

0.303, 0.656

124

Device
Example
2-11

HT-1

H1-9:H2-31

D-25

2.9

56

0.301, 0.657

203

Device
Example 2-12

HT-1

H1-2:H2-31

D-25

2.8

54.9

0.307, 0.656

116

Device
Example
2-13

HT-1

H1-34:H2-31

D-25

52.5

0.303, 0.657

160

Device
Example
2-14

HT-1

H1-1:H2-31

D-1

2.8

57.8

0.315, 0.658

254

Device
Example
2-15

HT-1

H1-1:H2-48

D-1

2.8

60.2

0.316, 0.659

240

Device
Example
2-16

HT-1

H1-11:H2-31

D-1

2.8

52.4

0.317, 0.658

274

Device
Example
2-17

HT-1

H1-11:H2-48

2.7

543

0.316, 0.659

272

Device
Example
2-18

HT-1

H1-11:H2-87

D-1

2.9

51.9

0.319, 0.655

240

Device
Example 3-1

HT-1/HT-3

H1-1:H2-30

D-136

3.3

63.9

0.324, 0.660

240

Device
Example 3-2

HT-1/HT-3

H1-1:H2-31

D-136

3.2

7.2

0.326, 0.859

265

Device
Example 3-3

HT-1/HT-3

H1-1:H2-48

D-136

3.1

68

0.325, 0.659

265

Device
Example 3-4

HT-1/HT-3

H1-1:H2-87

D-136

3.3

67.4

0.327, 0.658

290

Device
Example 3-5

HT-1/HT-3

H1-11:H2-31

D-136

3.1

69.2

0.327, 0.658

292

Device
Example 3-6

HT-1/HT-3

H1-11:H2-48

D-136

3.2

64

0.326, 0.658

322

Device
Example 3-7

HT-1/HT-3

H1-11: H2-87

D-136

3.1

65.2

0.327, 0.657

367

Device
Example 3-8

HT-1/HT-3

H1-35:H2-125

D-136

3.1

65.2

0.330, 0.655

408

Device
Example 3-9

HT-1/HT-3

H1-35:H2-31

D-164

3.2

61.5

0.316, 0.656

241

Device
Example
3-10

HT-1/HT-3

H1-1:H2-31

D-168

3.2

62.1

0.281, 0.665

148

Device
Example
3-11

HT-1/HT-3

H1-35:H2-31

D-168

3.2

59.4

0.278, 0.668

162

Device
Example
3-12

HT-1/HT-3

H1-12:H2-125

D-168

3.1

56.6

0.288, 0.665

164

Device
Example
3-13

HT-1/HT-3

H1-12:H2-125

D-180

341

49.7

0.291, 0.664

240
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[282] .
Cég;nrﬁzlr:tzwf HT-1 H1-12 D-25 5.9 3.1 0.299, 0.656 x
Ei?ﬁﬁ{s tz'vﬁ HT-1 H1-4 D-25 6.7 3 0.289, 0.658 x
Eﬁg}ﬁf}.f tz'vﬁ HT-1 H1-35 D-25 6.6 3.9 0.395, 0.658 x
(éi'a“n‘q’ﬁ,r: tévf HT-1 H2-25 D-25 3.1 542 | 0.308,0655 | 45
gira"rgzlr:g"g HT-1 H2-31 D25 | 29 428 | 03140652 | 39
E§§£§{§ t;,v§ HT-1 H2-48 D-25 26 49.6 0.314, 0.652 67
%’(;”rgzlrgg‘f HT-1 H2-101 D25 | 28 503 | 03150651 | 24
Eﬁ;"nﬂ’ﬁ[i 2“? HT-1 H2-34 D-25 2.7 492 0.312, 0.652 38
Eg;nnﬁglr:g‘_’g HT-1 H2-30 D25 | 2.8 553 | 0.314,0852 | 70
%2:52[: tév;e HT-1 H2-31 D-1 2.9 335 | 0.323,0653 | 130
(ég;"nf;r:‘g‘f: HT-1 H2-48 D-1 2.6 412 | 03250653 | 124
EZ;“n?ﬁ[S té,vs HT-1 H2-87 D-1 28 379 | 0.323,0653 | 146
Eg;nn‘:;lr:‘t:’f HT-UHT-3 | H2-125 D-136 | 3.0 649 | 0.337,0649 | 124

[283] Device Examples 4-1 to 4-7: Production of an OLED device by co-deposition of the

first host compound and the second host compound according to the present invention

as a host

[284] An OLED device was produced in the same manner as in Device Example 1-1,
except that HT-4 was used as a hole transport layer 2, the combinations of the first host
compound and the second host compound used as hosts in a light-emitting layer are
based on Device Examples 4-1 to 4-7 as provided in Table 3 below, and the lifespan
taken to be reduced from 100% to 95% of the constant current at a luminance of
5,000nit as provided in Table 3 below.

[285]

[286] Comparative Examples 5-1 and 5-2: Production of an OLED device by using onl

the second host compound according to the present invention as a host

[287] An OLED device was produced in the same manner as in Device Examples 4-1 to
4-7, except that the second host compound used as hosts in a light-emitting layer is
based on Comparative Examples 5-1 and 5-2 as provided in Table 3 below.

[288] The luminescent properties of the OLED devices produced in Device Examples 4-1
to 4-7, and Comparative Examples 5-1 and 5-2 are provided in Table 3 below.
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Table 3
Hole - Color .
Transport Host Dopant Vo{l&a]ge Eﬁlcgn;zcy Coordinate 85 “;esP an
Layer . [cd/A] {x, y) [hr]
Device
Example HT-1/HT-4 | H1-287 : H2-496 D-96 3.8 30.8 0.667, 0.333 310
4-1
Device |
Example | HT-1/HT-4 H1-12 : H2-504 D-96 35 30.7 0.667, 0.333 390
4-2
Device .
Example | HT-1/HT-4 H1-9: H2-496 D-96 3.9 31.1 0.665, 0.335 130
4-3
Device .
Example 4-4 HT-1/HT-4 H1-35 : H2-496 D-96 3.8 311 0.665, 0.334 200
Device . )
Example 4-5 HT-1/HT-4 { H1-287 : H2-504 D-96 37 31.3 0.666, 0.333 200
Device .
Example 4-6 HT-1/HT-4 | H1-282: H2-504 D-96 3.7 314 0.666, 0.334 120
Device .
HT-1/HT-4 H1-12 : H2-496 D-96 3.6 29.2 0.667, 0.333 150
Example 4-7
Comparativel ir 1 /7.4 H2-496 D96 | 37 31.0 |0.665,0.334 90
Example 5-1
Comparative | \ir 4 /174 H2-504 D9 | 3.7 31 | 0.667,0.333 70
Example 5-2

Device Examples 5-1 and 5-2: Production of an OLED device by co-deposition of

the first host compound and the second host compound according to the present
invention as a host

An OLED device was produced in the same manner as in Device Examples 3-1 to
3-11, except that D-134 was used as a dopant in a light-emitting layer, the com-
binations of the first host compound and the second host compound used as hosts in a
light-emitting layer are based on Device Examples 5-1 and 5-2 as provided in Table 4
below, and the lifespan taken to be reduced from 100% to 97% of the constant current

at a luminance of 15,000nit as provided in Table 4 below.

Comparative Examples 6-1 and 6-2: Production of an OLED device by using only

the first host compound according to the present invention as a host
An OLED device was produced in the same manner as in Device Examples 5-1 and

5-2, except that the first host compound used as hosts in a light-emitting layer is based

on Comparative Examples 6-1 and 6-2 as provided in Table 4 below.

Comparative Example 7-1: Production of an OLED device by using only the second

host compound according to the present invention as a host
An OLED device was produced in the same manner as in Device Examples 5-1 and

5-2, except that the second host compound used as hosts in a light-emitting layer is
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based on Comparative Example 7-1 as provided in Table 4 below.
The luminescent properties of the OLED devices produced in Device Examples 5-1
and 5-2, Comparative Examples 6-1 and 6-2, and Comparative Example 7-1 are

provided in Table 4 below.

Table 4
Hole . Color T97
Transport Host Dopant VOIE\??B , Ef[fc':%'/e:]cy Coordinate | lifespan
Layer X, ¥) [hr]
Device
H1-12 : 0.313,
Exgtqple HT-1/ HT-3 H2-660 D-134 3.1 63.2 0665 39
Device
H1-35 : 0.312,
Exzr_gple HT-1/ HT-3 H2-660 D-134 3.2 64.8 0665 56
Comparative 0.305
Example HT-1/HT-3 | H1-12 D-134 6.4 2.9 PN, %
6-1 v 0.660
Comparative } 0.302
Example HT-1/HT-3 | H1-35 | D-134 7.2 35 s x
6-2 0.664
Comparative 0.321
Example HT-1/HT-3 | H2-660 | D-134 3.0 55.4 o 5
71 0.659

The organic electroluminescent device of the present invention provides longer
lifespan compared with conventional devices by comprising a light-emitting layer
containing a host and a phosphorescent dopant, wherein the host consists of multi-
component host compounds, at least a first host compound of the multi-component
host compounds has a specific bicarbazole derivative containing an aryl group, and a
second host compound has a specific carbazole derivative including a nitrogen-

containing heteroaryl group.
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Claims

An organic electroluminescent device comprising at least one light-
emitting layer between an anode and a cathode, wherein the light-
emitting layer comprises a host and a phosphorescent dopant; the host
consists of multi-component host compounds; at least a first host
compound of the multi-component host compounds is represented by
the following formula 1 which is a bicarbazole derivative containing an
aryl group, and a second host compound is represented by the
following formula 2 which is a carbazole derivative including a

nitrogen-containing heteroaryl group:

Q@” Q@X W

X3 X4 xs 6

2

xe. AXe  x

Xbxg (2)

N
Xa Xh

La

Ma

wherein

A; and A, each independently represent a substituted or unsubstituted
(C6-C30)aryl group;

X to X4 each independently represent hydrogen, deuterium, a halogen,
a cyano group, a substituted or unsubstituted (C1-C30)alkyl group, a
substituted or unsubstituted (C2-C30)alkenyl group, a substituted or un-
substituted (C2-C30)alkynyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a sub-
stituted or unsubstituted tri(C6-C30)arylsilyl group, a substituted or un-
substituted di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or
unsubstituted mono- or di-(C6-C30)arylamino group; or are linked
between adjacent substituents to form a substituted or unsubstituted

mono- or polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon
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atom(s) may be replaced with at least one hetero atom selected from
nitrogen, oxygen and sulfur;

Ma represents a substituted or unsubstituted nitrogen-containing 5- to
30-membered heteroaryl group;

La represents a single bond, or a substituted or unsubstituted
(C6-C30)arylene group;

Xa to Xh each independently represent hydrogen, deuterium, a halogen,
a cyano group, a substituted or unsubstituted (C1-C30)alkyl group, a
substituted or unsubstituted (C2-C30)alkenyl group, a substituted or un-
substituted (C2-C30)alkynyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a sub-
stituted or unsubstituted tri(C6-C30)arylsilyl group, a substituted or un-
substituted di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or
unsubstituted mono- or di-(C6-C30)arylamino group; or are linked
between adjacent substituents to form a substituted or unsubstituted
mono- or polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon
atom(s) ring may be replaced with at least one hetero atom selected
from nitrogen, oxygen and sulfur;

the fused aromatic or heteroaromatic ring is selected from the group
consisting of benzene, indole, indene, benzofuran and benzothiophene,
which may be further substituted with a (C1-C10)alkyl group or a
(C6-C15)aryl group; and

the heteroaryl group contains at least one hetero atom selected from B,
N, O, S, P(=0), Si and P.

The organic electroluminescent device according to claim 1, wherein
the compound of formula 1 is represented by the following formula 3,
4,5, 0r6:
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(4)

wherein
A, and A, each independently represent a substituted or unsubstituted
(C6-C30)aryl group; and
X to X4 each independently represent hydrogen, deuterium, a halogen,
a cyano group, a substituted or unsubstituted (C1-C30)alkyl group, a
substituted or unsubstituted (C2-C30)alkenyl group, a substituted or un-
substituted (C2-C30)alkynyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a sub-
stituted or unsubstituted tri(C6-C30)arylsilyl group, a substituted or un-
substituted di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or
unsubstituted mono- or di-(C6-C30)arylamino group; or are linked
between adjacent substituents to form a substituted or unsubstituted
mono- or polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon
atom(s) ring may be replaced with at least one hetero atom selected
from nitrogen, oxygen and sulfur.

[Claim 3] The organic electroluminescent device according to claim 1, wherein
the compound of formula 2 is represented by the following formula 7,
8,or9:
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va ()

. ()

(9)

wherein

V and W each independently represent a single bond, NR;s, CRsR;7, S,
or O, provided that both V and W neither represent a single bond nor
represent NR;s;

A, represents a substituted or unsubstituted (C6-C30)aryl group and
may be bonded to Xn or Xo;

L; and L, each independently represent a single bond, or a substituted
or unsubstituted (C6-C60)arylene group;

Xi represents hydrogen, deuterium, a halogen, a cyano group, a sub-
stituted or unsubstituted (C1-C30)alkyl group, a substituted or unsub-
stituted (C2-C30)alkenyl group, a substituted or unsubstituted
(C2-C30)alkynyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
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group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a sub-
stituted or unsubstituted tri(C6-C30)arylsilyl group, a substituted or un-
substituted di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or
unsubstituted mono- or di-(C6-C30)arylamino group; or are linked
between adjacent substituents to form a substituted or unsubstituted
mono- or polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon
atom(s) ring may be replaced with at least one hetero atom selected
from nitrogen, oxygen and sulfur;

Xj to Xz each independently represent hydrogen, deuterium, a halogen,
a cyano group, a carboxyl group, a nitro group, a hydroxyl group, a
substituted or unsubstituted (C1-C30)alkyl group, a substituted or un-
substituted (C3-C30)cycloalkyl group, a substituted or unsubstituted
(C3-C30)cycloalkenyl group, a substituted or unsubstituted 3- to
7-membered heterocycloalkyl group, a substituted or unsubstituted
(C6-C60)aryl group, a substituted or unsubstituted 3- to 30-membered
heteroaryl group, -NRsR, or -SiR;Rg4Ry; or are linked between adjacent
substituents to form a substituted or unsubstituted mono- or polycyclic,
(C3-C30) alicyclic or aromatic ring whose carbon atom(s) ring may be
replaced with at least one hetero atom selected from nitrogen, oxygen
and sulfur;

Ma, La, Xa, Xb, and Xe to Xh are as defined in formula 2;

Rs to Ry each independently represent hydrogen, deuterium, a halogen,
a cyano group, a carboxyl group, a nitro group, a hydroxyl group, a
substituted or unsubstituted (C1-C30)alkyl group, a substituted or un-
substituted (C3-C30)cycloalkyl group, a substituted or unsubstituted
(C3-C30)cycloalkenyl group, a substituted or unsubstituted 3- to
7-membered heterocycloalkyl group, a substituted or unsubstituted
(C6-C60)aryl group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group; or are linked between adjacent sub-
stituents to form a substituted or unsubstituted mono- or polycyclic,
(C3-C30) alicyclic or aromatic ring whose carbon atom(s) ring may be
replaced with at least one hetero atom selected from nitrogen, oxygen
and sulfur;

R6 and Ry7 each independently represent hydrogen, deuterium, a
halogen, a cyano group, a carboxyl group, a nitro group, a hydroxyl
group, a substituted or unsubstituted (C1-C30)alkyl group, a substituted
or unsubstituted (C3-C30)cycloalkyl group, a substituted or unsub-
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stituted (C3-C30)cycloalkenyl group, a substituted or unsubstituted 3-
to 7-membered heterocycloalkyl group, a substituted or unsubstituted
(C6-C60)aryl group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group; and

R;s represents hydrogen, deuterium, a halogen, a cyano group, a
carboxyl group, a nitro group, a hydroxyl group, a substituted or unsub-
stituted (C1-C30)alkyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted
(C3-C30)cycloalkenyl group, a substituted or unsubstituted 3- to
7-membered heterocycloalkyl group, a substituted or unsubstituted
(C6-C60)aryl group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group.

The organic electroluminescent device according to claim 1, wherein
La in formula 2 represents a single bond, or is represented by one

selected from the following formulas 10 to 19:

Xl Xk Xl
GO oSS ()
XX Xi Xk
Xj
f \/\ Xi T 4 Xm
: (12) (13)
ot OO
X, Xk Xk R

f Xn Xm xi
>o UG >o R

gg (16) (e A

x
3

18) (19)

wherein

Xi to Xp each independently represent hydrogen, deuterium, a halogen,
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a cyano group, a substituted or unsubstituted (C1-C30)alkyl group, a
substituted or unsubstituted (C2-C30)alkenyl group, a substituted or un-
substituted (C2-C30)alkynyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted (C6-C60)aryl
group, a substituted or unsubstituted 3- to 30-membered heteroaryl
group, a substituted or unsubstituted tri(C1-C30)alkylsilyl group, a sub-
stituted or unsubstituted tri(C6-C30)arylsilyl group, a substituted or un-
substituted di(C1-C30)alkyl(C6-C30)arylsilyl group, or a substituted or
unsubstituted mono- or di-(C6-C30)arylamino group; or are linked
between adjacent substituents to form a substituted or unsubstituted
mono- or polycyclic, (C3-C30) alicyclic or aromatic ring whose carbon
atom(s) ring may be replaced with at least one hetero atom selected
from nitrogen, oxygen and sulfur.

The organic electroluminescent device according to claim 1, wherein
Ma in formula 2 is a monocyclic-based heteroaryl group selected from
the group consisting of pyrrolyl, imidazolyl, pyrazolyl, triazinyl,
tetrazinyl, triazolyl, tetrazolyl, pyridyl, pyrazinyl, pyrimidinyl and
pyridazinyl, or a fused ring-based heteroaryl group selected from the
group consisting of benzoimidazolyl, isoindolyl, indolyl, indazolyl,
benzothiadiazolyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, naph-
thyridinyl, quinoxalinyl, carbazolyl and phenanthridinyl.

The organic electroluminescent device according to claim 1, wherein A
 and A, in formula 1 each independently represent phenyl, biphenyl,
terphenyl, naphthyl, fluorenyl, phenanthrenyl, anthracenyl, indenyl,
triphenylenyl, pyrenyl, tetracenyl, perylenyl, chrysenyl, naphthacenyl,
or fluoranthenyl.

The organic electroluminescent device according to claim 1, wherein
Xa to Xh in formula 2 each independently represent hydrogen; a cyano
group; a (C6-C15)aryl group which is unsubstituted or substituted with
a tri(C6-C10)arylsilyl group, or a 10- to 20-membered heteroaryl group
which is unsubstituted or substituted with a (C6-C12)aryl group; or are
linked between adjacent substituents to form a substituted or unsub-
stituted benzene, a substituted or unsubstituted indole, a substituted or
unsubstituted indene, a substituted or unsubstituted benzofuran, or a
substituted or unsubstituted benzothiophene.

The organic electroluminescent device according to claim 1, wherein
the triarylsilyl as X; to X in formula 1 is triphenylsilyl.

The organic electroluminescent device according to claim 1, wherein
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the compound represented by formula 1 is selected from the group

consisting of the following compounds:
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[Claim 10] The organic electroluminescent device according to claim 1, wherein

the compound represented by formula 2 is selected from the group

consisting of the following compounds:
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