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(57) ABSTRACT

An organic electroluminescence device utilizes a novel com-
bination comprising one or more biscarbazole derivative

compounds as the phosphorescent host material in combina-
tion with a green phosphorescent dopant material in the light
emitting region of the device, where the biscarbazole deriva-
tive compounds are represented by a formula (1A) or (1B)
below; where A, represents a substituted or unsubstituted
nitrogen-containing heterocyclic group having 1 to 30 ring
carbon atoms; A, represents a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, or substituted or unsubstituted nitrogen-containing
heterocyclic group having 1 to 30 ring carbon atoms; X, and
X, each are a linking group; Y, to Y, each represent a sub-
stituent; p and q represent an integer of 1 to 4; and r and s
represent an integer of 1 to 3; and the green phosphorescent
dopant material is a phosphorescent organometallic complex
having a chemical structure represented by LL'L"M wherein
M is a metal that forms octahedral complexes, L, L', and L"
are equivalent or inequivalent bidentate ligands wherein each
L comprises a substituted or unsubstituted phenylpyridine
ligand coordinated to M through an sp” hybridized carbon and
N; and, one of L, L' and L" is different from at least one of the
other two.
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BISCARBAZOLE DERIVATIVE HOST
MATERIALS AND GREEN EMITTER FOR
OLED EMISSIVE REGION

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an organic elec-
troluminescent (EL) device such as an organic light emitting
device (hereinafter abbreviated as an OLED) and materials
capable of being used in such an OLED. In particular, it
relates to an OLED which comprises a light emitting layer
which emits a green light, and materials for an OLED which
are used for the same.

RELATED ART

[0002] OLEDs which comprise an organic thin film layer
which includes a light emitting layer located between an
anode and a cathode are known in the art. In such devices,
emission of light may be obtained from exciton energy, pro-
duced by recombination of aholeinjected into a light emitting
layer with an electron.

[0003] Generally, OLEDs are comprised of several organic
layers in which at least one of the layers can be made to
electroluminesce by applying a voltage across the device.
When a voltage is applied across a device, the cathode effec-
tively reduces the adjacent organic layers (i.e., injects elec-
trons), and the anode effectively oxidizes the adjacent organic
layers (i.e., injects holes). Holes and electrons migrate across
the device toward their respective oppositely charged elec-
trodes. When a hole and electron meet on the same molecule,
recombination is said to occur, and an exciton is formed.
Recombination of the hole and electron in luminescent com-
pounds is accompanied by radiative emission, thereby pro-
ducing electroluminescence.

[0004] Depending on the spin states of the hole and elec-
tron, the exciton resulting from hole and electron recombina-
tion can have either a triplet or singlet spin state. [.umines-
cence from a singlet exciton results in fluorescence, whereas
luminescence from a triplet exciton results in phosphores-
cence. Statistically, for organic materials typically used in
OLED:s, one quarter of the excitons are singlets, and the
remaining three-quarters are triplets (see, e.g., Baldo, et al.,
Phys. Rev. B, 1999, 60, 14422). Until the discovery that there
were certain phosphorescent materials that could be used to
fabricate practical electro-phosphorescent OLEDs (U.S. Pat.
No. 6,303,238) and, subsequently, demonstration that such
electro-phosphorescent OLEDs could have a theoretical
quantum efficiency of up to 100% (i.e., harvesting all of both
triplets and singlets), the most efficient OLEDs were typically
based on materials that fluoresced. Fluorescent materials
luminesce with a maximum theoretical quantum efficiency of
only 25% (where quantum efficiency of an OLED refers to the
efficiency with which holes and electrons recombine to pro-
duce luminescence), since the triplet to ground state transition
of phosphorescent emission is formally a spin forbidden pro-
cess. Electro-phosphorescent OLEDs have now been shown
to have superior overall device efficiencies as compared with
electro-fluorescent OLEDs (see, e.g., Baldo, et al., Nature,
1998, 395, 151 and Baldo, et al., Appl. Phys. Lett. 1999,
75(3), 4).

[0005] Due to strong spin-orbit coupling that leads to sin-
glet-triplet state mixing, heavy metal complexes often display
efficient phosphorescent emission from such triplets at room
temperature. Accordingly, OLEDs comprising such com-
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plexes have been shown to have internal quantum efficiencies
of more than 75% (Adachi, et al., Appl. Phys. Lett., 2000, 77,
904). Certain organometallic iridium complexes have been
reported as having intense phosphorescence (Lamansky, et
al., Inorganic Chemistry, 2001, 40, 1704), and efficient
OLEDs emitting in the green to red spectrum have been
prepared with these complexes (Lamansky, et al., J. Am.
Chem. Soc., 2001, 123, 4304). Phosphorescent heavy metal
organometallic complexes and their respective devices have
been the subject of U.S. Pat. Nos. 6,830,828 and 6,902,830,
U.S. Publications 2006/0202194 and 2006/0204783; and
U.S. Pat. Nos. 7,001,536; 6,911,271; 6,939,624; and 6,835,
469.

[0006] OLEDs, as described above, generally provide
excellent luminous efficiency, image quality, power con-
sumption and the ability to be incorporated into thin design
products such as flat screens, and therefore hold many advan-
tages over prior technology, such as cathode ray devices.
[0007] However, improved OLEDs, including, for
example, the preparation of OLEDs having greater current
efficiency are desirable. In this regard, light emitting materi-
als (phosphorescent materials) have been developed in which
light emission is obtained from a triplet exciton in order to
enhance internal quantum efficiency.

[0008] As discussed above, such OLEDs can have a theo-
retical internal quantum efficiency up to 100% by using such
phosphorescent materials in the light emitting layer (phos-
phorescent layer), and the resulting OLED will have a high
efficiency and low power consumption. Such phosphorescent
materials may be used as a dopant in a host material which
comprises such a light emitting layer.

[0009] In a light emitting layer formed by doping with a
light emitting material such as a phosphorescent material,
excitons can efficiently be produced from a charge injected
into a host material. Exciton energy of an exciton produced
may be transferred to a dopant, and emission may be obtained
from the dopant at high efficiency. Exitons may be formed
either on the host materials or directly on the dopant.

[0010] In order to achieve intermolecular energy transfer
from a host material to a phosphorescent dopant with high
device efficiencies, the excited triplet energy EgH of the host
material must be greater than the excited triplet energy EgD
of the phosphorescent dopant.

[0011] In order to carry out intermolecular energy transfer
from a host material to a phosphorescent dopant, an excited
triplet energy Eg (T) of the host material has to be larger than
an excited triplet energy Eg (S) of the phosphorescent dopant.
[0012] CBP (4,4'-bis(N-carbazolyl)biphenyl) is known to
be a representative example of a material having an efficient
and large excited triplet energy. See, e.g., U.S. Pat. No. 6,939,
624. If CBP is used as a host material, energy can be trans-
ferred to a phosphorescent dopant having a prescribed emis-
sion wavelength, such as green, and an OLED having a high
efficiency can be obtained. When CBP is used as a host
material, the luminous efficiency is notably enhanced by
phosphorescent emission. However, CBP is known to have a
very short lifetime, and therefore it is not suitable for practical
use in EL devices such as an OLED. Without being bound by
scientific theory, itis believed that this is because CBP may be
heavily deteriorated by a hole due to its oxidative stability not
being high, in terms of molecular structure.

[0013] International Patent Application Publication WO
2005/112519discloses a technique in which a condensed ring
derivative having a nitrogen-containing ring such as carba-
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zole and the like is used as a host material for a phosphores-
cent layer showing green phosphorescence. The current effi-
ciency and the lifetime are improved by the above technique,
but it is not satisfactory in a certain case for practical use.
[0014] On the other hand, a wide variety of host materials
(fluorescent hosts) for a fluorescent dopant showing fluores-
cent emission are known, and various host materials can be
proposed which, by combination with a fluorescent dopant,
may form a fluorescent layer which exhibits excellent lumi-
nous efficiency and lifetime.

[0015] In a fluorescent host, an excited singlet energy Eg
(S) is larger than in a fluorescent dopant, but an excited triplet
energy Eg (T) of such ahost is not necessarily larger. Accord-
ingly, a fluorescent host cannot simply be used in place of a
phosphorescent host as a host material to provide a phospho-
rescent emitting layer.

[0016] Forexample, anthracene derivatives are known well
as a fluorescent host. However, an excited state triplet energy
Eg (T) of anthracene derivatives may be as small as about 1.9
eV. Thus, energy transfer to a phosphorescent dopant having
an emission wavelength in a visible light region of 500 nm to
720 nm cannot be achieved using such a host, since the
excited state triplet energy would be quenched by a host
having such a low triplet state energy. Accordingly,
anthracene derivatives are unsuitable as a phosphorescent
host.

[0017] Perylene derivatives, pyrene derivatives and naph-
thacene derivatives are not preferred as phosphorescent hosts
for the same reason.

[0018] The use of aromatic hydrocarbon compounds as
phosphorescent hosts is disclosed in Japanese Patent Appli-
cation Laid-Open No. 142267/2003. That application dis-
closes phosphorescent host compounds with a benzene skel-
eton core and with two aromatic substituents bonded at meta
positions.

[0019] However, the aromatic hydrocarbon compounds
described in Japanese Patent Application Laid-Open No.
142267/2003 assume a rigid molecular structure having a
good symmetric property and provided with five aromatic
rings in which molecules are arranged in a bilaterally sym-
metrical manner toward a central benzene skeleton. Such an
arrangement has the drawback of a likelihood of crystalliza-
tion of the light emitting layer.

[0020] On the other hand, OLEDs in which various aro-
matic hydrocarbon compounds are used are disclosed in
International Patent Application Publications WO 2007/
046685; Japanese Patent Application Laid-Open No. 151966/
2006; Japanese Patent Application Laid-Open No. 8588/
2005; Japanese Patent Application Laid-Open No. 19219/
2005; Japanese Patent Application Laid-Open No. 19219/
2005; and Japanese Patent Application Laid-Open No.
75567/2004. However, the efficiency of these materials as a
phosphorescent host is not disclosed.

[0021] Inaddition, OLEDs prepared by using various fluo-
rene compounds are disclosed in Japanese Patent Application
Laid-Open No. 043349/2004; Japanese Patent Application
Laid-Open No. 314506/2007; and Japanese Patent Applica-
tion Laid-Open No. 042485/2004. However, the effectiveness
of these materials as a phosphorescent host is not disclosed.
[0022] Further, Japanese Patent Application Laid-Open
No. 042485/2004 discloses hydrocarbon compounds in
which a condensed polycyclic aromatic ring is bonded
directly to a fluorene ring. However, the effectiveness of an
OLED prepared by combining such materials with a phos-
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phorescent material is not disclosed, and the application dis-
closes perylene and pyrene rings which are known to have a
small triplet energy level as condensed polycyclic aromatic
rings, and which are not preferred for use as a light emitting
layer of a phosphorescent device, and materials which are
effective for a phosphorescent device are not selected.
[0023] Despite the recent advancements in OLED technol-
ogy, there remains a need for host materials which can trans-
fer energy to a phosphorescent material with high efficiency
and with an extended lifetime.

SUMMARY OF THE INVENTION

[0024] One embodiment of the present disclosure provides
an organic electroluminescence device such as an OLED that
utilizes a novel combination comprising a biscarbazole
derivative compound as a host compound and a green phos-
phorescent dopant material in the light emitting region of the
device. The green phosphorescent dopant material is an orga-
nometallic phosphorescent material. The organic electrolu-
minescence device of the present disclosure comprises a cath-
ode, an anode, and a plurality of organic thin-film layers
provided between the cathode and the anode. At least one of
the organic thin-film layers is an emitting layer comprising a
green phosphorescent dopant material and a host material that
is a biscarbazole derivative compound represented by a for-
mula (1A) or (1B) below:

a4

(Y2)q

where A, represents a substituted or unsubstituted nitrogen-
containing heterocyclic group having 1 to 30 carbon atoms
forming a ring;

[0025] A, represents a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms, or
substituted or unsubstituted nitrogen-containing heterocyclic
group having 1 to 30 ring carbon atoms;
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[0026] X, and X, each are a linking group and indepen-
dently represents a single bond, substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

[0027] Y, toY,independently represent a hydrogen atom,
fluorine atom, cyano group, substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, substituted or unsubsti-
tuted alkoxy group having 1 to 20 carbon atoms, substituted
orunsubstituted haloalkyl group having 1 to 20 carbon atoms,
substituted or unsubstituted haloalkoxy group having 1 to 20
carbon atoms, substituted or unsubstituted alkylsilyl having 1
to 10 carbon atoms, substituted or unsubstituted arylsilyl
having 6 to 30 carbon atoms, substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

[0028] adjacentonesofY, toY, are allowed tobebonded to
each other to form a ring structure;

[0029] p and q represent an integer of 1 to 4; r and s repre-
sent an integer of 1 to 3; and

[0030] when p and q are an integer of 2 to 4 and r and s are
an integer of 2to 3, a plurality of Y, to'Y,, are allowed to be the
same or different.

The green phosphorescent dopant material is a phosphores-
cent organometallic complex having a chemical structure
represented by

LLT"™M

wherein M is a metal that forms octahedral complexes, L, L,
and L" are equivalent or inequivalent bidentate ligands
wherein each L comprises a substituted or unsubstituted phe-
nylpyridine ligand coordinated to M through an sp2 hybrid-
ized carbon and N; and, one of L, L' and L" is different from
at least one of the other two. The ligand L, L', and L" are
coordinated to the metal M having atomic number greater
than 40. Preferably, the metal M is Ir.

[0031] As used herein, “hydrogen atom” includes hydro-
gen isotopes such as protium, deuterium, and tritium.

[0032] According to an aspect of the present disclosure, the
green phosphorescent dopant material is an organometallic
compound having a substituted chemical structure repre-
sented by the following formula (4A):

(44)

— R —_ — 2 —_

N [
(Ar’)a_ | | \(Ar”')

N LN N4 ‘

\\h’{‘d—'

2 LN N
(Ar")p—— - d

\/\R R/\/
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[0033] where each R is independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl, alkylaryl, CN,
CF,, C F,, ., triftuorovinyl, CO,R, C(O)R, NR,, NO,, OR,
halo, aryl, heteroaryl, substituted aryl, substituted heteroaryl
or a heterocyclic group;

[0034] Ar',Ar",Ar" and Ar"" each independently represent
asubstituted or unsubstituted aryl or heteroaryl substituent on
the phenylpyridine ligand;

aisOorl;

bisOorl;

cisOorl;

disOorl;

mis1or2;

nis1or2;

m+n is the maximum number of ligands that can be coordi-
nated to M, and

wherein at least one of a, b, ¢, and d is 1 and when at least one
ofaand b is 1 and at least one of b and ¢ is 1, at least one of
Ar' and Ar" is different from at least one of Ar'™ and Ar"".
[0035] According to an aspect of the present disclosure, the
green phosphorescent dopant material is an organometallic
compound represented by the following formula 4B:

(4B)

\

[0036] According to another aspect of the present disclo-
sure, the organic EL device comprises the green phosphores-
cent dopant material represented by the formula 4B and the
host material is a biscarbazole derivative compound repre-
sented by a formula 1H or 2H shown below:

(18
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[0037] Inanother embodiment, the organic electrolumines-
cencedevice comprises a cathode, an anode, and a plurality of
organic thin-film layers provided between the cathode and the
anode, wherein at least one of the organic thin-film layers is
an emitting layer comprising a first host material, a second
host material, and a green phosphorescent dopant material as
emitter. The first host material of the pair of co-host materials
is a biscarbazole derivative compound represented by the
formula (1A) or (1B) as described above:

(1)

(B)

(Yl)q

[0038] The second host material of the pair of co-host
mateirals is a biscarbazole derivative compound represented
by a formula (1A"), (1B") or (2) below:
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S0 e W

1B)

where A ' represents a substituted or unsubstituted nitrogen-
containing heterocyclic group having 1 to 30 carbon atoms
forming a ring;

[0039] A, represents a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms, or
substituted or unsubstituted nitrogen-containing heterocyclic
group having 1 to 30 ring carbon atoms;

[0040] X,'is a linking group and independently represent,
a single bond, substituted or unsubstituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted fused aromatic hydrocarbon group having 6 to
30 ring carbon atoms, substituted or unsubstituted aromatic
heterocyclic group having 2 to 30 ring carbon atoms, or
substituted or unsubstituted fused aromatic heterocyclic
group having 2 to 30 ring carbon atoms;

[0041] Y,'toY,' independently represent a hydrogen atom,
fluorine atom, cyano group, substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, substituted or unsubsti-
tuted alkoxy group having 1 to 20 carbon atoms, substituted
orunsubstituted haloalkyl group having 1 to 20 carbon atoms,
substituted or unsubstituted haloalkoxy group having 1 to 20
carbon atoms, substituted or unsubstituted alkylsilyl having 1
to 10 carbon atoms, substituted or unsubstituted arylsilyl
having 6 to 30 carbon atoms, substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

[0042] adjacent ones of Y,'toY " are allowed to be bonded
to each other to form a ring structure;

[0043] p'and q' represent an integer of 1 to 4; r' and ¢'
represent an integer of 1 to 3; and



US 2015/0243905 A1l

[0044] whenp'and q are an integer of 2 to 4 and r' and s' are
an integer of 2 to 3, a plurality of Y,' to Y, are allowed to be
the same or different;

where R? independently represents a hydrogen atom, a halo-
gen atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0045] p" and q" are independently an integer of 0 to 4;
[0046] a plurality of R? are mutually the same or differ-
ent;

[0047] adjacent groups of R* are allowed to bond with
each other to form a ring;

[0048] L represents asingle bond or a linking group, the
linking group being one or a combination of a substi-
tuted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocy-
clic group having 5 to 30 ring atoms, and a cycloalkyl
group having 5 to 30 ring carbon atoms; and

[0049] FA represents a substituted or unsubstituted fused
aromatic cyclic group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted fused aromatic heterocyclic
group having 5 to 30 ring atoms. Fxamples of FA in the
second host material represented by formula (2) are repre-
sented by any one of the formulas (2-1) to (2-4):

21

2-2)
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02-3)
RZ)S
(2-4)
Rl)s

where R? and R* represent the same as R of the formula (2);

[0050] one of R? is a single bond to bond with L? in the
formula (2); and
[0051]

[0052] The green phosphorescent dopant material as emit-
ter is an organometallic complex having a chemical structure
represented by

r and s are an integer of 0 to 4.

LLL"M

where M is a metal that forms octahedral complexes, L, L,
and L" are equivalent or inequivalent bidentate ligands
wherein each L comprises a substituted or unsubstituted phe-
nylpyridine ligand coordinated to M through an sp2 hybrid-
ized carbon and N; and, one of L, L' and L" is different from
at least one of the other two. The ligand L, L', and L" are
coordinated to the metal M having atomic number greater
than 40. Preferably, the metal M is Ir.

[0053] According to an aspect of the organic EL, device
having the first and second host materials in the emitting
layer, examples of the green phosphorescent dopant material
are organometallic compounds having a substituted chemical
structure represented by the formula (4A) as described above.

(@A)

.

o
(\l(mm)c
N A

0
3

(AT

[0054] According to another aspect of the organic EL
device having the first and second host materials in the emit-
ting layer, the green phosphorescent dopant material is an
organometallic compound represented by the formula (4B)
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(4B)

[0055] According to another aspect of the organic EL
device having the first and second host materials in the emit-
ting layer, the green phostphorescent dopant material is an
organometallic compound represented by the formula 4B, the
first host material is a biscarbazole derivative compound rep-
resented by the formula 1H, and the second host material is a
biscarbasole derivative compound represented by the formula
2H or a formula 3H shown below

GH)

N

S0
i)

N

(0~

()

[0056] The inventors have found that the organic EL
devices containing the host materials and phosphorescent
materials according to the present disclosure exhibit low volt-
age requirement with high luninous efficiency. Additionally,
the devices having the combination of the co-host materails
and the phosphorescent dopant materials in the emitting layer
according to the present disclosure can exhibit additional
improvement in the life time of the device.

[0057] A luminous efficiency and a lifetime of the multi-
layered organic EL device depend on a carrier balance of the
entire organic EL device. The main factors that control the
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carrier balance are carrier transporting capability of each of
the organic layers and carrier injecting capability in the inter-
facial region of separate organic layers. In the organic EL
devices having the cohost combinations according to the
present disclosure, the cohost materials provide an improved
charge carrier balance of the entire organic EL device by
putting two of positive hole transportability materials and
electronic transportability materials together. The provision
of such co-host materials reduce deterioration by the carrier
invasion to the adjacent layer.

[0058] For example, the emitter host materials disclosed in
the present disclosure can function well not only as a single
host in an emitter layer but also as a cohost material in com-
bination with a second host material that is different from
them. Providing two compounds as a host material in the
emitter layer, the carrier injecting capability to neighboring
layers in the emitting layer (recombination region) can be
balanced.

[0059] The combination of the emitter layer host material
and the red phosphorescent dopant material of the present
disclosure resulted in an organic EL device having an
enhanced life.

BRIEF DESCRIPTION OF THE DRAWING

[0060] FIG. 1 is a schematic drawing of an exemplary
arrangement for an OLED according to an exemplary
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0061] The OLEDs of the present invention may comprise
a plurality of layers located between an anode and a cathode.
Representative OLEDs according to the invention include,
but are not limited to, structures having constituent layers as
described below:
[0062] (1) anode/light emitting layer/cathode;
[0063] (2) anode/hole injecting layer/light emitting
layer/cathode;
[0064] (3) anode/light  emitting
injectingetransporting layer/cathode;
[0065] (4) anode/hole injecting layer/light emitting
layer/electron injecting*transporting layer/cathode;
[0066] (5) anode/organic semiconductor layer/light
emitting layer/cathode;
[0067] (6) anode/organic semiconductor layer/electron
blocking layer/light emitting layer/cathode;
[0068] (7) anodelorganic semiconductor layer/light
emitting layer/adhesion improving layer/cathode;
[0069] (8) anode/hole injecting*transporting layer/light
emitting layer/electron injecting*transporting layer/
cathode;
[0070] (9) anode/insulating layer/light emitting layer/in-
sulating layer/cathode;

layer/electron

[0071] (10) anode/inorganic semiconductor layer/insu-
lating layer/light emitting layer/insulating layer/cath-
ode;

[0072] (11) anode/organic semiconductor layer/insulat-

ing layer/light emitting layer/insulating layer/cathode;
[0073] (12) anode/insulating layer/hole
injectingetransporting layer/light emitting layer/insulat-
ing layer/cathode; and
[0074] (13) anode/insulating layer/hole
injectingstransporting layer/light emitting layer/elec-
tron injectingetransporting layer/cathode.
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[0075] Among the OLED constituent structures described
above, constituent structure number (8) is a preferred struc-
ture, but the present invention is not limited to these disclosed
constituent structures.

[0076] FIG. 1 shows an OLED 1 according to an embodi-
ment. The OLED 1 comprises a transparent substrate 2, an
anode 3, a cathode 4 and a plurality of organic thin film layers
10 disposed between the anode 3 and the cathode 4. At least
one of the plurality of organic thin film layers 10 is a phos-
phorescence emitting layer 5 comprising one or more phos-
phorescent host material and a phosphorescent dopant mate-
rial.

[0077] The plurality of organic thin film layers 10 can
include other layers such as a hole injecting*transporting
layer 6 and the like between the phosphorescence emitting
layer 5 and the anode 3. The plurality of organic thin film
layers 10 can also include layers such as an electron
injectingstransporting layer 7 and the like between the phos-
phorescence emitting layer 5 and the cathode 4.

[0078] Further, there may be provided respectively an elec-
tron blocking layer disposed between the anode 3 and the
phosphorescence emitting layer 5, and a hole blocking layer
disposed between the cathode 4 and the phosphorescence
emitting layer 5. This makes it possible to contain electrons
and holes in the phosphorescence emitting layer 5 to enhance
the production rate of excitons in the phosphorescence emit-
ting layer 5.

[0079] In the present disclosure, the term “phosphorescent
host” is used to refer to a host material that functions as a
phosphorescent host when combined with a phosphorescent
dopant and should not be limited to a classification of the host
material based solely on molecular structure.

[0080] Thus, a phosphorescent host means a material con-
stituting the phosphorescence emitting layer containing a
phosphorescent dopant and does not mean a material which
can be used only for a host of a phosphorescent material. A
phosphorescence emitting layer is also referred to herein as a
light emitting layer.

[0081] In the present specification, “a  hole
injectingetransporting layer” means at least either one of a
hole injecting layer and a hole transporting layer, and “an
electron injecting*transporting layer” means at least either
one of an electron injecting layer and an electron transporting
layer.

[Substrate]

[0082] The OLED of the present disclosure may be pre-
pared on a substrate. The substrate referred to in this caseis a
substrate for supporting the OLED, and it is preferably a flat
substrate in which light in the visible region of about 400 to
about 700 nm has a transmittance of at least about 50%.
[0083] The substrate may include a glass plate, a polymer
plate and the like. In particular, the glass plate may include
soda lime glass, bariumestrontium-containing glass, lead
glass, aluminosilicate glass, borosilicate glass, barium boro-
silicate glass, quartz and the like. The polymer plate may
include polycarbonate, acryl, polyethylene terephthalate,
polyether sulfide, polysulfone and the like.

[Anode and Cathode]

[0084] An anode in the OLED of the present disclosure
assumes the role of injecting a hole into the hole injecting
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layer, the hole transporting layer or the light emitting layer.
Typically the anode has a work function of 4.5 eV or more.
[0085] Specific examples of a material suitable for use as
the anode include indium tin oxide alloy (ITO), tin oxide
(NESA glass), indium zinc oxide, gold, silver, platinum, cop-
per and the like. The anode can be prepared by forming a thin
film from electrode substances, such as those discussed
above, by a method such as a vapor deposition method, a
sputtering method and the like.

[0086] When light is emitted from the light emitting layer,
the transmittance of light in the visible light region in the
anode is preferably larger than 10%. The sheet resistance of
the anode is preferably several hundred a/square or less. The
film thickness of the anode is selected, depending on the
material, and is typically in the range of from about 10 nm to
about 1 um, and preferably from about 10 nm to about 200
nm.

[0087] Thecathode comprises preferably a material having
a small work function for the purpose of injecting an electron
into the electron injecting layer, the electron transporting
layer or the light emitting layer. Materials suitable for use as
the cathode include, but are not limited to indium, aluminum,
magnesium, magnesium-indium alloys, magnesium-alumi-
num alloys, aluminum-lithium alloys, aluminum-scandium-
lithium alloys, magnesium-silver alloys and the like. For
transparent or top-emitting devices, a TOLED cathode such
as disclosed in U.S. Pat. No. 6,548,956 is preferred.

[0088] The cathode can be prepared, as is the case with the
anode, by forming a thin film by a method such as a vapor
deposition method, a sputtering method and the like. Further,
an embodiment in which light emission is taken out from a
cathode side can be employed as well.

[Light Emitting Layer According to First Embodiment]

[0089] The light emitting layer in the OLED of the present
disclosure may be capable of carrying out the following func-
tions singly or in combination:

[0090] (1) injecting function: a function in which a hole
canbe injected from an anode or a hole injecting layer in
applying an electric field and in which an electron can be
injected from a cathode or an electron injecting layer;

[0091] (2) transporting function: a function in which a
charge (electron and hole) injected may be transferred
by virtue of a force of an electric field; and

[0092] (3) light emitting function: a function in which a
region for recombination of an electron and a hole may
be provided, and which results in the emission of light.

[0093] A difference may be present between ease of injec-
tion of a hole and ease of injection of an electron, and a
difference may be present in the transporting ability shown by
the mobilities of a hole and an electron.

[0094] Known methods including, for example, vapor
deposition, spin coating, Langmuir Blodgett methods and the
like can be used to prepare the light emitting layer. The light
emitting layer is preferably a molecularly deposited film. In
this regard, the term “molecularly deposited film” means a
thin film formed by depositing a compound from the gas
phase and a film formed by solidifying a material compound
in a solution state or a liquid phase state, and usually the
above-referenced molecular deposit film can be distinguished
from a thin film (molecular accumulation film) formed by an
LB method by a difference in an aggregation structure and a
higher order structure and a functional difference originating
in it.
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[0095] 1In preferred embodiments, the film thickness of the
light emitting layer is preferably from about 5 to about 50 nm,
more preferably from about 7 to about 50 nm and most pref-
erably from about 10 to about 50 nm. If the film thickness is
less than 5 nm, it is likely to be difficult to form the light
emitting layer and control the chromaticity. On the other
hand, if it exceeds about 50 nm, the operating voltage is likely
to go up.

[Host Material]

[0096] The at least one of the plurality of organic thin film
layers 10 in the OLED according to an embodiment of the
present disclosure is the light emitting layer comprising novel
combination of a biscarbazole derivative compound as a host
material in the light emitting region of the device and a green
phosphorescent dopant material (the emitter) in the light
emitting region. The host material is a biscarbazole derivative
compound represented by a formula (1A) or (1B) below:

(14)

(Ya)y

where A, represents a substituted or unsubstituted nitrogen-
containing heterocyclic group having 1 to 30 carbon atoms
forming a ring;

[0097] A, represents a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms, or
substituted or unsubstituted nitrogen-containing heterocyclic
group having 1 to 30 ring carbon atoms;

[0098] X, and X, each are a linking group and indepen-
dently represents a single bond, substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

Aug. 27,2015

[0099] Y, toY, independently represent a hydrogen atom,
fluorine atom, cyano group, substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, substituted or unsubsti-
tuted alkoxy group having 1 to 20 carbon atoms, substituted
orunsubstituted haloalkyl group having 1 to 20 carbon atoms,
substituted or unsubstituted haloalkoxy group having 1 to 20
carbon atoms, substituted or unsubstituted alkylsilyl having 1
to 10 carbon atoms, substituted or unsubstituted arylsilyl
having 6 to 30 carbon atoms, substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

[0100] adjacentonesofY, toY, are allowed to be bonded to
each other to form a ring structure;

[0101] p and q represent an integer of 1 to 4; r and s repre-
sent an integer of 1 to 3; and

[0102] when p and q are an integer of 2 to 4 and r and s are
aninteger of 2 to 3, a plurality of Y, to Y, are allowed to be the
same or different.

[0103] According to another aspect of the present disclo-
sure, in the devices of the present embodiment, the A, in the
host compound can be selected from the group consisting of
a substituted or unsubstituted pyridine ring, substituted or
unsubstituted pyrimidine ring, substituted or unsubstituted
triazine ring, and a substituted or unsubstituted quinazoline
ring.

[0104] According to another aspect of the present disclo-
sure, in the devices of the present embodiment, the A in the
host compound can be selected from a substituted or unsub-
stituted benzofuranyl group, a substituted or unsubstituted
dibenzofuranyl group, a substituted or unsubstituted ben-
zothiophenyl group, a substituted or unsubstituted diben-
zothiophenyl group, a substituted or unsubstituted ben-
zonaphthofuranyl group, or a substituted or unsubstituted
benzonaphthothiophenyl group.

[0105] Examples of the biscarbazole derivative compound
as the host material represented by the formula (1A) or (1B)
are described later in this document as chemical formulas 10,
20, 30, 40, 50, 60, 70, 80, 90,100, 110, 120,130, 140 and 150.
According to one embodiment, the host material can be a
biscarbazole derivative compound represented by the follow-
ing formula 1H or 2H:

(1H)
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-continued

(2H)

[Green Phosphorescent Dopant Material |

[0106] The green phosphorescent dopant material is a
phosphorescent organometallic complex having a chemical
structure represented by

LLT"'™M

where M is a metal that forms octahedral complexes, L, L,
and L" are equivalent or inequivalent bidentate ligands
wherein each L comprises a substituted or unsubstituted phe-
nylpyridine ligand coordinated to M through an sp2 hybrid-
ized carbon and N; and, one of L, L' and L" is different from
at least one of the other two. The ligand L, L', and L" are
coordinated to the metal M having atomic number greater
than 40. Preferably, the metal M is Ir.

[0107] Examples of the green phosphorescent dopant mate-
rial may be an organometallic compound having a substituted
chemical structure represented by the formula 4A:

(44

ol

(A)y— |

— . -
&
N| P

X

| /(Al’””)d

R/\/

where each R is independently selected from the group con-
sisting of H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF,,
C,F,, ., trifluorovinyl, CO,R, C(O)R, NR,, NO,, OR, halo,
aryl, heteroaryl, substituted aryl, substituted heteroaryl or a
heterocyclic group;

[0108] Ar',Ar", Ar'" and Ar"* each independently represent
asubstituted or unsubstituted aryl or heteroaryl substituent on
the phenylpyridine ligand;

aisOorl;

bisOorl;

cisOorl;

disOorl;

mis1or2;

nis1or2;

m+n is the maximum number of ligands that can be coordi-
nated to M, and
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wherein at least one of a, b, ¢, and d is 1 and when at least one
ofaandb is 1 and at least one of b and ¢ is 1, at least one of
Ar' and Ar" is different from at least one of Ar'" and Ar"".
[0109] Intheorganic EL device of the present embodiment,
the phosphorescent dopant material can be an organometallic
compound represented by the formula 4B below:

4B)

[EIL/ETL]

[0110] The electron injecting layer or the electron trans-
porting layer, which aids injection of the electrons into the
emitting layer, has a large electron mobility. The electron
injecting layer is provided for adjusting energy level, by
which, forinstance, sudden changes of the energy level can be
reduced.

[0111] The organic EL device according to this embodi-
ment preferably includes the electron injecting layer between
the emitting layer and the cathode, and the electron injecting
layer preferably contains a nitrogen-containing cyclic deriva-
tive as the main component. The electron injecting layer may
serve as the electron transporting layer. It should be noted that
“as the main component” means that the nitrogen-containing
cyclic derivative is contained in the electron injecting layer at
a content of 50 mass % or more.

[0112] A preferable example of an electron transporting
material for forming the electron injecting layer is an aro-
matic heterocyclic compound having in the molecule at least
one heteroatom. Particularly, a nitrogen-containing cyclic
derivative is preferable. The nitrogen-containing cyclic
derivative is preferably an aromatic ring having a nitrogen-
containing six-membered or five-membered ring skeleton, or
a fused aromatic cyclic compound having a nitrogen-contain-
ing six-membered or five-membered ring skeleton.

[0113] The nitrogen-containing cyclic derivative is prefer-
ably exemplified by a nitrogen-containing cyclic metal che-
late complex represented by the following formula E1.

ED
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[0114] R*toR7inthe formula E1 each independently rep-
resent a hydrogen atom, a halogen atom, an oxy group, an
amino group, a hydrocarbon group having 1 to 40 carbon
atoms, an alkoxy group, an aryloxy group, an alkoxycarbonyl
group, or an aromatic heterocyclic group. These groups may
be substituted or unsubstituted.

[0115] Examples of the halogen atom include fluorine,
chlorine, bromine, and iodine. In addition, examples of the
substituted or unsubstituted amino group include an alky-
lamino group, an arylamino group, and an aralkylamino
group.

[0116] The alkoxycarbonyl group is represented by
—COOQY". Examples of Y' are the same as the examples of the
alkyl group. The alkylamino group and the aralkylamino
group are represented by —NQ'Q?. Examples for each of Q*
and QQ” are the same as the examples described in relation to
the alkyl group and the aralkyl group, and preferred examples
for each of Q* and Q? are also the same as those described in
relation to the alkyl group and the aralky! group. Either one of
Q' and Q* may be a hydrogen atom.

[0117] The arylamino group is represented by —NAr'Ar?,
Examples for each of Ar' and Ar? are the same as the
examples described in relation to the non-fused aromatic
hydrocarbon group and the fused aromatic hydrocarbon
group. Either one of Ar' and Ar* may be a hydrogen atom.
[0118] M in the formula E1 represents aluminum (Al),
gallium (Ga) or indium (In), among which In is preferable.
[0119] L in the formula E1 represents a group represented
by a formula (A") or (A") below.

(&)
RS R?
RIO
RIZ Rll
I
s A"
Rl4 R]G
R R17 RS R
—Si R
R27 R R‘2 Rzl
RZG R44
RZS

[0120] In the formula A", R® to R'? each independently
represent a hydrogen atom or a substituted or unsubstituted
hydrocarbon group having 1 to 40 carbon atoms. Adjacent
groups may form a cyclic structure. In the formula A", R* to
R?7 each independently represent a hydrogen atom or a sub-
stituted or unsubstituted hydrocarbon group having 1 to 40
carbon atoms. Adjacent groups may form a cyclic structure.
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[0121] Examples of the hydrocarbon group having 1 to 40
carbon atoms represented by each of R® to R'? and R** to R*’
in the formulas A' and A" are the same as those of R” to R” in
the formula E1.

[0122] Examples of a divalent group formed when an adja-
cent set of R®*toR*?and R'to R*’ forms a cyclic structure are
a tetramethylene group, a pentamethylene group, a hexam-
ethylene group, a diphenylmethane-2,2'-diyl group, a diphe-
nylethane-3,3'-diyl group, a diphenylpropane-4,4'-diyl group
and the like.

[0123] As an electron transporting compound for the elec-
tron injecting layer or the electron transporting layer, 8-hy-
droxyquinoline or a metal complex of its derivative. an oxa-
diazole derivative and a nitrogen-containing heterocyclic
derivative are preferable. A specific example of the 8-hydrox-
yquinoline or the metal complex of its derivative is a metal
chelate oxinoid compound containing a chelate of oxine
(typically 8-quinolinol or 8-hydroxyquinoline). For instance,
tris(8-quinolinol) aluminum can be used. Examples of the
oxadiazole derivative are represented by the following for-
mulas:

_N (E2)
Ar”%oymls
N—N N—N E3)
AIIQ% );Al‘m‘( \ A_I‘Zl
—N N—N (E4)
Ar22% %mﬂ-o-mﬂ% );A]zs

[0124] In the formulas above, Ar'”, Ar'®, Ar'®, Ar*!, Ar*?
and Ar* each represent a substituted or unsubstituted aro-
matic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 40 ring carbon atoms. Ar'’, Ar'® and Ar*?
may be the same as or different from Ar'®, Ar*' and Ar®
respectively. Examples of the aromatic hydrocarbon group or
fused aromatic hydrocarbon group having 6 to 40 ring carbon
atoms are a phenyl group, biphenyl group, anthranil group,
perylenyl group and pyrenyl group. Examples of the substitu-
ent therefor are an alkyl group having 1 to 10 carbon atoms,
alkoxy group having 1 to 10 carbon atoms and cyano group.

[0125] Ar®, Ar* and Ar** each represent a substituted or,
unsubstituted divalent aromatic hydrocarbon group or fused
aromatic hydrocarbon group having 6 to 40 ring carbon
atoms. Ar** and Ar** may be mutually the same or different.
Examples of the divalent aromatic hydrocarbon group or
fused aromatic hydrocarbon group having 6 to 40 ring carbon
atoms are a phenylene group, naphthylene group, biphe-
nylene group, anthranylene group, perylenylene group and
pyrenylene group. Examples of the substituent therefor are an
alkyl group having 1 to 10 carbon atoms, alkoxy group having
1 to 10 carbon atoms and cyano group.

[0126] Preferably, such electron transport compound can
be favorably formed into a thin film(s). Some examples of the
electron transporting compounds are as follows.
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(E5) (E6)
N—N N—N
5-0-0 O-OU-O
(0] (0)
(E7
N—N N—N
-0
(0) (0)
C 2R
(E3)

O-O-U-O-0--0C0
OO -O-O--0-0
CO-O--O--0O- 00

[0127] Anexample of the nitrogen-containing heterocyclic
derivative as the electron transporting compound is a nitro-
gen-containing compound that is not a metal complex, the
derivative being formed of an organic compound represented
by one of the following general formulae. Examples of the
nitrogen-containing heterocyclic derivative are a five-mem-
bered ring or six-membered ring derivative having a skeleton
represented by the following formula AA and a derivative
having a structure represented by the following formula BB.

[0128] In the formula BB above, X represents a carbon
atom or a nitrogen atom. 7, and Z, each independently rep-
resent a group of atoms capable of forming a nitrogen-con-
taining heterocycle.

[0129] Preferably, the nitrogen-containing heterocyclic
derivative is an organic compound having a nitrogen-contain-
ing aromatic polycyclic group having a five-membered ring
or six-membered ring. When the nitrogen-containing hetero-
cyclic derivative includes such nitrogen-containing aromatic
polycyclic series having plural nitrogen atoms, the nitrogen-
containing heterocyclic derivative may be a nitrogen-contain-
ing aromatic polycyclic organic compound having a skeleton
formed by a combination of the skeletons respectively repre-
sented by the formulas AA and BB, or by acombination of the
skeletons respectively represented by the formulas AA and
CC.

(E9)

(©10)

PN

[0130] A nitrogen-containing group of the nitrogen-con-
taining aromatic polycyclic organic compound is selected
from nitrogen-containing heterocyclic groups respectively
represented by the following general formulas:

Rn\’N\ Rn\N\ Rn\N\ Rn\/\N
SPE D

]
x =
NN
Ry i \m
NN A
Rn N Rn
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_continued [0132] Some examples of HAr can be selected from the
/\N /\ N s /\ following group:
| |
N

=
= o

\ /

g A
W N X
o= "o b

\ /

\ /

7\

where, R represents an aromatic hydrocarbon group or fused
aromatic hydrocarbon group having 6 to 40 ring carbon
atoms, an aromatic heterocyclic group or fused aromatic het-
erocyclic group having 2 to 40 ring carbon atoms, an alkyl
group having 1 to 20 carbon atoms or alkoxy group having 1
to 20 carbon atoms, and n represents an integer in a range of
0 to 5. When n is an integer of 2 or more, plural R may be
mutually the same or different.

\ /

\

[0131] An example of a preferable specific compound is a
nitrogen-containing heterocyclic derivative represented by
the following formula:

“y
Yy
QL
“y
Yy

N
S
Z

HAr-L-Ar'—Ar?

Where, HAr represents a substituted or unsubstituted nitro-
gen-containing heterocyclic group having 1 to 40 ring carbon
atoms, L' represents a single bond, substituted or unsubsti-
tuted aromatic hydrocarbon group or fused aromatic hydro-
carbon group having 6 to 40 ring carbon atoms, or substituted
or unsubstituted aromatic heterocyclic group or fused aro-
matic heterocyclic group having 2 to 40 ring carbon atoms,
Ar' represents a substituted or unsubstituted divalent aro-
matic hydrocarbon group having 6 to 40 ring carbon atoms;
and Ar” represents a substituted or unsubstituted aromatic
hydrocarbon group or fused aromatic hydrocarbon group
having 6 to 40 ring carbon atoms, or substituted or unsubsti-
tuted aromatic heterocyclic group or fused aromatic hetero-
cyclic group having 2 to 40 ring carbon atoms.
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-continued [0134] Some examples of Ar' can be selected from the
following group:

R! R®

Z,

o P
O
/
z

\
=z

N\
=z

)

.
Z,
.

8]

where, R* to R'* each independently represent a hydrogen
atom, halogen atom, alkyl group having 1 to 20 carbon atoms,
alkoxy group having 1 to 20 carbon atoms, aryloxy group
having 6 to 40 ring carbon atoms, substituted or unsubstituted

g
) <

N aromatic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 40 ring carbon atoms, or aromatic hetero-
cyclic group or fused aromatic heterocyclic group having 2 to

N/\ 40 ring carbon atoms; and Ar represents aromatic hydrocar-

bon group or fused aromatic hydrocarbon group having 6 to
40 ring carbon atoms, or aromatic heterocyclic group or fused
aromatic heterocyclic group having 2 to 40 ring carbon atoms.
[0135] All of R* to R® of a nitrogen-containing heterocy-
clic. derivative may be hydrogen atoms.

[0136] Examples of At* can be selected from the following

group:

\

Z\ /Z
/
/
2N

\

.
§
e

lowing group:

[0133] Some examples of L' can be selected from the fol- b
N *‘.
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[0137] 1In addition to the above examples, the following
nitrogen-containing aromatic polycyclic organic compound
(see JP-A-9-3448) can be favorably used as the electron trans-
porting compound.

R X
==
R,—N N—TR,
e
X R;

where, R, to R, each independently represent a hydrogen
atom, substituted or unsubstituted aliphatic group, substi-
tuted or unsubstituted alicyclic group, substituted or unsub-
stituted carbocyclic aromatic cyclic group or substituted or
unsubstituted heterocyclic group; and X, and X, each inde-
pendently represent an oxygen atom, sulfur atom or dicya-
nomethylene group.

[0138] Additional examples of compounds that can be used
as electron transporting material can be found in JP-A-2000-
173774.

[0139] The electron injecting layer preferably contains an
inorganic compound such as an insulator or a semiconductor
in addition to the nitrogen-containing cyclic derivative. Such
an insulator or a semiconductor, when contained in the elec-
tron injecting layer, can effectively prevent a current leak,
thereby enhancing electron capability of the electron inject-
ing layer.

[0140] As the insulator, it is preferable to use at least one
metal compound selected from the group consisting of an
alkali metal chalcogenide, an alkali earth metal chalcogenide,
a halogenide of alkali metal and a halogenide of alkali earth
metal. By forming the electron injecting layer from the alkali
metal chalcogenide or the like, the electron injecting capabil-
ity can preferably be further enhanced. Specifically, preferred
examples of the alkali metal chalcogenide are Li,0, K,O,
Na,S, Na,Se and Na,O, while preferable example of the
alkali earth metal chalcogenide are CaQ, BaO, SrO, BeO,
BaS and CaSe. Preferred examples of the halogenide of the
alkali metal are LiF, NaF, KF, LiCl, KCI and NaCl. Preferred
examples of the halogenide of the alkali earth metal are fluo-
rides such as CaF,, BaF,, SrF,, MgF, and BeF,, and halo-
genides other than the fluoride.

[0141] Examples of the semiconductor are one of or a com-
bination of two or more of an oxide, a nitride or an oxidized
nitride containing at least one element selected from Ba, Ca,
St, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn. An
inorganic compound for forming the electron injecting layer
is preferably a microcrystalline or amorphous semiconductor
film. When the electron injecting layer is formed of such
insulator film, more uniform thin film can be formed, thereby
reducing pixel defects such as a dark spot. Examples of such
an inorganic compound are the above-described alkali metal
chalcogenide, alkali earth metal chalcogenide, halogenide of
the alkali metal and halogenide of the alkali earth metal.
[0142] When the electron injecting layer contains such an
insulator or such a semiconductor, a thickness thereof is pref-
erably in a range of approximately 0.1 nm to 15 nm. The
electron injecting layer in this exemplary embodiment may
preferably contain the above-described reduction-causing
dopant.
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[HIL/HTL]

[0143] The hole injecting layer or the hole transporting
layer (including the hole injecting/transporting layer) may
contain an aromatic amine compound such as an aromatic
amine derivative represented by the following general for-
mula (I).

]

Ar! A
\
/I\—L—N
Ar? Art

where, Ar' to Ar* each represent a substituted or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 50 ring carbon atoms, substituted or unsub-
stituted aromatic heterocyclic group or fused aromatic het-
erocyclic group having 2 to 40 ring carbon atoms, or a group
formed by combining the aromatic hydrocarbon group or the
fused aromatic hydrocarbon group with the aromatic hetero-
cyclic group or fused aromatic heterocyclic group.

[0144] Some examples ofthe compound represented by the
general formula (I) can be found, for example, in United
States Patent Application Publication No. US 2011/0278555
Al, the disclosures of which is incorporated herein by refer-
ence. However, the compound represented by the general
formula (I) 1s not limited thereto.

[0145] Aromatic amine represented by the following for-
mula (II) can also be used for forming the hole injecting layer
or the hole transporting layer.

an

where, Ar' to Ar® each represent the same as Ar" to Ar* of the
formula (I) above. Some examples of the compound repre-
sented by the general formula (IT) can be found, for example,
in United States Patent Application Publication No. US 2011/
0278555 Al, the disclosures of which is incorporated herein
by reference. However, the compound represented by the
general formula (II) is not limited thereto.

[0146] A method of forming each of the layers in the
organic EL, device of the various embodiments described
herein is not particularly limited. A conventionally-known
methods such as vacuum deposition or spin coating may be
employed for forming the layers. The organic thin-film layer
containing the compound represented by the formula (1A) or
(1B), which is used in the organic EL device according to this
exemplary embodiment, may be formed by a conventional
coating method such as vacuum deposition, molecular beam
epitaxy (MBE method) and coating methods using a solution
such as a dipping, spin coating, casting, bar coating, and roll
coating.

[0147] Although the thickness of each organic layer of the
organic EL device according to this exemplary embodiment
is not particularly limited, the thickness is generally prefer-
ably in a range of several nanometers to 1 pm because an
excessively-thinned film likely entails defects such as a pin
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hole while an excessively-thickened film requires high volt-
age to be applied and deteriorates efficiency.

[0148] Inan OLED embodiment according to the present
disclosure, a plurality of organic thin film layers provided
between a cathode and an anode; the plurality of organic thin
film layers comprise at least one phosphorescence emitting
layer comprising at least one phosphorescent material and at
least one biscarbazole derivative host material as described
below.

[0149] As described above, a phosphorescence emitting
layer having high efficiency and long lifetime can be prepared
according to the teachings of the present invention, especially
a high stability at high operating temperatures.

[0150] Inthis regard, an excited triplet energy gap Eg(T) of
the material constituting the OLED of the present disclosure
may be prescribed based on its phosphorescence emission
spectrum, and it is given as an example in the present disclo-
sure that the energy gap may be prescribed, as is commonly
used, in the following manner.

[0151] The respective materials are dissolved in an EPA
solvent (diethyl ether:isopentane:ethanol=5:5:2 in terms of a
volume ratio) in a concentration of 10 umol/L to prepare a
sample for measuring phosphorescence. This phosphores-
cence measuring sample is placed in a quartz cell and cooled
to 77 K, and is subsequently irradiated with exciting light to
measure the wavelength of a phosphorescence emitted.
[0152] A tangent line is drawn based on the increase of
phosphorescence emission spectrum thus obtained at the
short wavelength side, and the wavelength value of the inter-
section point of the above tangent line and the base line is
converted to an energy value, which is set as an excited triplet
energy gap Eg(T). A commercially available measuring
equipment F-4500 (manufactured by Hitachi, Ltd.) can be
used for the measurement.

[0153] However, a value which can be defined as the triplet
energy gap can be used without depending on the above
procedure as long as it does not deviate from the scope of the
present invention.

[Light Emitting Layer According to Second Embodiment]

[0154] According to another embodiment, an organic EL
device comprises a cathode, an anode, and a plurality of
organic thin-film layers provided between the cathode and the
anode and at least one of the plurality of organic thin-film
layers comprise an emitting layer comprising a first host
material, a second host material, and a green phosphorescent
dopant material as emitter. The first host material of the pair of
co-host materials is a biscarbazole derivative compound rep-
resented by formula (1A) or (1B) as described.

(14)
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-continued

(1B)

(Ya)q

[0155] A second host material of the pair of co-host matei-
rals is a biscarbazole derivative compound represented by a
formula (1A"), (1B") or (2) below:

1A

1B’

wherein A" represents a substituted or unsubstituted nitro-
gen-containing heterocyclic group having 1 to 30 carbon
atoms forming a ring;

[0156] A, represents a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms, or
substituted or unsubstituted nitrogen-containing heterocyclic
group having 1 to 30 ring carbon atoms;

[0157] X,'is a linking group and independently represent,
a single bond, substituted or unsubstituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted fused aromatic hydrocarbon group having 6 to
30 ring carbon atoms, substituted or unsubstituted aromatic
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heterocyclic group having 2 to 30 ring carbon atoms, or
substituted or unsubstituted fused aromatic heterocyclic
group having 2 to 30 ring carbon atoms;

[0158] Y,'toY,' independently represent a hydrogen atom,
fluorine atom, cyano group, substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, substituted or unsubsti-
tuted alkoxy group having 1 to 20 carbon atoms, substituted
orunsubstituted haloalkyl group having 1 to 20 carbon atoms,
substituted or unsubstituted haloalkoxy group having 1 to 20
carbon atoms, substituted or unsubstituted alkylsilyl having 1
to 10 carbon atoms, substituted or unsubstituted arylsilyl
having 6 to 30 carbon atoms, substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

[0159] adjacentones of Y,'to Y,,' are allowed to be bonded
to each other to form a ring structure;

[0160] p' and q' represent an integer of 1 to 4; r' and ¢'
represent an integer of 1 to 3; and

[0161] whenp'and q are an integer of 2 to 4 and r' and s' are
an integer of 2 to 3, a plurality of Y,' to Y, are allowed to be
the same or different;

®y~LZ )
AN

N—I2—FA
NS

\
(Rz)q”/\ /

where R? independently represents a hydrogen atom, a halo-
gen atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0162] p" and q" are independently an integer of 0 to 4;
[0163] aplurality of R? are mutually the same or different;
[0164] adjacent groups of R? are allowed to bond with each

other to form a ring;

[0165] L represents a single bond or a linking group, the
linking group being one or a combination of a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, and a cycloalkyl group having 5 to 30 ring carbon
atoms; and
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[0166] FA represents a substituted or unsubstituted fused
aromatic cyclic group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted fused aromatic heterocyclic
group having 5 to 30 ring atoms. Examples of FA in the
second host material represented by formula (2) are repre-
sented by any one of the formulas (2-1) to (2-4):

2-1)
—=
\ [
®T_/ __J TR,

AW A
®RT __J TR,

2-3)

2-4)

— A\
®7( / {

where R? and R*! represent the same as R? of the formula (2);

[0167] one of R? is a single bond to bond with L% in the
formula (2); and

[0168]

[0169] Intheorganic EL device of the present embodiment,
the second host material represented by a formula (1A") or
(1B'") can be a compound represented by the following for-
mula (2H) below:

[0170] Examples of a biscarbazole derivative compound as
the second host material represented by the formula (2) are
described below as chemical formula 260. An example of
such a material can be a compound represented by the fol-
lowing formula (3H) below:

r and s are an integer of 0 to 4.
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GH)

&

[0171] The green phosphorescent dopant material as emit-
ter is an organometallic complex having a chemical structure
represented by

LLL"™M

where M is a metal that forms octahedral complexes, L, L,
and L" are equivalent or inequivalent bidentate ligands
wherein each I comprises a substituted or unsubstituted phe-
nylpyridine ligand coordinated to M through an sp® hybrid-
ized carbon and N; and, one of L, L' and L" is different from
at least one of the other two. The ligand L, L', and L" are
coordinated to the metal M having atomic number greater
than 40. Preferably, the metal M is Ir. Examples of the green
phosphorescent dopant material may be an organometallic
compound having a substituted chemical structure repre-
sented by the formula (4A) as described above.

(@A)

R\ 7] /R

d ~

s N

Wt R
X N, N Z

wnl ] [ Lo

R/\/

[0172] Intheorganic EL device of the present embodiment,
the phosphorescent material can be an organometallic com-
pound represented by the following formula (4B) below:

17
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(4B)
| x
~ /N a
Z N\Ir\
N,
\ =
S
[0173] According to another aspect of the present disclo-

sure, in the devices of the present embodiment, the A | in the
first host compound and/or the second host compound can
represent a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted benzothiophenyl group, a substituted
or unsubstituted dibenzothiophenyl group, a substituted or
unsubstituted benzonaphthofuranyl group, or a substituted or
unsubstituted benzonaphthothiophenyl group.

[0174] In the devices of the present embodiment, the first

host material can be a compound represented by the formula
1H below:

(18

[0175] In the devices of the present embodiment, the sec-
ond host material can be a compound represented by the
formula 2H or 3H below:
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-continued -continued
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[0176] Inthe biscarbazole derivative compounds disclosed
herein, when 'Y, to Y, are bonded to each other to form a ring

structure, the ring structure is exemplified by structures rep-
resented by the following formulas:

v

gﬂ Yy
Cg

9

B

>

[0177] Moreover, A, in the formula (1A) or (1B) is prefer-
ably selected from the group consisting of a substituted or
unsubstituted pyridine ring, substituted or unsubstituted pyri-
midine ring and substituted or unsubstituted triazine ring,
more preferably selected from a substituted or unsubstituted
pyrimidine ring or substituted or unsubstituted triazine ring,
and further preferably a substituted or unsubstituted pyrimi-
dine ring.

[0178] Moreover, according to the above aspect, A in the
formula (1A) or (1B) is preferably a substituted or unsubsti-
tuted quinazoline ring.

[0179] Inthe formula (1A)or (1B) X, is preferably a single
bond or substituted or unsubstituted divalent aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, particularly
preferably a benzene ring.

[0180] Inthe formula (1A)or (1B) whenX, is a substituted
or unsubstituted benzene ring, A, and the carbazolyl group,

el g.
Y o
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which are bonded to X, are preferably in meta positions or
para positions. Particularly preferably, X, is unsubstituted
para-phenylene.

[0181] Inthe formula (1A) or (1B), the pyridine ring, pyri-
midine ring and triazine ring are more preferably represented
by the following formulas. In the formulas, Y and Y' represent
asubstituent. Examples of the substituent are the same groups
as those represented by Y, to Y, as described above. Y and Y’
may be the same or different. Preferred examples thereof are
the substituted or unsubstituted aromatic hydrocarbon group
or fused aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, and the substituted or unsubstituted aromatic
heterocyclic group or fused aromatic heterocyclic group hav-
ing 2 to 30 ring carbon atoms. In the following formulas, *
represents a bonding position to X, or X,.

1 1 1

— N:< N—
A Y

!
2

[0182] Inthe formula (1A) or (1B), the quinazoline ring is
represented by the following formula. Y represents a substitu-
ent. u represents an integer of 1 to 5. When u is an integer of
2 to 5, a plurality of Y may be the same or different. As the
substituentY, the same groups as those for the above Y, to 'Y,
are usable, among which preferred examples thereof are the
substituted or unsubstituted aromatic hydrocarbon group or
fused aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, and the substituted or unsubstituted aromatic hetero-
cyclic group or fused aromatic heterocyclic group having 2 to
30 ring carbon atoms. Also in the following formulas, *
represents a bonding position to X or X,.

N

[0183] Inthe formulae (1A)to (1B), the alkyl group, alkoxy
group, haloalkyl group, haloalkoxy group and alkylsilyl
group, which are represented by Y, to Y5, may be linear,
branched or cyclic.

[0184] In the formulae (1A) to (1B), some examples of the
alkyl group having 1 to 20 carbon atoms are a methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
s-butyl group, isobutyl group, t-butyl group, n-pentyl group,
n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group,
n-decyl group, n-undecyl group, n-dodecyl group, n-tridecyl
group, n-tetradecyl group, n-pentadecyl group, n-hexadecyl
group, n-heptadecyl group. n-octadecyl group, neo-pentyl
group, 1-methylpentyl group, 2-methylpentyl group, 1-pen-
tylhexyl group, 1-butylpentyl group, 1-heptyloctyl group,
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3-methylpentyl group, cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group and 3,5-tetramethylcy-
clohexyl group. An alkyl group having 1 to 10 carbon atoms
is preferable, examples of which are a methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, s-butyl
group, isobutyl group, t-butyl group, cyclopentyl group,
cyclohexyl group and cycloheptyl group.

[0185] As the alkoxy group having 1 to 20 carbon atoms, an
alkoxy group having 1 to 6 carbon atoms is preferable and
specific examples thereofare a methoxy group, ethoxy group,
propoxy group, butoxy group, pentyloxy group, and hexy-
loxy group.

[0186] The haloalkyl group having 1 to 20 carbon atoms is
exemplified by a haloalkyl group provided by substituting the
alkyl group having 1 to 20 carbon atoms with one or more
halogen atoms. Preferred one of the halogen atoms is fluorine.
Thehaloalkyl group is exemplified by a trifluoromethyl group
and a 2,2,2-trifluoroethyl group.

[0187] The haloalkoxy group having 1 to 20 carbon atoms
is exemplified by ahaloalkoxy group provided by substituting
the alkoxy group having 1 to 20 carbon atoms with one or
more halogen atoms. Preferred one of the halogen atoms is
fluorine.

[0188] Some examples of the alkylsilyl group having 1 to
10 carbon atoms are a trimethylsilyl group, triethylsilyl
group, tributylsilyl group, dimethylethylsilyl group, dimeth-
ylisopropylsilyl group, dimethylpropylsilyl group, dimethyl-
butylsilyl group, dimethyl-tertiary-butylsilyl group and
diethylisopropylsilyl group.

[0189] Some examples of the arylsilyl group having 6 to 30
carbon atoms are a phenyldimethylsilyl group, diphenylm-
ethylsilyl group, diphenyl-tertiary-butylsilyl group and triph-
enylsilyl group.

[0190] Some examples of the aromatic heterocyclic group
or fused aromatic heterocyclic group having 2 to 30 ring
carbon atoms are a pyroryl group, pyrazinyl group, pyridinyl
group, indolyl group, isoindolyl group, furyl group, benzo-
furanyl group, isobenzofuranyl group, dibenzofuranyl group,
dibenzothiophenyl group, quinolyl group, isoquinolyl group,
quinoxalinyl group, carbazolyl group, phenantridinyl group,
acridinyl group, phenanthrolinyl group, thienyl group and a
group formed from a pyridine ring, pyrazine ring, pyrimidine
ring, pyridazine ring, triazine ring, indol ring, quinoline ring,
acridine ring, pirrolidine ring, dioxane ring, piper idine ring,
morpholine ring, piperadine ring, carbazole ring, furan ring,
thiophere ring, oxazole ring, oxadiazole ring, benzooxazole
ring, thiazole ring, thiadiazole ring, benzothiazole ring, tria-
zole ring, imidazole ring, benzoimidazole ring, pyrane ring
and dibenzofuran ring. Among the above, the aromatic het-
erocyclic group or fused aromatic heterocyclic group having
2 to 10 ring carbon atoms is preferable.

[0191] Some examples of the aromatic hydrocarbon group
or fused aromatic hydrocarbon group having 6 to 30 ring
carbon atoms are a phenyl group, naphthyl group, phenan-
thryl group, biphenyl group, terphenyl group, quarterphenyl
group, fluoranthenyl group, triphenylenyl group, phenanthre-
nyl group, pyrenyl group, chrysenyl group, fluorenyl group,
and 9,9-dimethylfluorenyl group. Among the above, the aro-
matic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 20 ring carbon atoms is preferable.

[0192] When A, A,, X, X, and Y, to Y5 in the formula
(1A) or (1B) each have one or more substituents, the substitu-
ents are preferably a linear, branched or cyclic alkyl group
having 1 to 20 carbon atoms; linear, branched or cyclic alkoxy
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group having 1 to 20 carbon atoms; linear, branched or cyclic _continued
haloalkyl group having 1 to 20 carbon atoms; linear, branched

or cyclic alkylsilyl group having 1 to 10 carbon atoms; aryl-

silyl group having 6 to 30 ring carbon atoms; cyano group; N

halogen atom; aromatic hydrocarbon group or fused aromatic N
hydrocarbon group having 6 to 30 ring carbon atoms; or |
aromatic heterocyclic group or fused aromatic heterocyclic A
group having 2 to 30 ring carbon atoms.

[0193] Some examples of the linear, branched or cyclic
alkyl group having 1 to 20 carbon atoms; linear, branched or
cyclic alkoxy group having 1 to 20 carbon atoms; linear,
branched or cyclic haloalkyl group having 1 to 20 carbon
atoms; linear, branched or cyclic alkylsilyl group having 1 to
10 carbon atoms; arvlsilyl group having 6 to 30 ring carbon
atoms; aromatic hydrocarbon group or fused aromatic hydro-
carbon group having 6 to 30 ring carbon atoms; and aromatic
heterocyclic group or fused aromatic heterocyclic group hav-
ing 2 to 30 ring carbon atoms are the above-described groups.
The halogen atom is exemplified by a fluorine atom.

2

[0194] Examples of compounds for the biscarbazole
derivative according to this exemplary embodiment repre-
sented by the formula (1A) or (1B) are as follows:

[Chemical formula 10]

Oz
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-continued -continued
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-continued -continued

[Chemical fomula 50] g?
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-continued -continued
[Chemical formula 70]
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[Chemical fomula 90]
N
N N
N

s



Aug. 27,2015

US 2015/0243905 A1l

34

-continued

-continued

[Chemical formula 100]
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N [Chemical formula 120]
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-continued
[Chemical formula 150]

[0195] The biscarbazole derivative according to this exem-
plary embodiment represented by the formula (1A) or (1B) is
a biscarbazole derivative in which carbazole skeletons are
bonded to each other respectively at a second position and a
third position. In general, a reaction active position of carba-
zole 1s a third position, not a second position. For this reason,
synthesis of carbazole derivatives having a substituent at a
second position is more difficult than synthesis of carbazole
derivatives having a substituent at a third position, e.g., syn-
thesis of a biscarbazole derivative in which carbazole skel-
etons are bonded to each other at their third positions. In this
exemplary embodiment, these compounds are synthesized by
amethod described in examples described later in this docu-
ment.

[0196] Some examples of the green phophorescent dopant
material according to this exemplary embodiment repre-
sented by the formula (4A) are as follows:

41

[Chemical formula 160]
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Compound 3

Compound 4
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[Chemical formula 170]
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where R is not hydrogen, for example, R is an alkyl.

-continued

[Chemical formula 180]

[Chemical formula 190]
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[Chemical formula 200]
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As mentioned above, the biscarbazole derivative

[0197]
compounds for the second host material in the organic EL
device of this exemplary embodiment are represented by the
formula (1A") or (1B"). The formulas (1A") and (1B') are the
formulas (1A) and (1B) in which X is a single bond. Thus,
the compounds from the list of exemplary compounds for the
formulas (1A) and (1B) in which X, is a single bond are
examples of compounds represented by the formula (1A") or
(1B").

[0198] Examples of compounds for the biscarbazole
derivative as the second host material according to this exem-
plary embodiment represented by the formula (2) are as fol-
lows:

Aug. 27,2015

[Chemical formula 260]
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[0199]
embodiment may preferably contain the electron injecting/

The organic EL device according to this exemplary

transporting layer that contains the biscarbazole derivative
compound.

[0200]
embodiment may preferably contain at least one of the elec-

The organic EL device according to this exemplary

tron injecting/transporting layer and the hole blocking layer
that contains the biscarbazole derivative compound.

Aug. 27,2015

[0201] The organic EL device according to this exemplary
embodiment may preferably include the hole transporting
layer (hole injecting layer) that contains the biscarbazole
derivative compound.

[0202] Thecarbazole derivative compounds represented by
the formula (1A) or (1B) according to this exemplary embodi-
ment tends to have a smaller ionization potential (IP) than, for
instance, a biscarbazole derivative in which carbazole skel-
etons are bonded to each other at their third positions. When
the carbazole derivative according to this exemplary embodi-
ment is used as an organic-EL-device material, the carbazole
derivative is expected to have a higher hole injectivity.

[0203] Moreover, in the biscarbazole derivative, to change
a bonding position between carbazoles means to change a
conjugated system. For instance, when a biscarbazole deriva-
tive in which carbazole skeletons are bonded to each other at
their third positions is changed to the carbazole derivative
according to the exemplary embodiment of the invention in
which carbazole skeletons are bonded to each other respec-
tively at a second position and a third position, a conjugated
system is cut off to increase a singlet energy gap (SI) and
lower affinity (Af). Accordingly, it is expected that such a
change of the bonding position from the third positions to the
second and third positions enables control of electron inject-
ability into the carbazole derivative.

[0204] The invention presented in the present disclosure
provides a novel combination of one or more emitter host
materials and a phosphorescent dopant material. The one or
more emitter host material comprises one or more of biscar-
bazole derivative material having a hole transporting capabil-
ity and an electron transporting capability and exhibiting an
excellent carrier balance. The organic EL device made with
the combination of emitter host and phosphorescent dopant
materials exhibit low operational voltage and enhanced life-
time. The inventors achieved these enhancements after a dedi-
cated study. The inventors found that a compound including
two carbazolyl groups and a nitrogen-containing heterocyclic
group effectively works for optimizing a carrier balance in the
emitting layer of an organic EL device when used as a host
material in the emitter layer of the device.

[0205]
nous efficiency and lifetime of multilayered organic EL

However, as mentioned previously above, a lumi-

devices depend on a carrier balance of the entire organic EL
device. The main factors for controlling the carrier balance
are carrier transporting capability of each of the organic lay-
ers and carrier injecting capability in the interfacial region of
separate organic layers. In order to balance the carrier inject-
ing capability to neighboring layers in the emitting layer
(recombination region), it is preferable to adjust the carrier
balance by a plurality of host materials. Specifically, it is
preferable that, in addition to the first host material, the sec-
ond host material is suitably selected as a co-host in the
emitting layer. The co-host system of the combinations dis-
closed herein were found to provide such enhancements.
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[Synthesis of Host Material Compound 1H]:

[0206] A synthesis scheme of Compound 1H is shown
below.

: NH,HCl
Br Br N
NH, N NaOH
/ tBuONa
CHO

_——
toluene EtOH

ate

Br
N—
\
N
@ te
Br
—N
N\ /
N
1
N,
N
@ iate
2
Pd(dba),*P(tBu);HBF,
NaOtBu
toluene
@ ate
NZ N
X
N

@ indicates text missing or illegible when filed
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[0207] 3-bromobenzaldehydro (100 g, 54 mmol) and
aniline (50 g, 54 mmol) were added to toluene (1 L) and
heated to reflux for 8 hours. After the reaction solution was
cooled down, a solvent was concentrated under reduced pres-
sure to obtain an intermediate body 1H-1 (130 g, a yield of
93%).

[0208] Subsequently, under an argon gas atmosphere, the
intermediate body 1C-1 (130 g, 50 mmol), benzamidine
hydrochloride (152 g, 100 mmol), anhydrous ethanol (1 L),
and sodium hydroxide (42 g) were added together in sequen-
tial order, and stirred at 80 degrees C. for 16 hours. Subse-
quently, sodium-t-butoxide (20 g, 208 mmol) were further
added and heated at 80 degrees C. for 16 hours with stirring.
After the reaction solution was cooled down, a solid was
separated by filtration and washed with methanol to obtain an
intermediate body 1H-2 (67 g, a yield of 37%).

[0209] Under an argon gas atmosphere, the intermediate
body 1-4 (1.6 g. 3.9 mmol), the intermediate body 1H-2 (1.5

N A a Pd(OAC),PPhy
| Na,CO,
N N DME

ON

Pd(PPhs),
NazCOg

Br

toluene

e
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£, 3.9 mmol), tris(dibenzylideneacetone)dipalladium (0.071
g, 0.078 mmol), tri-t-butylphosphonium tetrafluoroborate
(0.091 g, 0.31 mmol), sodium t-butoxide (0.53 g, 5.5 mmol),
and anhydrous toluene (20 mL) were sequentially mixed, and
heated to reflux for 8 hours.
[0210] After the reaction solution was cooled down to the
room temperature, an organic layer was removed and an
organic solvent was distilled away under reduced pressure.
The obtained residue was refined by silica-gel column chro-
matography, whereby a compound 1H (2.3 g, a yield of 82%)
was obtained.
[0211] FD-MS analysis consequently showed that m/e
was equal to 715 while a calculated molecular weight
was 715.

[Synthesis of Host Material Compound 2H]:

[0212]
below.

A synthesis scheme of the compound 2H is shown

i
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[0213] Under a nitrogen atmosphere, trichloropyrimidine
(10 g, 54.5 mmol), phenylboronic acid (13.3 g, 109 mmol),
palladium acetate (0.3 g, 1.37 mmol), triphenylphosphine
(0.72 g,2.73 mmol), dimethoxyethane (150 mL) and an aque-
ous solution of 2M sodium carbonate (170 mL) were added
together in sequential order, and heated to reflux for 8 hours.

[0214] After the reaction solution was cooled down to the
room temperature, an organic layer was removed and an
organic solvent was distilled away under reduced pressure.
The obtained residue was refined by silica-gel column chro-
matography, whereby an intermediate body 2H-1 (9.2 g, a
vield of 63%) was obtained

[0215] Under a nitrogen atmosphere, 2-nitro-1,4-dibro-
mobenzene (11.2 g, 40 mmol), phenylboronic acid (4.9 g, 40
mmol), tetrakis(triphenylphosphine)palladium (1.39 g, 1.2
mmol), toluene (120 mL) and an aqueous solution of 2M
sodium carbonate (60 mL) were added together in sequential
order, and heated to reflux for 8 hours.

[0216] After the reaction solution was cooled down to the
room temperature, an organic layer was removed and an
organic solvent was distilled away under reduced pressure.
The obtained residue was refined by silica-gel column chro-
matography, whereby an intermediate body 2H-2 (6.6 g, a
vield of 59%) was obtained.

[0217] Subsequently, under an argon gas atmosphere, the
intermediate body 7-2 (6.6 g, 23.7 mmol), triphenylphos-
phine (15.6 g, 59.3 mmol), and o-dichlorobenzene (24 mL.)
were added together in sequential order, and heated to reflux
at 180 degrees C. for 8 hours.

[0218] After cooled down to the room temperature, the
reaction solution was refined by silica-gel column chroma-
tography, whereby an intermediate body 2H-3 (4 g, a yield of
68%) was obtained.

[0219] Underanitrogen atmosphere, the intermediate body
2H-3 (4 g, 16 mmol), N-phenylcarbazolyl-3-boronic acid (5.1
2, 17.8 mmol), tetrakis(triphenylphosphine)palladium (0.56
g, 0.48 mmol), toluene (50 mL) and an aqueous solution of
2M sodium carbonate (24 mL) were added together in
sequential order, and heated to reflux for 8 hours.

[0220] After the reaction solution was cooled down to the
room temperature, an organic layer was removed and an
organic solvent was distilled away under reduced pressure.
The obtained residue was refined by silica-gel column chro-
matography, whereby an intermediate body 2H-4 (3.2 g, a
vield of 49%) was obtained.

[0221] Under an argon gas atmosphere, the intermediate
body 2H-4 (1.6 g, 3.9 mmol), the intermediate body 2H-1 (1.0
2, 3.9 mmol), tris(dibenzylideneacetone)dipalladium (0.071
g, 0.078 mmol), tri-t-butylphosphonium tetrafluoroborate
(0.091 g, 0.31 mmol), sodium t-butoxide (0.53 g, 5.5 mmol),
and anhydrous toluene (20 mL) were sequentially mixed, and
heated to reflux for 8 hours.

[0222] After the reaction solution was cooled down to the
room temperature, an organic layer was removed and an
organic solvent was distilled away under reduced pressure.
The obtained residue was refined by silica-gel column chro-
matography, whereby a compound 2H (2.4 g, a yield of 95%)
was obtained.
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[0223] FD-MS analysis consequently showed that m/e was
equal to 638 while a calculated molecular weight was 638.

[Synthesis of the Host Material Compound 3H]:

[0224]
below.

9

A synthesis scheme of the Compound 3H is shown

(

0
B(OH),

>

Pd(PPh3)4
N3.2C03
DME/Toluene

1
N

O
O

(3

()

N
(0) Intermediate
body 3H-2
Q Cul-cyclohexenediamine
K;3PO,
Br dioxane
Intermediate
body 3H-1
O 0]
N
N
Compound 3H
[0225] Under an argon atmosphere, toluene (150 mlL),

dimethoxyethane (150 mL), and an aqueous solution of
sodium carbonate having a concentration of 2 M (150 mL)
were added to 4-iodobromobenzene (28.3 g, 100.0 mmol),
dibenzofuran-4-boronic acid (22.3 g, 105 mmol), and tetrakis
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(triphenylphosphine)palladium(0) (2.31 g, 2.00 mmol), and
then the mixture was heated for 10 hours while being
refluxed.

[0226] Immediately after the completion of the reaction,
the resultant was filtrated, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, an intermediate body
3H-1 (26.2 g, 81% yield) was obtained. FD-MS (field des-
orption mass spectrometry) analysis confirmed that the inter-
mediate had a ratio m/e of 322 with respect to its molecular
weight, i.e., 322.

[0227] Under an argon atmosphere, the intermediate body
3H-1 (236 g, 7.3 mmol), an intermediate body 3H-2 (3.0 g,
7.3 mmol), Cut (1.4 g, 7.3 mmol), tripotassium phosphate
(2.3 g, 11 mmol), anhydrous dioxane (30 mL), and cyclohex-
anediamine (0.84 g, 7.3 mmol) were loaded in the stated order
into a three-necked flask, and were then stirred at 100° C. for
8 hours.

[0228] Water was added to the reaction liquid to precipitate
a solid, and then the solid was washed with hexane and then
with methanol. Further, the resultant solid was purified by
silica gel column chromatography. Thus, a compound 3H (2.9
g, 60% yield) was obtained. The result of FD-MS analysis
confirmed that the compound had a ratio m/e of 650 with
respect to its molecular weight, i.e., 650.

[Example Synthesis Information for the Phosphorescent
Compound 4B]:

[0229] Thephosphorescent dopant Compound 4B was syn-
thesized as follows:

Br
AN
.
N
B
Br no” on

Synthesis of 2-phenyl-5-bromopyridine

Br
Pd(PPhg)y AN
K»C0;
—_—
DME N

water

[0230] A mixture is prepared of 2,5-dibromopyridine (10 g,
42.21 mmol), phenylboronic acid (5.1 g, 42.21 mmol), and
potassium carbonate (11.7 g, 84.42 mmol) in 100 mL
dimethoxyethane and 40 mL of water. Nitrogen is bubbled
directly into the mixture for 30 minutes. Next, tetrakis(triph-
enylphosphine)palladium(0) was added (244 mg, 2.11 mmol)
and the mixture is heated to reflux under nitrogen overnight.
The mixture is cooled and diluted with ethyl acetate and
water. The layers are separated and the aqueous layer is
extracted with ethyl acetate. The organic layers are washed
with brine, dried over magnesium sulfate, filtered, and evapo-
rated to a residue. The residue is purified by column chroma-
tography eluting with 0, 2, and 5% ethyl acetate/hexanes.
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Pd(dppf)Cly*CH,Cly
KOAc

dloxane

Synthesis of 2-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine

[0231] A mixture is prepared of 2-phenyl-4-bromopyridine
(4.28 g, 18.28 mmol), bis(pinacolato)diboron (9.29 g, 36.57
2, 54.84 mmol) in 100

mL of dioxane. Nitrogen is bubbled directly into the mixture

mmol), and potassium acetate (5.38

for 30 minutes. Dichloro[1,1'-ferrocenylbis(diphenylphos-
phine)[palladium(II) dichloromethane (448 mg, 0.55 mmol)
is added. The reaction mixture is heated to 90° C. internally
for 3 h. The solvent is evaporated to an oil. The oil was
purified by Kugelrohr to remove excess bis(pinacolato)dibo-
ron. The residue left in the boiling pot is dissolved in ethyl
acetate and filtered through magnesium sulfate, rinsed with
ethyl acetate, and the filtrate is evaporated. The product can be

used without purification in the next step.
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[0232] Synthesis of Boronic Ester Precursor.
[0233] A mixture is prepared of the triflate (4.6 g, 7.11
mmol) and 2-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-diox-

aborolan-2yl)pyridine (4 g, 14.23 mmol) in 100 mL of etha-
nol. The mixture is heated at reflux for 24 h under nitrogen.
The solvent is evaporated and hexanes is added. A sold is
filtered off which is washed with hexanes. The solid is puri-
fied by column chromatography eluting with dichlo-
romethane and later some methanol is added.

O\B/O
™ )
PA N *
NS
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-continued

P O
Pdydbas, O/Meo OMe
Br ‘

K3PO4
toluene/water

A

[0234] Synthesis of Compound 4B.

[0235] The boronic ester precursor (0.92 g, 1.18 mmol),
bromobenzene (0.6 g, 3.54 mmol), 2-dicyclohexylphos-
phino-2',6'-dimethoxybiphenyl (19 mg, 0.047 mmol), and
potassium phosphate tribasic (0.82 g, 3.54 mmol) are mixed
in 50 mL of tolune and 5 mL of water. Nitrogen is bubbled
directly into the mixture for 30 minutes after which tris
(dibenzylideneacetone)dipalladium(0) (11 mg, 0.0118
mmol) is added. Nitrogen is bubbled for another 5 minutes
then the reaction mixture is heated to reflux for 1 h under
nitrogen. The mixture is cooled and an orange solid formed.
The solid is filtered off and washed with hexanes followed by
methanol. The solid is purified by column chromatography
eluting with 50% dichloromethane/hexanes.

[0236] The green phosphorescent dopant Compound 4B
was synthesized in an alternative method as follows:

Br
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-continued

I P

H:CO \%
O OCH,
Pds(dba);
K3PO,
B
HO/ \OH

Toluene
water

O~

Synthesis of 2,5-diphenylpyridine

[0237] 2.5-dibromopyridine (10 g, 42 mmol), phenylbo-
ronic acid (13.4 g, 110 mmol), dicyclohexyl(2',6'-dimethoxy-
biphenyl-2-yl)phosphine (S-Phos) (0.7 g, 1.6 mmol), and
potassium phosphate (22 g, 105 mmol) were mixed in 200mL
of toluene and 20 mL of water. Nitrogen is bubbled directly
into the mixture for 30 minutes. Next, Pd,(dba), was added
(0.38 g, 0.4 mmol) and the mixture was heated to reflux under
nitrogen for 2 h. The mixture was cooled and the organic layer
was separated. The organic layers are washed with brine,
dried over magnesium sulfate, filtered, and evaporated to a
residue. The residue was purified by column chromatography
eluting with 10% ethyl acetate/hexanes. 7 g of desired prod-
uct was obtained after purification. (91.8% yield).

X

\

N
/

Ethanol
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-continued
_| Y |~ | _| N |
/N N\ /N
N \,
Reliejl
Compound 2 (3.1%)
(91.8%)
| N
A
™0
N AN
N A
N
~ ]
(4.9%)

[0238] Synthesis of Compound 4B.

[0239] The iridium triflate precursor (2.5 g, 3.5 mmol) and
2,5-diphenylpyridine (2.4 g, 11 mmol) were mixed in 200 mL
of ethanol. The mixture was heated at reflux for 24 h under
nitrogen. Precipitate formed during reflux. The reaction mix-
ture was filtered through a celite bed. The product was washed
with methanol and hexanes. The solid was dissolved in
dichloromethane and purified by column using 1:1 of dichlo-
romethane and hexanes. 1.2 g of pure product was obtained
after the column purification. (HPLC purity: 99.8%)

[Device Datal

[0240] Theinvention will be describedin further detail with
reference to some example devices and reference devices.
However, the invention is not limited by the description of the
examples.

[0241] The compounds including 1H, 2H, 3H and 4B are
described above. Other compounds used in the examples are
shown as follows.
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Compound HT-1

Compound HT-2

Compound ET-1

Compound HI-1
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[Manufacture of Organic EL Device Having Single
Host—FExample Device #1]

[0242] A glass substrate (size: 25 mmx75 mmx1.1 mm)
having an ITO transparent electrode (anode) of 130 nm in
thickness (manufactured by Geomatec Co., Ltd.) was ultra-
sonic-cleaned in isopropyl alcohol for five minutes, and then
UV (Ultraviolet)/ozone-cleaned for 30 minutes. After the
glass substrate having the transparent electrode was cleaned,
the glass substrate was mounted on a substrate holder of a
vacuum deposition apparatus.

[0243] Aholeinjection layer was initially formed by vapor-
depositing a 20 nm thick Compound HI-1 to cover the surface
of the glass substrate where a transparent electrode line was
provided so as to cover the transparent electrode. A hole
transporting layer was formed by sequentially vapor-depos-
iting a 30 nm thick Compound HT-1 and 20 nm thick Com-
pound HT-2 over the electron blocking layer.

[0244] A phosphorescence-emitting layer was obtained by
co-depositing the Compound 1H used as a phosphorescent
host material and Compound 4B used as a phosphorescent
dopant material (green phosporescent emitter) onto the hole
transporting layer (HT-2) in a thickness of 40 nm. The con-
centration of Compound 4B was 10 mass % and the concen-
tration of the host material was set at 90% mass %.

[0245] Subsequently, a 30 nm thick electron transporting
layer was formed by vapor-depositing Compound ET-1. A 1
nm thick LiF layer and a 80 nm thick metal Al layer were
sequentially formed to obtain a cathode. A LiF layer, which is
an electron injectable electrode, was formed at a speed of 1

A/min.

[Manufacture of Organic EL Device Having Single
Host—FExample Device #2]

[0246] The Example Device #2 was prepared in the same
manner as Example Device #1 except that Compound 2H was
used as the phosphorescent host material instead of Com-
pound 1H.

[Manufacture of Organic EL Device Having Single
Host—Reference Device #1]

[0247] The Reference Device #1 was prepared in the same
manner as Example Device #1 except that CBP (4,4'-bis(N-
carbazolyl)biphenyl) was use as the phosphorescent host
material instead of Compound 1H.

[Manufacture of Organic EL Device Having Single
Host—Reference Device #2]

[0248] The Reference Device #2 was prepared in the same
manner as Example Device #1 except that Ir(ppy); was use as
the phosphorescent dopant material instead of Compound
4B.

[Manufacture of Organic EL Device Having Single
Host—Reference Device #3]

[0249] The Reference Device #3 was prepared in the same
manner as Example Device #2 except that Ir(ppy); was use as
the phosphorescent dopant material instead of Compound
4B.
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[Manufacture of Organic EL Device Having Single
Host—Reference Device #4]

[0250] The Reference Device #4 was prepared in the same
manner as Reference Device #1 except that Ir(ppy), was use
as the phosphorescent dopant material instead of Compound
4B.

[Manufacture of Organic EL  Device Having

Co-Host—Example Device #3]

[0251] A glass substrate (size: 25 mmx75 mmx1.1 mm)
having a 130 nm thick ITO transparent electrode (manufac-
tured by Geomatec Co., Ltd.) was ultrasonic-cleaned in iso-
propyl alcohol for five minutes, and then UV (Ultraviolet)/
ozone-cleaned for 30 minutes. After the glass substrate
having the transparent electrode was cleaned, the glass sub-
strate was mounted on a substrate holder of a vacuum depo-
sition apparatus.

[0252] Aholeinjection layer was initially formed by vapor-
depositing a 20 nm thick Compound HI-1 to cover the surface
of the glass substrate where a transparent electrode line was
provided so as to cover the transparent electrode. A hole
transporting layer was formed by sequentially vapor-depos-
iting a 30 nm thick Compound HT-1 and 20 nm thick Com-
pound HT-2 over the electron blocking layer.

[0253] A phosphorescence-emitting layer was obtained by
co-depositing the Compounds 1H and 2H used as phospho-
rescent co-host materials and Compound 4B used as a phos-
phorescent dopant material (green emitter) onto the hole
transporting layer (HT-2) in a thickness of 40 nm. The con-
centration of Compound 4B was 10 mass % and the concen-
tration of the co-host compounds 1H and 2H were 45 mass %
each.

[0254] Subsequently. a 30 nm thick electron transporting
layer was formed by vapor-depositing of Compound ET-1. A
1 nm thick LiF layer and a 80 nm thick metal Al layer were
sequentially formed to obtain a cathode. A LiF layer, which is
an electron injectable electrode, was formed at a speed of 1
A/min.

[Manufacture of Organic EL  Device

Co-Hosts—FExample Device #4]

Having

[0255] The Example Device #4 was prepared in the same
manner as Example Device #3 except that Compounds 1H
and 3H were used as the phosphorescent co-host materials.

[Manufacture of Organic EL  Device

Co-Hosts—Reference Device #5]

Having

[0256] The Reference Device #5 was prepared in the same
manner as Example Device #3 except that Compounds 1H
and CBP were used as the phosphorescent co-host materials.

[Manufacture of Organic EL  Device Having

Co-Hosts—Reference Device #6]

[0257] The Reference Device #6 was prepared in the same
manner as Example Device #3 except that Ir(ppy), was used
as the phosphorescent dopant material instead of Compound
4B.



US 2015/0243905 A1l

[Manufacture ~ of Organic EL  Device

Co-Hosts—Reference Device #7]

[0258] The Reference Device #7 was prepared in the same
manner as Example Device #4 except that Ir(ppy); was used
as the phosphorescent dopant material instead of Compound
4B.

Having

[Manufacture  of Organic EL  Device

Co-Hosts—Reference Device #8]

[0259] The Reference Device #8 was prepared in the same
manner as Reference Device #5 except that Ir(ppy); was used
as the phosphorescent dopant material instead of Compound
4B.

Having

[Sample Devices|]

[0260] Table 1 shows the organic compounds used for the
emitter dopant material and the emitter host materials in the
manufacture of the Example Devices and Reference Devices
evaluated by the inventors.
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cence (L) and the voltage (V) were measured. Spectral-radi-
ance spectrum was measured using a spectroradiometer (CS-
1000 manufactured by Konica Minolta Holdings, Inc.). Using
the measured values, the current efficiency (I/J), luminous
efficiency 1 (Im/W) and external quantum efficiency (EQE)
where obtained. External quantum efficiency (EQE) was cal-
culated from the obtained spectrum-radiance spectrum,
assuming that Lambertian radiation was carried out. The
devices were driven at constant current with the intial lumi-
nance intensity of 10,000 cd/m?, and time (LT95) elapsed
until the luminance intentisuty was decreased to 95% was
obtained. The results are shown in Tables 2 and 3.

[0262] Table 2 shows the performance parameters of the
single-host devices, Example Devices #1 and #2 in compari-
son to the Reference Devices #1 to #4. The data compares the
performance of the combinations of the phosphorescent
Compound 4B with the host Compounds 1H and 2H against
the performance of the combination of materials in the Ref-
erence Devices.

TABLE 2

Single host devices

Current LT95 @
Sample Density ~ Volt. Luminance L3 n EQE CIE Ap 10,000 cd/m?
Device (mA/em?) (V) (cd/m?) (cd/A) ImW) (%) x y  (um) (hrs)
Example 1 2.94 731 731 780 207 0433 0557 546 260
Device #1 10 3.87 6657 66.6  S41 18.8 0432 0558 546
Example 1 3.00 593 593 622 169 0434 0555 546 550
Device #2 10 4.04 5503 550 428 157 0434 0556 546
Reference 1 4.37 208 208 150 5.8 0429 0560 546 30
Device #1 10 5.79 3874 387 210 109 0430 0559 546
Reference 1 3.02 522 522 543 148 0352 0602 521 20
Device #2 10 4.03 4334 433 338 123 0348 0602 520
Reference 1 3.0 525 525 540 146 0331 0616 519 60
Device #3 10 412 4774 477 364 133 0331 0616 519
Reference 1 4.55 77 7.7 53 22 0320 0616 516 30
Device #4 10 6.15 1336 134 68 3.8 024 0614 517
TABLE 1 [0263] Comparing the Example Device #1 and the Refer-
ence Device #2, the combination of the host material Com-
Devices Emitter Dopant Emitter Host 1 Emitter Host 2 pound 1H and the green phosphorescent dopant Compound
, ) 4B in Example Device #1 resulted in lower voltage, longer
Single THost devices lifetime, higher I./J and external quantum efficiency (EQE)
Example Device #1  Compound 4B Compound 1H — than the combination of host material Compound 1H and
Example Device#2  Compound 4B Compound 2H  — phosphorescent dopant Ir(ppy)3 of theReference Device #2 at
Reference Device #1  Compound 4B CBP — 1 mA/em® and at 10 mA/cm?.
Reference Device #2  Ir(ppy)s Compound 1H -~ — [0264] Similarly, the combination of the host material
Eeference Device #3 Ir(ppy)s Compound 21 — Compound 2H and the phosphorescent dopant Compound 4B
eference Device #4  Ir(ppy)s CBP — X N R R
Co-host devices in Example Device #2 resulted in lower voltage, longer life-
time, higher [/] and EQE than the combination of the host
Example Device#3  Compound 4B Compound 1H  Compound 2H material Compound 2H and phosphorescent dopant Ir(ppy)
Example Device #4  Compound 4B Compound 1H  Compound 3H of the Reference Device #3 at 1 mA/cm? and at 10 mA/cm
Reference Device #5  Compound 4B Compound 1H - CBP The data in Table 2 show that the phosphorescent Compound
Reference Device 6 Ir(ppy)s Compound LI Compound 2H 4B has lower voltage, longer lifetime, higher L/J, and EQE
Reference Device #7  Ir(ppy)s Compound 1H  Compound 3H i
Reference Device #8  Ir(ppy)s Compound 1H CBP than Ir (ppy )3'

[Evaluation of Sample Devices]

[0261] The example organic EL devices manufactured as
Example Devices #1 to #4 and Reference Devices #1 to #8
were driven by direct-current electricity of 1 or 10 mA/cm? to
emit light. The emission chromaticity (CIE), the lumines-

[0265] Thus, the phosphorescent Compound 4B as an emit-
ter and Compounds 1H or 2H as a host material in the emitter
region produces more efficient luminance and electrochemi-
cally longer lasting than conventional materials, such as
Ir(ppy); and CBP, in PHOLED devices.

[0266] Table 3 shows the performance parameters of the
co-host devices, Example Devices #3 and #4 and the Refer-
ence Devices #5 to #8. The data compares the performance of
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the phosphorescent Compound 4B in combination with co-
host systems, Compound 1H & 2H and Compound 1H & 3H
against the performance of the combination of materials in the
Reference Devices #5 to #8.

[0267] Comparing the Example Device #3 and the Refer-
ence Device #6, the combination of the phosphorescent Com-
pound 4B with co-host Compounds 1H & 2H resulted in
lower voltage, longer lifetime, higher 1./J, and EQE than the
combination of the phosphorescent dopant Ir(ppy), with the
co-host Compounds 1H & 2H at 1 mA/em® and at 10
mA/cm?,

[0268] Comparing the Example Device #4 and the Refer-
ence Device #7, the combination of the phosphorescent Com-
pound 4B with co-host Compounds 1H & 3H resulted in
lower voltage, longer lifetime, higher /], and EQE than the
combination of the phosphorescent Ir(ppy); with the co-host
Compounds 1H & 3H at at 1 mA/cm” and at 10 mA/cm?.

TABLE 3
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pounds with a different phosphorescent dopant (e.g. Ir(ppy);)
or the phosphorescent dopant compound of formula 4A with
different host compounds (e.g. CBP).

[0271] The inventors believe that the combinations of the
green phosphorescent compound of the formula 4B with the
host material compound of the formula 1H, 2H, or 3H
enhance device performance by improving charge balance
and recombination. The device data discussed above show
that the host material compound of the formula 2H with
phosphorescent Compound 4B is superior to the Reference
Device examples in terms of voltage, luminous efficacy and
lifetime.

[0272] According to another aspect of the present disclo-
sure, the scope of the invention described herein includes a
lighting apparatus and/or display apparatus that incorporates
one or more of the various embodiments of the organic elec-
troluminescence devices described herein. Some examples of

Co-host devices

Current LT95 @
Sample Density ~ Volt. Luminance L1 n EQE CIE Ap 10,000 ed/im?®
Device (mA/em) (V) (cd/m?) (cd/A) (Im/W) (%) vy (hrs) (hs)
Example 1 291 596 59.6 64.4 16.7 0.428 0.561 545 770
Device #3 10 3.96 5533 55.3 43.9 155 0.428 0562 545
Example 1 3.02 617 11.7 64.2 17.5 0.433 0557 545 550
Device #4 10 4.14 5785 57.9 43.9 164 0.432 0557 545
Reference 1 3.04 697 69.7 72 19.7 0.432 0.558 545 210
Device #5 10 4.15 6299 63.0 47.7 17.8 0.431 0.559 545
Reference 1 3.00 459 45.9 48.1 128 0.339 0.612 520 50
Device #6 10 4.08 4123 41.2 31.7 11.5 0.337 0.613 520
Reference 1 3.47 459 45.9 41.6 13.0 0.345 0.606 519 50
Device #7 10 4.70 4177 41.8 27.9 11.8 0.343 0.607 519
Reference 1 3.37 539 53.9 50.3 152 0.342 0.608 519 50
Device #8 10 4.55 4666 46.7 322 13.2 0.340 0.607 519
[0269] The Tables 3 and 4 also show the LT95 data of the such display apparatus are television screens, computer dis-

Example Devices #1, #2, #3, and #4 and the Reference
Devices #1, #2, #3, #4, #5, #6, #7, and #8. The Example
devices exhibit longer lifetime than the Reference devices.
And among the Example devices that comprise the host and
dopant material combinations according to the present dis-
closure, the co-host Example Devices #3 and 4 have longer
lifetime than the single host Example Devices #1 and #2. For
example, the Example Device #3 having a combination of 4B
as emitter and 1H & 2H as co-hosts showed significantly
longer lifetime than either the Example Device #1 (having
combination of 4B and 1H) or the Example Device #2 (having
combination of 4B and 1H). The Example Device #4 having
a combination of 4B as emitter and 1H & 3H as co-hosts
showed significantly longer lifetime than either the Example
Device #1 (having combination of 4B and 1H). As discussed
above, the inventors believe that this is because the co-host
material combinations disclosed herein improves the carrier
injecting capability to neighboring layers in the emitting layer
(recombination region).

[0270] The above device data show that when the biscarba-
zole derivative compounds of the present disclosure are used,
either as a single host or paired as co-hosts, in combination
with the phosphorescent material of the family represented by
compound formula 4A in a PHOLED, those combinations
perform superior to PHOLED devices made from material
combinations that contain the biscarbazole derivative com-

play screens, mobile phone display screens, billboard
screens, etc.

What is claimed is:

1. An organic electroluminescence device comprising:

a cathode; an anode; and a plurality of organic thin-film
layers provided between the cathode and the anode, the
plurality of organic thin-film layers comprising an emit-
ting layer, wherein

at least one of the organic thin-film layers is the emitting
layer comprising a green phosphorescent dopant mate-
rial and a host material that is a biscarbazole derivative
compound represented by a formula (1A) or (1B) below:

Y
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-continued

(B)

(Ya)g

wherein A | represents a substituted or unsubstituted nitrogen-
containing heterocyclic group having 1 to 30 carbon atoms
forming a ring;

A, represents a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, or
substituted or unsubstituted nitrogen-containing hetero-
cyclic group having 1 to 30 ring carbon atorns;

X, and X, each are a linking group and independently
represent a single bond, substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
substituted or unsubstituted aromatic heterocyclic group
having 2 to 30 ring carbon atoms, or substituted or
unsubstituted fused aromatic heterocyclic group having
2 to 30 ring carbon atoms;

Y, toY, independently represent a hydrogen atom, fluorine
atom, cyano group, substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, substituted or unsub-
stituted alkoxy group having 1 to 20 carbon atoms, sub-
stituted or unsubstituted haloalkyl group having 1 to 20
carbon atoms, substituted or unsubstituted haloalkoxy
group having 1 to 20 carbon atoms, substituted or unsub-
stituted alkylsilyl having 1 to 10 carbon atoms, substi-
tuted or unsubstituted arylsilyl having 6 to 30 carbon
atoms, substituted or unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted
or unsubstituted fused aromatic hydrocarbon group hav-
ing 6 to 30 ring carbon atoms, substituted or unsubsti-
tuted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aro-
matic heterocyclic group having 2 to 30 ring carbon
atoms;

adjacent ones of Y, to Y, are allowed to be bonded to each
other to form a ring structure;

p and q represent an integer of 1 to 4; r and s represent an
integer of 1 to 3; and

when p and g are an integer of 2 to 4 and r and s are an integer
of2to 3, aplurality of Y, to Y, are allowed to be the same or
different;

wherein the green phosphorescent dopant material is a
phosphorescent organometallic complex having a
chemical structure represented by

LLL'"M
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wherein M is a metal that forms octahedral complexes, L, L,
and L" are equivalent or inequivalent bidentate ligands
wherein each L. comprises a substituted or unsubstituted phe-
nylpyridine ligand coordinated to M through an sp2 hybrid-
ized carbon and N; and, one of L, L' and L" is different from
at least one of the other two.

2. The device of claim 1, wherein A is selected from the
group consisting of a substituted or unsubstituted pyridine
ring, substituted or unsubstituted pyrimidine ring and substi-
tuted or unsubstituted triazine ring.

3. The device of claim 1, wherein A, is selected from a
substituted or unsubstituted pyrimidine ring or substituted or
unsubstituted triazine ring.

4. The device of claim 1, wherein A, is a substituted or
unsubstituted pyrimidine ring.

5. The device of claim 1, wherein A, is a substituted or
unsubstituted quinazoline ring.

6. The device of claim 1, wherein X, or X, is para phe-
nylene or meta phenylene.

7. The device of claim 1, wherein the green phosphorescent
dopant material has the formula:

R\ N
Wiy
N

=

(Ar")y—— | |

N

R

_ /R
~
~
”/\j—w”)g
/N /

X

(AF"),

/A

R

wherein each R is independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF,,
C,F,,. . trifluorovinyl, CO,R, C(O)R, NR,, NO,, OR, halo,
aryl, heteroaryl, substituted aryl, substituted heteroaryl or a
heterocyclic group;

Ar', Ar", Ar'" and Ar'"™ each independently represent a sub-
stituted or unsubstituted aryl or heteroaryl unfused substitu-
ent on the phenylpyridine ligand;

aisOorl;
bisOorl;
cisOorl;
disOorl;
mis1or2
nislor2

m+n is the maximum number of ligands that can be coordi-
nated to M,

wherein at least one of a, b, ¢, and d is 1 and when at least one
ofaand b is 1 and at least one of b and ¢ is 1, at least one of
Ar' and Ar" 1s different from at least one of Ar"™ and Ar"".



US 2015/0243905 A1l
60

8. The device of claim 1, wherein the green phosphorescent
dopant material is a compound represented by the formula:

\

9. The device of claim 8, wherein the host material is a
biscarbazole derivative compound represented by a formula
1H or 2H shown below:

(1H)

(2H)

10. An organic electroluminescence device, comprising: a
cathode; an anode; and a plurality of organic thin-film layers
provided between the cathode and the anode, the plurality of
organic thin-film layers comprising at least an emitting layer
comprising:

a first host material;
a second host material; and

a green phosphorescent dopant material,

Aug. 27,2015

wherein the first host material is a biscarbazole deriva-
tive compound represented by a formula (1A) or (1B)
below:

a4

X
(YZ)q

wherein A | represents a substituted or unsubstituted nitrogen-
containing heterocyclic group having 1 to 30 carbon atoms
forming a ring;

A, represents a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, or
substituted or unsubstituted nitrogen-containing hetero-
cyclic group having 1 to 30 ring carbon atoms;

X, is alinking group and independently represent, a single
bond, substituted or unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted
or unsubstituted fused aromatic hydrocarbon group hav-
ing 6 to 30 ring carbon atoms, substituted or unsubsti-
tuted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aro-
matic heterocyclic group having 2 to 30 ring carbon
atoms,

X, 1s alinking group and independently represent, a single
bond substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted fused aromatic hydrocarbon group having
6 to 30 ring carbon atoms, substituted or unsubstituted
aromatic heterocyclic group having 2 to 30 ring carbon
atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

Y, toY,independently represent a hydrogen atom, fluorine
atom, cyano group, substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, substituted or unsub-
stituted alkoxy group having 1 to 20 carbon atoms, sub-
stituted or unsubstituted haloalkyl group having 1 to 20
carbon atoms, substituted or unsubstituted haloalkoxy
group having 1 to 20 carbon atoms, substituted or unsub-
stituted alkylsilyl having 1 to 10 carbon atoms, substi-
tuted or unsubstituted arylsilyl having 6 to 30 carbon
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atoms, substituted or unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, substituted
or unsubstituted fused aromatic hydrocarbon group hav-
ing 6 to 30 ring carbon atoms, substituted or unsubsti-
tuted aromatic heterocyclic group having 2 to 30 ring
carbon atoms, or substituted or unsubstituted fused aro-
matic heterocyclic group having 2 to 30 ring carbon
atoms;

adjacent ones of Y, to Y, are allowed to be bonded to each
other to form a ring structure;

p and q represent an integer of 1 to 4; r and s represent an
integer of 1 to 3; and

when p and q are an integer of 2 to 4 and r and s are an
integer of2 to 3, a plurality of Y, to'Y,, are allowed to be
the same or different;

wherein the second host material is represented by a for-
mula (1A"), (1B") or (2) below:

(1A)

wherein A,' represents a substituted or unsubstituted nitro-
gen-containing heterocyclic group having 1 to 30 carbon
atoms forming a ring;

A, represents a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, or
substituted or unsubstituted nitrogen-containing hetero-
cyclic group having 1 to 30 ring carbon atoms;

X' is a linking group and independently represent, single
bond substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted fused aromatic hydrocarbon group having
6 to 30 ring carbon atoms, substituted or unsubstituted
aromatic heterocyclic group having 2 to 30 ring carbon
atoms, or substituted or unsubstituted fused aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

Y,'toY,' independently represent a hydrogen atom, fluo-
rine atom, cyano group, substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, substituted or

61

Aug. 27,2015

unsubstituted alkoxy group having I to 20 carbon atoms,
substituted or unsubstituted haloalkyl group having 1 to
20 carbon atoms, substituted or unsubstituted
haloalkoxy group having 1 to 20 carbon atoms, substi-
tuted or unsubstituted alkylsilyl having 1 to 10 carbon
atoms, substituted or unsubstituted arylsilyl having 6 to
30 carbon atoms, substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
substituted or unsubstituted fused aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to
30 ring carbon atoms, or substituted or unsubstituted
fused aromatic heterocyclic group having 2 to 30 ring
carbon atoms;

adjacent ones of'Y," to Y., are allowed to be bonded to each
other to form a ring structure;

p' and q' represent an integer of 1 to 4; r' and s' represent an
integer of 1 to 3; and

when p' and q' are an integer of 2 to 4 and r' and s' are an
integer of 2 to 3, aplurality of Y,"to Y, are allowed to be
the same or different;

N—I2—FA
NSS

(=

where R? independently represents a hydrogen atom, a halo-
gen atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

p" and q" are independently an integer of 0 to 4;

a plurality of R? are mutually the same or different;

adjacent groups of R* are allowed to bond with each other
to form a ring;

L2 represents a single bond or a linking group, the linking
group being one or a combination of a substituted or
unsubstituted aryl group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted heterocyclic group
having 5 to 30 ring atoms, and a cycloalkyl group having
5 to 30 ring carbon atoms; and

FA represents a substituted or unsubstituted fused aromatic
cyclic group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted fused aromatic heterocyclic
group having 5 to 30 ring atoms; and

wherein the green phosphorescent dopant material is a
phosphorescent organometallic complex having a
chemical structure represented by

LLL'™M



US 2015/0243905 A1l

wherein M is a metal that forms octahedral complexes, L, L,
and L" are equivalent or inequivalent bidentate ligands
wherein each L comprises a substituted or unsubstituted phe-
nylpyridine ligand coordinated to M through an sp2 hybrid-
ized carbon and N; and, one of L, L' and L" is different from
at least one of the other two.

11. The device of claim 10, wherein

A, orA|'is selected from the group consisting of a substi-
tuted or unsubstituted pyridine ring, substituted or
unsubstituted pyrimidine ring and substituted or unsub-
stituted triazine ring.

12. The device of ¢laim 10, wherein

A, or A" is selected from a substituted or unsubstituted
pyrimidine ring or substituted or unsubstituted triazine
ring.

13. The device of claim 10, wherein A| or A," is a substi-
tuted or unsubstituted pyrimidine ring.

14. The device of claim 10, wherein A, or A, is a substi-
tuted or unsubstituted quinazoline ring.

15. The device of claim 10, wherein X, or X, is para
phenylene or meta phenylene.

16. The device of claim 10, wherein the second host mate-
rial is represented by the formula (2) in which FA is repre-
sented by any one of the formulas (2-1) to (2-4),

(2-1)

(2-3)

(2-4)

wherein R* and R* represent the same as R? of the formula
@
one of R? is a single bond to bond with L? in the formula
(2);and

rand s are an integer of 0 to 4.
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17. The device of claim 10, wherein the green phosphores-
cent dopant material has the formula:
o

R\ ] B /R
(Ar’)a_r/w (\L(Aﬂ”)c
\ N\ ’,N /
PN

7 X

| | e

X /A

R R

— —m — —In

wherein each R is independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF;,
CF,, .. trifluorovinyl, CO,R, C(O)R, NR,, NO,, OR, halo,
aryl, heteroaryl, substituted aryl, substituted heteroaryl or a
heterocyclic group;

Ar', Ar", Ar'" and Ar'"™ each independently represent a sub-
stituted or unsubstituted aryl or heteroaryl unfused substitu-
ent on the phenylpyridine ligand,

aisOorl;
bisOorl;
cisOorl;
disOorl;
mis1or2
nislor2

m+n is the maximum number of ligands that can be coordi-
nated to M,

wherein at least one of a, b, ¢, and d is 1 and when at least one
ofaand b is 1 and at least one of b and ¢ is 1, at least one of
Ar' and Ar" is different from at least one of Ar'* and Ar"".

18. The device of claim 10, wherein the green phosphores-
cent dopant material is a compound represented by a formula
4B below:

4B)

19. The device of claim 18, wherein the first host material
is a biscarbazole derivative compound represented by a for-
mula 1H shown below
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-continued
(1)

L
N

and N
the second host material is a compound represented by a

formula 2H or 3H below

L S S T
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