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ORGANIC LIGHT EMITTING DEVICE AND
MATERIALS FOR USE IN SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an organic light
emitting device (hereinafter abbreviated as an OLED) and
materials capable of being used in such an OLED. In particu-
lar, it relates to an OLED which comprises a light emitting
layer which emits a red 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 ahole injected 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
(see, e.g., Tang, et al., Appl. Phys. Lett. 1987, 51, 913 and
Burroughes, et al., Nature, 1990, 347,359). When a voltage is
applied across a device, the cathode effectively reduces the
adjacent organic layers (i.e., injects electrons), 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 electrodes. 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 compounds is accompanied
by radiative emission, thereby producing electrolumines-
cence.

[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. Lumines-
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
OLEDs, 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 2006/0204785; 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.

[0013] If CBP is used as a host material, energy can be
transferred to a phosphorescent dopant having a prescribed
emission wavelength, such as red, and an OLED having a
high efficiency can be obtained.

[0014] When CBP is used as a host material, the luminous
efficiency is notably enhanced by phosphorescent emission.
Conversely, CBP is known to have a very short lifetime, and
therefore it is not suitable for practical use.

[0015] Without being bound by scientific theory, it is
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.
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[0016] International Patent Application Publication WO
2005/112519 discloses a technique in which a condensed ring
derivative having a nitrogen-containing ring such as carba-
zole and the like is used as a host material for a phosphores-
cent layer showing red 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.
[0017] 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.

[0018] 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 a host 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.

[0019] Forexample, anthracene derivatives are known well
as a fluorescent host.

[0020] 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 emis-
sion 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.

[0021] Perylene derivatives, pyrene derivatives and naph-
thacene derivatives are not preferred as phosphorescent hosts
for the same reason.

[0022] 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.

[0023] 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.

[0024] 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.

[0025] 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.
[0026] Further, Japanese Patent Application Laid-Open
No. 042485/2004 discloses hydrocarbon compounds in
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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-
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.
[0027] Despite the recent discoveries of efficient heavy
metal phosphors and the resulting advancements in OLED
technology, there remains a need for even greater high tem-
perature device stability. In addition, there still remains a need
for host materials which can transfer energy to a phosphores-
cent material with high efficiency and with an extended life-
time. Fabrication of devices that have longer high tempera-
ture lifetimes will contribute to the development of new
display technologies and help realize the current goals toward
full color electronic display on flat surfaces. The OLEDs and
the host materials and phosphorescent emitter materials com-
prised in such OLEDs, described herein, help fulfill this
objective.

SUMMARY OF THE INVENTION

[0028] The OLEDs of the present invention are character-
ized by providing an organic thin film layer comprising a
single layer or plural layers between a cathode and an anode,
wherein the organic thin film layer comprises at least one
organic light emitting layer, wherein at least one light emit-
ting layer comprises at least one host material and at least one
phosphorescent emitter material, wherein the host material
comprises a substituted or unsubstituted hydrocarbon com-
pound having the chemical structure represented by the for-
mula (A-1):

(A-1)

[0029] wherein R* and R? each represent independently a
substituted or unsubstituted alkyl group having from 1 to
about 5 carbon atoms; Ar' represents a divalent residue of a
benzene ring, a naphthalene ring, a chrysene ring, a phenan-
threne ring, a benzophenanthrene ring, a dibenzophenan-
threne ring, a benzo[a]triphenylene ring, a benzochrysene
ring, a fluoranthene ring, a benzo[b]fluoranthene ring or a
picene ring; and Ar* represents a monovalent residue of a
naphthalene ring, a chrysene ring, a phenanthrene ring, a
benzophenanthrene ring, a dibenzophenanthrene ring, a
benzo[a]triphenylene ring, a benzochrysene ring, a fluoran-
thene ring, a benzo[b]fluoranthene ring or a picene ring; and
Ar' and Ar* each may have independently one or plural sub-
stituent(s) selected from the group consisting of an alkyl
group having 1 to about 3 carbon atoms, a cycloalkyl group
having about 5 to about 7 ring-forming carbon atoms, a silyl
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group having about 3 to about 12 carbon atoms, a cyano
group, a halogen atom and an aryl group having about 6 to
about 16 ring-forming carbon atoms.

[0030] Inanotherembodiment,the OLED comprises a host
material wherein Ar' is a divalent residue of a benzene ring,
and Ar? is a monovalent residue of a fluoranthene ring, and the
host material has the chemical structure represented by the
formula (A-1-42):

(A-1-42)

[0031] In one embodiment of the present invention, the
phosphorescent emitter material comprises a phosphorescent
organometallic complex having a substituted chemical struc-
ture represented by one of the following partial chemical
structures represented by the following Formulas (B-1), (B-2)
and (B-3):

(B-D

R
|\\
| AN
NN
R
7
|
N
(B-2)
(B-3)

[0032] wherein R is methyl. The phosphorescent organo-
metallic complex according to the above structure may be
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substituted with any suitable number of methyl groups. In one
embodiment, the phosphorescent organometallic complex
according to the above structure is substituted with at least
two methyl groups.

[0033] Inanother embodiment, the phosphorescent emitter
material comprises a phosphorescent organometallic com-
plex having a substituted chemical structure represented by
the following partial chemical structure (3):

/N\

@)

[0034] In another embodiment, the phosphorescent emitter
material comprises a metal complex, and the metal complex
comprises a metal atom selected from Ir, Pt, Os, Au, Cu, Re
and Ru and a ligand. In yet another embodiment the metal
complex has an ortho-metal bond. In preferred embodiments,
Ir is the metal atom.

[0035] Inanother embodiment, the phosphorescent emitter
material comprises a phosphorescent organometallic com-
pound having a substituted chemical structure represented by
the following chemical structure (4):

@)

x
/N\ Y \

O -

[0036] Inanother embodiment, the present invention com-
prises an OLED which comprises a host material which com-
prises an unsubstituted aromatic hydrocarbon compound
having the chemical structure represented by the formula:

[0037]
prises a phosphorescent organometallic compound having a
substituted chemical structure represented by the following
chemical structure (4):

and a phosphorescent emitter material which com-
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[0038] In another embodiment, the present invention com-
prises an OLED which comprises a host material which com-
prises an unsubstituted aromatic hydrocarbon compound
having the chemical structure represented by the formula:

[0039]
prises a phosphorescent organometallic compound having a
substituted chemical structure represented by the following
chemical structure (5):

and a phosphorescent emitter material which com-

®

[0040] Inoneembodiment, the present invention comprises
an OLED which comprises a host material, wherein the triplet
energy of the host material is from about 2.0 eV to about 2.8
eV.

[0041] In another embodiment, the present invention com-
prises an OLED which comprises at least one phosphorescent
material in the light emitting layer, wherein the phosphores-
cent material has a maximum value of 500 nm or more and
720 nm or less in a light emitting wavelength.

[0042] In another embodiment, the present invention com-
prises an OLED which provides improved voltage and work-
ing lifetime characteristics. Without being bound by theory, it
is believed that improved characteristics of the OLEDs of the
present invention may be achieved due to the serial bonding
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of two or more condensed polycyclic aromatic rings to a
monovalent fluorene skeleton and by bonding a group con-
taining condensed polycyclic aromatic rings which are dif-
ferent from each other to a fluorene skeleton in a position in
which a conjugate length is extended.

[0043] In another embodiment, the present invention com-
prises a phosphorescent OLED having high efficiency and
long lifetime, which OLED comprises a material of general
Formula (A-1) as a host material, and particularly as a phos-
phorescent host material.

BRIEF DESCRIPTION OF THE DRAWING

[0044] FIG. 1 is a drawing showing an outline constitution
of'one example of the OLED in the embodiment of the present
invention.

EXPLANATIONS OF THE CODES

[0045] 1OLED
[0046] 2 Substrate
[0047] 3 Anode
[0048] 4 Cathode
[0049] 5 Phosphorescence emitting layer
[0050] 6 Hole injecting.transporting layer
[0051] 7 Electron injecting.transporting layer
[0052] 10 Organic thin film layer
[0053] 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:

[0054] (1) Anode/light emitting layer/cathode;

[0055] (2) Anode/hole injecting layer/light emitting layer/
cathode;

[0056] (3) Anode/light emitting layer/electron injecting.

transporting layer/cathode;

[0057] (4) Anode/hole injecting layer/light emitting layer/
electron injecting.transporting layer/cathode;

[0058] (5) Anode/organic semiconductor layer/light emit-
ting layer/cathode;

[0059] (6) Anode/organic semiconductor layer/electron
blocking layer/light emitting layer/cathode;

[0060] (7) Anode/organic semiconductor layer/light emit-
ting layer/adhesion improving layer/cathode;

[0061] (8) Anode/hole injecting.transporting layer/light
emitting layer/electron injecting.transporting layer/cathode;
[0062] (9) anode/insulating layer/light emitting layer/insu-
lating layer/cathode;

[0063] (10) anode/inorganic semiconductor layer/insulat-
ing layer/light emitting layer/insulating layer/cathode;
[0064] (11) anode/organic semiconductor layer/insulating
layer/light emitting layer/insulating layer/cathode;

[0065] (12) anode/insulating layer/hole injecting.trans-
porting layer/light emitting layer/insulating layer/cathode;
and

[0066] (13) anode/insulating layer/hole injecting.trans-
porting layer/light emitting layer/electron injecting.trans-
porting layer/cathode.

[0067] Among the OLED constituent structures described
above, constitution structure number 8 is a preferred struc-
ture, but the present invention is not limited to these disclosed
constituent structures.
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[0068] A schematic constitution of one example of an
OLED in an embodiment of the present invention is shown in
FIG. 1.

[0069] As arepresentative embodiment of the invention, an
OLED 1 comprises a transparent substrate 2, an anode 3, a
cathode 4 and an organic thin film layer 10 disposed between
the anode 3 and the cathode 4.

[0070] The organic thin film layer 10 comprises a phospho-
rescence emitting layer 5 containing a phosphorescent host
and a phosphorescent dopant, and can provide respectively a
hole injecting.transporting layer 6 and the like between the
phosphorescence emitting layer 5 and the anode 3, and an
electron injecting.transporting layer 7 and the like between
the phosphorescence emitting layer 5 and the cathode 4.
[0071] 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.

[0072] This makes it possible to contain electrons and holes
in the phosphorescence emitting layer 5 to enhance the pro-
duction rate of excitons in the phosphorescence emitting
layer 5.

[0073] In the present specification, the terms “fluorescent
host” and “phosphorescent host” are referred to as a fluores-
cent host when combined with a fluorescent dopant and as a
phosphorescent host when combined with a phosphorescent
dopant, respectively, and should not be limited to a classifi-
cation of the host material based solely on molecular struc-
ture.

[0074] Accordingly, a fluorescent host in the present speci-
fication means a material constituting the fluorescence emit-
ting layer containing a fluorescent dopant and does not mean
a material which can be used only for a host of a fluorescent
material.

[0075] Similarly, a phosphorescent host means a material
constituting 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.
[0076] In the present specification, “a hole injecting.trans-
porting 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

[0077] TheOLED ofthe presentinvention may be prepared
on a substrate. The substrate referred to in this case is 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%.
[0078] The substrate may include a glass plate, a polymer
plate and the like. In particular, the glass plate may include
soda lime glass, barium.strontium-containing glass, lead
glass, aluminosilicate glass, borosilicate glass, barium boro-
silicate glass, quartz and the like.

[0079] The polymer plate may include polycarbonate,
acryl, polyethylene terephthalate, polyether sulfide, polysul-
fone and the like.

Anode and Cathode

[0080] An anode in the OLED of the present invention
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.
[0081] Specific examples of a material suitable for use as
the anode include indium tin oxide alloy (ITO), tin oxide
(NESA), indium zinc oxide, gold, silver, platinum, copper
and the like.

[0082] 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.

[0083] 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 Q/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 pm, and preferably from about 10 nm to about 200
nm

[0084] The cathode 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.

[0085] Materials suitable foruse as the cathode include, but
are not limited to indium, aluminum, magnesium, magne-
sium-indium alloys, magnesium-aluminum alloys, alumi-
num-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.

[0086] 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

[0087] The light emitting layer in the OLED may be
capable of carrying out the following functions singly or in
combination:

[0088] (1) injecting function: a function in which ahole can
be 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;

[0089] (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

[0090] (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.

[0091] 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.

[0092] 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
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LB method by a difference in an aggregation structure and a
higher order structure and a functional difference originating
in it.

[0093] In 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.

OLEDs

[0094] Inan OLED ofthe present invention, an organic thin
film layer comprising one layer or plural layers is provided
between a cathode and an anode; the above organic thin film
layer comprises at least one light emitting layer; and at least
one of the organic thin film layers contains at least one phos-
phorescent material and at least one host material as
described below. Further, at least one of the light emitting
layers contains preferably at least one host material of the
present invention for an organic electroluminescence device
and at least one phosphorescent material.

[0095] In the present invention, the light emitting layer
comprises at least one phosphorescent material capable of
phosphorescence emission, and a host material represented
by the following Formula (A-1):

(A-1)

[0096] In Formula A-1 described above, R' and R* each
represent independently a substituted or unsubstituted alkyl
group having from 1 to about 5 carbon atoms; Ar® represents
a divalent residue of a benzene ring, a naphthalene ring, a
chrysene ring, a phenanthrene ring, a benzophenanthrene
ring, a dibenzophenanthrene ring, a benzo|a|triphenylene
ring, a benzochrysene ring, a fluoranthene ring, a benzo|[b|
fluoranthene ring or a picene ring; and Ar® represents a
monovalent residue of a naphthalene ring, a chrysene ring, a
phenanthrene ring, a benzophenanthrene ring, a diben-
zophenanthrene ring, a benzo[a]triphenylene ring, a benzo-
chrysene ring, a fluoranthene ring, a benzo[b]fluoranthene
ring or a picene ring; and Ar' and Ar* each may have inde-
pendently one or plural substituent(s) selected from the group
consisting of an alkyl group having 1 to about 3 carbon atoms,
a cycloalkyl group having about 5 to about 7 ring-forming
carbon atoms, a silyl group having about 3 to about 12 carbon
atoms, a cyano group, a halogen atom and an aryl group
having about 6 to about 16 ring-forming carbon atoms.

[0097] When one or more of groups Ar', Ar>, R', and R in
the above Formula (A-1) have one or plural substituents, the
substituent is preferably selected from the group consisting of
an alkyl group having 1 to about 3 carbon atoms, a cycloalkyl
group having about 5 to about 7 ring-forming carbon atoms,
a silyl group having about 3 to about 12 carbon atoms, a cyano
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group, a halogen atom and an aryl group having about 6 to
about 16 ring-forming carbon atoms.

[0098] The substituents do not contain nitrogen atoms.
Without being bound by scientific theory, it is believed that
the absence of nitrogen atoms in the substituents results in
enhanced stability and extended lifetime of the host material.
[0099] When one or more of groups Ar’, Ar*, R!, and R in
the above Formula (A-1) has an aryl substituents, each of
groups Ar', Ar*, R', and R? preferably has 2 or less aryl
substituents, and more preferably 1 or less.

[0100] The alkyl group having 1 to about 3 carbon atoms
described above includes, for example, methyl, ethyl, propyl,
isopropyl and the like.

[0101] The cycloalkyl group having about 5 to about 7
ring-forming carbon atoms described above includes, for
example, cyclopentyl, cyclohexyl, 3,5-dimethyl cyclohexyl
and the like.

[0102] The silyl group having about 3 to about 18 carbon
atoms described above is preferably, for example, an alkylsi-
lyl group, an arylsilyl group or an aralkylsilyl group, and
examples thereof include trimethylsilyl, triethylsilyl, tributh-
ylsilyl, dimethylethylsilyl, dimethylpropylsilyl, dimethyliso-
propylsilyl,  dimethylbuthylsilyl, dimethyl-t-buthylsilyl,
diethylisopropylsilyl, phenyldimethylsilyl, diphenylmethyl-
silyl, diphenyl-t-buthylsilyl, triphenylsilyl and the like.
[0103] The halogen atom includes a fluorine atom, a chlo-
rine atom, a bromine atom and an iodine atom.

[0104] The aryl group having about 6 to about 16 ring-
forming carbon atoms described above is preferably, phenyl,
biphenyl, terphenyl, naphthyl, fluoranthenyl, 9,10-dialky-
Ifluorenyl, phenanthrenyl and dibennzofuranyl and the like.
More preferably the aryl group contains 6 to 14 ring-forming
carbon atoms, and includes, for example, phenyl, biphenyl,
naphthyl, phenanthrenyl and dibenzofuranyl and the like.
[0105] The host material represented by Formula (A-1)
described above has a large excited triplet energy gap (excited
triplet energy), and therefore it can transfer energy to the
phosphorescent dopant to carry out phosphorescence emis-
sion.

[0106] A thin film for an OLED which demonstrates excel-
lent stability can be formed by selecting a suitable ring struc-
ture, and using the ring structure together with a red phos-
phorescent material in order to provide a device having high
efficiency and long lifetime.

[0107] Anthracene derivatives, which are well known fluo-
rescent host materials, are typically unsuitable as host mate-
rials for a phosphorescent dopant for red light emission. How-
ever, the host of the present invention has a large excited
triplet energy gap and therefore makes it possible to allow a
phosphorescent dopant which displays red light emission to
effectively emit light.

[0108] CBP, which is well known as a phosphorescent host,
functions as a host for phosphorescent dopants which have
wavelengths greater than that of green light. The host mate-
rials of the present invention allow for light emission in phos-
phorescent dopants which exhibit emission at wavelengths
above green light emission.

[0109] In the present invention, employing a polycyclic
condensed ring containing no nitrogen atom as the skeleton of
the host material makes it possible to enhance the stability of
the host molecules and extend the device lifetime.

[0110] In this case, if the skeleton part has too small a
number of ring carbon atoms, the stability of the molecules is
not believed to be sufficiently enhanced.

[0111] Inthis case, if the skeleton portion of the host mate-
rial has too small a number of ring carbon atoms, the stability
of the molecules may not be sufficiently enhanced. On the
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other hand, ifthe polycyclic condensed ring has too many ring
carbon atoms, the HOMO-LUMO gap may be narrowed, and
an excited triplet energy gap may not produce a useful light
emitting wavelength. In the present invention, the host mate-
rial represented by Formula (I) described above provides a
material which has a suitable number of ring carbon atoms
and which therefore is suitable for use as a phosphorescent
host for a phosphorescence emission layer having a useful
light emitting wavelength and having a high stability, espe-
cially at higher operating temperatures.

[0112] Host materials corresponding to phosphorescent
dopants which can widely be applied to phosphorescent
dopants in a broad wavelength region of green to red colors
are known, and therefore CBP and the like, which have a wide
excited triplet energy gap, have been used for a host material.
CBP has a wide excited triplet energy gap Eg(T) but is asso-
ciated with the problem that may have a short lifetime.
[0113] Inthis regard, the host material of the present inven-
tion can not typically be applied to a host for a phosphorescent
dopant having such a wide gap as that of blue wavelength
light, but it may function as a host for a phosphorescent
dopant at wavelengths of, for example, red or green light.
Further, ifthe excited triplet energy gap is broad, as is the case
with CBP, the potential problem exists that intermolecular
transfer of energy may not be efficiently carried out to a red
phosphorescent dopant because of the large difference in
energy gap. In the host materials described herein, however,
since the energy gap maybe preferably selected in combina-
tion with red or green phosphorescent dopant, energy can
efficiently be transferred to the phosphorescent dopant, and a
phosphorescence emitting layer having a very high efficiency
can be constituted.

[0114] 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.

[0115] Inthis regard, an excited triplet energy gap Eg(T) of
the material constituting the OLED of the invention may be
prescribed based on its phosphorescence emission spectrum,
and it is given as an example in the present invention that the
energy gap may be prescribed, as is commonly used, in the
following manner.

[0116] 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.

[0117] This phosphorescence 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.
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[0118] 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).

[0119] A commercially available measuring equipment
F-4500 (manufactured by Hitachi, [td.) can be used for the
measurement.

[0120] 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.

[0121] A most preferred host material, wherein Ar' is a
divalent residue of a benzene ring, and Ar” is a monovalent
residue of a fluoranthene ring, and the host material has the
chemical structure represented by the formula:

OQ O
s

[0122] The materials of the present invention for an organic
electroluminescence device have a large triplet energy gap
(excited triplet energy), and therefore phosphorescent light
can be emitted by transferring energy to a phosphorescent
dopant.

[0123] Inthe present invention, the excited triplet energy of
the host material described above is preferably from about 2.0
eV to about 2.8 eV.

[0124] The excited triplet energy of about 2.0 eV or more
makes it possible to transfer energy to a phosphorescent mate-
rial which emits light at a wavelength of 500 nm or more and
720 nm or less. The excited triplet energy of about 2.8 eV or
less makes it possible to avoid the problem that light emission
is not efficiently carried out in a red phosphorescent dopant
because of the large difference in an energy gap.

[0125] The excited triplet energy of the host material is
more preferably from about 2.1 eV to about 2.7 eV.

[0126] Specific examples of suitable compounds for the

host material according to the present invention, represented
by Formulas (A-1), include, but are not limited to, the follow-
ing compounds:
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[0127] With regard to phosphorescent emitter materials
capable of use in the OLEDs of the present invention, Ir(2-
phenylquinoline) and Ir(1-phenylisoquinoline) type phos-
phorescent materials have been synthesized, and OLEDs
incorporating them as the dopant emitters have been fabri-
cated. Such devices may advantageously exhibit high current
efficiency, high stability, narrow emission, high processibility
(such as high solubility and low evaporation temperature),
high luminous efficiency, and/or high luminous efficiency.

[0128] Using the base structure of Ir(3-Meppy),, different
alkyl and fluoro substitution patterns have been studied to
establish a structure-property relationship with respect to
material processibility (evaporation temperature, evaporation
stability, solubility, etc.) and device characteristics of Ir(2-
phenylquinoline) and Ir(1-phenylisoquinoline) type phos-
phorescent materials. Alkyl and fluoro substitutions are par-
ticularly important because they offer a wide range of
tenability in terms of evaporation temperature, solubility,
energy levels, device efficiency, etc. Moreover, they are stable
as functional groups chemically and in device operation when
applied appropriately.

[0129] In one embodiment of the present invention, the
phosphorescent emitter material comprises a phosphorescent
organometallic complex having a substituted chemical struc-

ture represented by one of the following partial chemical
structures represented by the following Formulas (B-1), (B-2)
and (B-3):

B-1)

B-2)
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(B-3)
R

//|

[0130] wherein R is independently hydrogen or an alkyl
substituent having 1-3 carbon atoms, and wherein at least one
ring of the formula has one or more of said alkyl substituent.
In particular, the “substituted” structures include at least one
methyl substituents, which may be substituted on any one of
the rings. The phosphorescent organometallic complex
according to the above structure may be substituted with any
suitable number of methyl groups. Preferably the phospho-
rescent organometallic complex according to the above struc-
ture is substituted with at least two methyl groups.

[0131] Preferably the phosphorescent organometallic com-
plex according to the above structure is substituted with at
least two methyl groups. In a most preferred embodiment, the
phosphorescent emitter material comprises a phosphorescent
organometallic complex having a substituted chemical struc-
ture represented by the following partial chemical structure

G):
©)
@
= N\
[0132] Inanother embodiment, the phosphorescent emitter

material comprises a metal complex, and the metal complex
comprises a metal atom selected from Ir, Pt, Os, Au, Cu, Re
and Ru and a ligand. In yet another embodiment the metal
complex has an ortho-metal bond. The metal atom is prefer-
ably Ir.

[0133] Inanother embodiment, the phosphorescent emitter
material comprises a phosphorescent organometallic com-
pound having a substituted chemical structure represented by
the following chemical structure (4):

| AN
/N\\h/o N
>

()

24
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[0134] In a preferred embodiment, the present invention
relates to an OLED wherein the host material comprises an
unsubstituted aromatic hydrocarbon compound having the
chemical structure represented by the formula (A-1-42):

(A-1-42)

[0135]
comprises a phosphorescent organometallic compound hav-
ing a substituted chemical structure represented by the fol-
lowing chemical structure (4):

and wherein the phosphorescent emitter material

)

—2

[0136] Inanother preferred embodiment, the present inven-
tion relates to an OLED wherein the host material comprises
an unsubstituted aromatic hydrocarbon compound having the
chemical structure represented by the formula (A-1-42):

OQ O
et

[0137] and wherein the phosphorescent emitter material
comprises a phosphorescent organometallic compound hav-
ing a substituted chemical structure represented by the fol-
lowing chemical structure (5):

®
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[0138] The OLEDs of the present invention may comprise
a hole transporting layer (hole injecting layer), and the above
hole transporting layer (hole injecting layer) preferably con-
tains the materials of the present invention. Also, the OLEDs
of the present invention may comprise an electron transport-
ing layer and/or a hole blocking layer, and the above electron
transporting layer and/or hole blocking layer preferably con-
tains the materials of the present invention.

[0139] The OLEDs of the present invention may contain a
reductant dopant in an interlayer region between the cathode
and the organic thin film layer. Such an OLED having the
described structural constitution, may exhibit improved emis-
sion luminance and extended lifetime.

[0140] The reductant dopant includes at least one dopant
selected from alkali metals, alkali metal complexes, alkali
metal compounds, alkali earth metals, alkali earth metal com-
plexes, alkali earth metal compounds, rare earth metals, rare
earth metal complexes, rare earth metal compounds and the
like.

[0141] Suitable alkali metals include Na (work function:
236 eV), K (work function: 2.28 eV), Rb (work function:
2.16 eV), Cs (work function: 1.95 eV) and the like, and the
compounds having a work function of 2.9 eV or less are
particularly preferred. Among them, K, Rb and Cs are pre-
ferred, more preferred are Rb or Cs, and even more preferred
is Cs.

[0142] The alkali earth metals include Ca (work function:
2.9 eV), Sr (work function: 2.0t0 2.5 V), Ba (work function:
2.52 eV) and the like, and the compounds having a work
function of 2.9 eV or less are particularly preferred.

[0143] The rare earth metals include Sc, Y, Ce, Tb, Yb and
the like, and the compounds having a work function 0f2.9 eV
or less are particularly preferred.

[0144] Among the metals described above, it is preferred to
select metals having a high reducing ability, and addition of a
relatively small amount thereof to the electron injecting
region may make it possible to enhance the emission lumi-
nance and extend the lifetime of the OLED.

[0145] The alkali metal compounds include alkali metal
oxides such as Li,0, Cs,0, K,O and the like and alkali metal
halides such as LiF, NaF, CsF, KF and the like. Preferred
compounds include LiF, Li,O and NaF.

[0146] The alkali earth metal compounds include BaO,
SrO, CaO and Ba,Sr, O (0<x<1), Ba,Ca,_ O (0<x<1) and
the like which are obtained by mixing the above compounds,
and BaO, SrO and CaO are preferred.

[0147] The rare earth metals compound include YbF;,
ScF;, Sc04,Y,0;, Ce,05, GAF;, THF; and thelike, and YbF;,
ScF; and TbF; are preferred.

[0148] The alkali metal complex, the alkali earth metal
complex and the rare earth metal complex shall not specifi-
cally be restricted as long as they contain at least one metal ion
of alkali metal ions, alkali earth metal ions and rare earth
metal ions. The ligand is preferably quinolinol, benzoquino-
linol, acridinol, phenanthridinol, hydroxyphenyloxazole,
hydroxyphenylthiazole, hydroxydiaryloxadiazole, hydroxy-
diarylthiadiazole, hydroxyphenylpyridine, hydroxyphenyl-
benzimidazole, hydroxybenzotriazole, hydroxyfulvorane,

May 23, 2013

bipyridyl, phenanthroline, phthalocyanine, porphyrin, cyclo-
pentadiene, f-diketones, azomethines and derivatives
thereof. However, suitable materials are not restricted to the
above-mentioned compounds.

[0149] The reductant dopant may be formed in an interfa-
cial region, and is preferably in a layer form or an island form.
The fanning method may be a method in which a light emit-
ting material forming an interfacial region and an organic
substance corresponding to an electron injecting material are
deposited at the same time while depositing the reductant
dopant by a resistance heating vapor deposition method to
thereby disperse the reductant dopant in the organic sub-
stance. The dispersion concentration has a ratio of organic
substance to reductant dopant of from about 100:1 to 1:100,
and preferably from about 5:1 to 1:5 in terms of the mole ratio.
[0150] When the reductant dopant is formed in a layer
form, the light emitting material which is an organic layer in
an interfacial region and the electron injecting material are
formed in a layer form, and then the reductant dopant may be
deposited alone by the resistance heating vapor deposition
method to form the layer preferably in a thickness of 0.1 to 15
nm.

[0151] When the reductant dopant is formed in an island
form, the light emitting material which is an organic layer in
an interfacial region and the electron injecting material are
formed in an island form, and then the reductant dopant may
be deposited alone by the resistance heating vapor deposition
light emitting method to form the island preferably in a thick-
ness of 0.05 to 1 nm.

[0152] A mole ratio of the main component to the reductant
dopant in the OLEDs of the present invention is preferably
main component:reductant dopant=5:1 to 1:5, more prefer-
ably 2:1 to 1:2 in terms of a mole ratio.

[0153] The OLEDs ofthe presentinvention preferably have
an electron injecting layer between the light emitting layer
and the cathode. In this regard, the electron injecting layer
may be a layer which functions as an electron transporting
layer. The electron injecting layer or the electron transporting
layer is a layer for assisting injection of an electron into the
light emitting layer, and it has a large electron mobility. The
electron injecting layer is provided to control an energy level
including relaxation of a sudden change in the energy level.
[0154] The forming methods of the respective layers in the
OLEDs of the present invention shall not specifically be
restricted, and forming methods carried out by a vacuum
vapor deposition method, a spin coating method and the like
which have so far publicly been known can be used. The
organic thin film layer containing the host material com-
pounds represented by Formula (A-1) described above which
is used for the OLEDs of the present invention can be formed
by known methods such as by vacuum vapor deposition,
molecular beam evaporation (MBE method), and coating
methods such as dipping, spin coating, casting, bar coating
and roll coating, each using a solution prepared by dissolving
the compound in a solvent.

[0155] The film thicknesses of the respective organic layers
in the OLEDs of the present invention shall not specifically be
restricted. In general, too small film thicknesses may be asso-
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ciated with defects such as pinholes and the like, while too
large film thicknesses require application of high voltage, and
may lower the efficiency. Accordingly, film thicknesses are
typically in the a range of one to several nm to 1 um.

[0156] The compound groups of the present invention can
be synthesized by using a Suzuki-Miyaura cross coupling
reaction and the like. They can be synthesized, for example, in
amanner shown in the following reaction formulas. Formulas
(1) to (4) are abbreviated as follows,

Pd(PPhs)4
2M Na,COj3 aq.
DME-Toluene
heat

A2— B(OH), BR——A“—B@
Pd(PPh3),
2M Na,CO;3 aq.
DME-Toluene
heat

1. r-BuLi -78° C.

—_—
2. B(i-PrO); THF
3.HC1

Br— Arl—Ar?

(HO),B— Ar!—As?

(HO),B— Arl—Ar?
Pd(PPh3),
2M Na,COs3 aq.
DME-Toluene
heat

@ indicates text missing or illegible when filed

INDUSTRIAL APPLICABILITY

[0157] The present invention can be used as a phosphores-
cent OLED having high efficiency and a long lifetime, and
materials for an OLED which provide a phosphorescent
OLED having high efficiency and a long lifetime.

[0158] The following examples are illustrative only and are
not intended to be limiting. Those skilled in the art will
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recognize, or be able to ascertain through routine experimen-
tation, numerous equivalents to the specific substances and
procedures described herein. Such equivalents are considered
to be within the scope of the claimed invention. All references
named herein are expressly and entirely incorporated by ref-
erence.

EXAMPLES
Example 1
Synthetic Example
Synthesis of Compound 42

1) Synthesis of 2-(6-bromonaphthalene-2-y1)-9,9-
dimethyl-9H-fluorene

[0159] 16.65 g (69.9 mmol) of 9,9-dimethyl-9H-fluorene-
2-ylboronic acid, 20.0 g (69.9 mmol) of 2,6-dibromonaph-
thalene, 4.04 g (3.50 mmol) of tetrakis(triphenylphosphine)
palladium (0), 200 ml of toluene, 200 ml of dimethoxyethane
and 106 g of a 2M sodium carbonate aqueous solution were
combined under argon atmosphere, and the mixture was
stirred at 85° C. for 8 hours and left standing overnight. Water
was added to the reaction mixture, and the mixture was stirred
at room temperature for one hour. The mixture was filtered,
the filtrate was extracted with toluene, and the organic phase
was washed with water and subsequently with a saturated
saline solution. The liquid was dried on sodium sulfate, and
then toluene was removed by distillation under reduced pres-
sure. A brown oily substance which resulted was refined by
silica gel chromatography to obtain 11.8 g (yield: 42.4%) of
2-(6-bromonaphthalene-2-y1)-9,9-dimethyl-9H-fluorene.

2) Synthesis of 6-(9,9-dimethyl-9H-fluorene-2-yl)
naphthalen-2-ylboronic acid

[0160] A mixed solution of 12.00 g (30.1 mmol) of 2-(6-
bromonaphthalene-2-y1)-9,9-dimethyl-9H-fluorene and 120
ml of dehydrated THF was cooled to =70° C. under argon
atmosphere, and 23.3 ml (36.0 mmol) of a hexane solution of
1.55M n-butyllithium was added dropwise thereto with stir-
ring. The reaction mixture was stirred at —=70° C. for 2 hours.
The reaction solution was cooled againto -70°C.,and 17.0 g
(90.2 mol) of triisopropyl borate was added dropwise thereto.
The reaction mixture was heated to room temperature and
stirred for one hour, then it was left standing overnight. The
reaction mixture was cooled on an ice bath, and a 6N hydro-
chloric acid aqueous solution was added thereto and stirred at
room temperature for one hour. Dichloromethane was added
to the reaction mixture to separate the liquid, and the organic
phase was washed with water and dried on sodium sulfate.
The solvent was removed by distillation under reduced pres-
sure, and the residue was refined by silica gel chromatogra-
phy to obtain 6.25 g (yield: 57%) of 6-(9,9-dimethyl-9H-
fluorene-2-yl)naphthalene-2-ylboronic acid.
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3) Synthesis of 3-(3-bromophenyl)fluoranthene

[0161] 18.18 g(81.3 mmol) of 3-fluorantheneboronic acid,
22.99 g (81.3 mmol) of 3-bromoiodobenzene, 4.70 g (4.10
mmol) of tetrakis(triphenylphosphine)palladium (0), 80 ml
of toluene, 80 ml of dimethoxyethane and 123 g of a 2M
sodium carbonate aqueous solution were combined under
argon atmosphere, and the mixture was stirred for 8 hours
with refluxing and heating. After finishing the reaction, water
was added to the reaction mixture, and the mixture was stirred
at room temperature for one hour. Methanol was added
thereto, and a solid matter was obtained by filtering, and it
was refined by silica gel chromatography to obtain 20.43 g
(vield: 70.4%) of 3-(3-bromophenyl)fluoranthene.

4) Synthesis of compound 42

[0162] The compound was synthesized in the same manner
by using 6-(9,9-dimethyl-9H-fluorene-2-yl)naphthalene-2-
ylboronic acid in place of 3-fluorantheneboronic acid and
using 3-(3-bromophenyl)fluoranthene in place of 3-bro-
moiodobenzene in the synthesis of 3-(3-bromophenyl)fluo-
ranthene.

[0163] Mass spectrum analysis was carried out to result in
finding that m/e was 596 versus a molecular weight 0o 596.25.
[0164] The characteristics of the combinations in the
present invention are that a triplet energy gap of the host
materials and a triplet energy gap of the dopants are suitable,
and therefore the emission coefficients are enhanced; the
specific condensed polycyclic hydrocarbon residue is bonded
to the fluorene ring residue, whereby the device is reduced
more in voltage; since the host material is not substituted with
a nitrogen-containing ring, a nitrogen atom and the like, the
light emitting material has a high durability against holes and
electrons, and this allows the lifetime to be extended more
than those of combinations known in the art.

Example 2

[0165] Table 1 provides data using exemplary compounds
as well as devices using the host materials and phosphores-
cent emitter materials of the invention.
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[0166] All devices shown in Table 1 were fabricated by
high vacuum (<10-7 Torr) thermal evaporation. The anode
electrode consisted of ~120 nm of indium tin oxide (ITO).
The cathode consisted of 1 nm of LiF followed by 100 nm of
Al All devices were encapsulated with a glass lid sealed with
an epoxy resin in a nitrogen glove box (<1 ppm of H20 and
02) immediately after fabrication, and a moisture getter was
incorporated inside the package. Operational lifetests were
performed at constant direct current at room temperature.

[0167] For Invention Devices 1-4 and the Reference
Device, the organic stack was fabricated to consist of, sequen-
tially from the ITO surface, HIL-1 as a hole injection layer;
NPD as a hole transport layer; 30 nm of the invention host
compound PHU-18 or comparative host compound PHU-02
doped with 9 or 12 wt % of the dopant emitters RD-002 or
RD-003 as the emissive layer (EML). Adjacent to the emis-
sive layer was an electron transport layer consisting of tris(8-
hydroxyquinolinato)aluminum (Alg3). Specific layer mate-
rials and layer thicknesses for each device are shown in Table
1. Structures for PHU-02, RD-002, HIL-1 and other device
materials are shown in Table 2, below.

[0168] The devices were operated at a constant current of
40 mA/cm? at 25° C. and at 70° C., and the time for the
luminance to decrease to 80% of its initial level (LT80) was
measured. As shown in Table 1, the host material PHU-18 and
the phosphorescent emitter materials RD-002 and RD-003 of
the invention demonstrated efficiency and lifetime that was
significantly better than the reference example. In particular,
the results for the lifetimes of the devices at 70° C. show that
devices which incorporated the host materials and phospho-
rescent emitter materials of the invention had at least a 25%
improvement compared to the reference example for host
material PHU-18 doped with emitter material RD-002 (de-
vices 1 and 2), and at least about 50% improvement compared
to the reference example for host material PHU-18 doped
with emitter material RD-003 (devices 3 and 4).

[0169] Device 1 had the longest T80 at 25° C. and 70° C.,
and device 4 was the most highest power efficacy with the
long T80 at 25° C. and 70° C. Device 4 had higher power

efficacy because it operated at lower voltage and higher lumi-
nous efficiency than devices 1 and 2.

TABLE 1
R LT80 (hrs) at
emitter At10mA-cm 2 At 1000 nits 40 mA/em 2
Device # Anode HIL Host % ETL Cathode CIEx CIEy V Cd/A EQE Im/W 70°C. 25°C.
Reference ITO HIL PHU-02 RDO002 Alg3 LiF[1 nm]/ 0.668 0330 7.7 205 192 83 215 1,396
1 [120nm]  [10 nm] [30nm] 9% [55nm] Al[100 nm]
Reference ITO HIL PHU-02 RDO002 Alg3 LiF[1 nm]/ 0.669 0329 79 196 188 7.8 205 1,387
2 [120nm]  [10 nm] [30nm] 12% [55nm] Al[100 nm]
1 ITO HIL PHU-18 RD002 Alg3 LiF[1 nm]/ 0.672 0326 7.0 173 174 17 255 3,200
[120nm]  [10 nm] [30nm] 9% [55nm] Al[100 nm]
2 ITO HIL PHU-18 RDO002 Alg3 LiF[1 nm]/ 0.671 0327 69 175 17.7 79 238 2,800
[120nm] [10nm] [30nm] 12% [55nm] AI[100 nm]
3 ITO HIL PHU-18 RDO002 Alg3 LiF[1 nm]/ 0.668 0330 6.7 173 16.0 8.1 350 1,600
[120nm] [10nm]  [30nm] 9% [55nm] AI[100 nm]
4 ITO HIL PHU-18 RDO002 Alg3 LiF[1 nm]/ 0.670 0329 6.6 170 16.2 8.1 306 1,500
[120nm]  [10 nm] [30 nm] 12% [55nm] Al[100 nm]
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TABLE 2-continued

NPD
N,N"-Bis(naphthalen-1-yl)-N,N"-
bis(phenyl)benzidine

oot
005

Alqy
Trtis(8 hydroxyquinoline)
aluminum

BAlg,
Aluminum(IIT)bis(2-methyl-8-
quinolato)4-phenylphenolate

/N

CBP
4,4"-Bis(carbazol-9-yl)bipheny!l
A

ITO Indium Tin Oxide

BAlg,
Aluminum(IIT)bis(2-methyl-8-
quinolato)4-phenylphenolate / \
N
O
2

What is claimed is:

1. An organic light emitting device comprising an anode, a b
cathode and an emissive layer, wherein the emissive layer is
located between the anode and the cathode, and the emissive
layer comprises a host material and a phosphorescent emitter
material, wherein:

(a) the host material comprises a substituted or unsubsti-
tuted hydrocarbon compound having the chemical struc-
ture represented by the formula (A-1):
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wherein R' and R? each represent independently a substi-
tuted or unsubstituted alkyl group having from 1 to about
5 carbon atoms; Ar' represents a divalent residue of a
benzene ring, a naphthalene ring, a chrysene ring, a
phenanthrene ring, a benzophenanthrene ring, a diben-
zophenanthrene ring, a benzo[a]triphenylene ring, a
benzochrysene ring, a fluoranthene ring, a benzo[b]fluo-
ranthene ring or a picene ring; and Ar’ represents a
monovalent residue of a naphthalene ring, a chrysene
ring, a phenanthrene ring, a benzophenanthrene ring, a
dibenzophenanthrene ring, a benzo[a]triphenylene ring,
a benzochrysene ring, a fluoranthene ring, a benzo[b]
fluoranthene ring or a picene ring; and Ar' and Ar* each
may have independently one or plural substituent(s)
selected from the group consisting of an alkyl group
having 1 to about 3 carbon atoms, a cycloalkyl group
having about 5 to about 7 ring-forming carbon atoms, a
silyl group having about 3 to about 12 carbon atoms, a
cyano group, a halogen atom and an aryl group having
about 6 to about 16 ring-forming carbon atoms; and

(b) the phosphorescent emitter material comprises a phos-
phorescent organometallic complex having a substituted
chemical structure represented by one of the following
partial chemical structures represented by the formulas:

wherein R is independently hydrogen or an alkyl substitu-
ent having 1-3 carbon atoms, and wherein at least one
ring of the formula has one or more of said alkyl sub-
stituent.

2. The organic light emitting device of claim 1, wherein, in
the host material, Ar' is a divalent residue of a benzene ring,
and, Ar? is a monovalent residue of a Fluoranthene ring, and
the host material has the chemical structure represented by
the formula:

3. The organic light emitting device of claim 1, wherein the
triplet energy of the host material is from about 2.0 eV to
about 2.8 eV.

4. The organic light emitting device of claim 1, wherein the
phosphorescent emitter material comprises a phosphorescent
organometallic complex wherein the substituted chemical
structure is substituted with at least two methyl groups.
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5. The organic light emitting device of claim 1, wherein the
phosphorescent emitter material comprises a phosphorescent
organometallic complex having a substituted chemical struc-
ture represented by the following partial chemical structure:

6. The organic light emitting device of claim 1, wherein the
phosphorescent emitter material comprises a metal complex,
and the metal complex comprises a metal atom selected from
Ir, Pt, Os, Au, Cu, Re, Ru and a ligand.

7. The organic light emitting device of claim 6, wherein the
metal complex has an ortho-metal bond.

8. The organic light emitting device of claim 7, wherein the
metal atom is Ir.

9. The organic light emitting device of claim 1, wherein the
phosphorescent emitter material comprises a phosphorescent
organometallic compound having a substituted chemical
structure represented by the following chemical structure:

X

N o

10. The organic light emitting device of claim 1, wherein
the phosphorescent emitter material comprises a phosphores-
cent organometallic compound having a substituted chemical
structure represented by the following chemical structure:
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11. The organic light emitting device of claim 1, wherein
the host material comprises an unsubstituted aromatic hydro-
carbon compound having the chemical structure represented
by the formula:

and wherein the phosphorescent emitter material com-
prises a phosphorescent organometallic compound hav-
ing a substituted chemical structure represented by the
following chemical structure:

12. The organic light emitting device of claim 11, wherein
at least one of the phosphorescent materials contained in the
light emitting layer has a maximum value of 520 nm or more
and 720 nm or less in a light emitting wavelength.
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13. The organic light emitting device of claim 1, wherein
the host material comprises an unsubstituted aromatic hydro-
carbon compound having the chemical structure represented
by the formula:

OQ O
Q’O

and wherein the phosphorescent emitter material com-
prises a phosphorescent organometallic compound hav-
ing a substituted chemical structure represented by the
following chemical structure:

14. The organic light emitting device of claim 13, wherein
at least one of the phosphorescent materials contained in the
light emitting layer has a maximum value of 520 nm or more
and 720 nm or less in a light emitting wavelength.

* * #* & *
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