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OLED INCLUDING HOLE-CONDUCTING
MATERIAL

FIELD OF THE INVENTION

[0001] The present invention is directed to the field of
organic light emitting diode (OLED) electroluminescent
devices comprising a light-emitting layer containing an
organic metal coordination compound with tailored ligands
having a high triplet energy.

BACKGROUND OF THE INVENTION

[0002] While organic electroluminescent (EL) devices
have been known for over two decades, their performance is
generally limited due to several adverse effects. Inits simplest
form, an organic EL device is comprised of an anode for hole
injection, a cathode for electron injection, and an organic
medium sandwiched between these electrodes to support
charge recombination that yields emission of light. These
devices are commonly referred to as organic light-emitting
diodes (OLEDs). Today, the most efficient emitters are phos-
phorescent ones, where the radiative transition is from a trip-
let state to the ground state. Usually, Iridium or Platinum
complexes are used in state-of-the art OLEDs. Normally,
between 5% and 15% per weight of the phosphorescent emit-
ter are doped into a material. The use of phosphorescent
emitters places a strict requirement on the triplet level of the
matrix material.

[0003] If the triplet level of the matrix is lower than the
triplet level of the emitter, energy is transferred from emitter
to matrix, quenching the emission of light. Only if the triplet
level of the matrix is higher than the triplet level of the emitter,
the energy transfer is inhibited and the resulting OLED exhib-
its is high quantum efficiency. Quantum efficiency is the ratio
of injected charge carrier pairs into the OLED and extracted
photons.

[0004] For red, yellow and yellow-green emitters this
requirement is not difficult to meet, since the triplet level of
most matrix materials corresponds to an emission wavelength
of 520-550 nm. Only for emitters with wavelengths shorter
than 520 nm and especially shorter than 470 nm, there are
only few suitable matrix materials.

[0005] Since many of the phosphorescent metal complexes
conduct electrons well, matrix materials conducting holes are
used.

Consequently, there is the constant need for hole-conducting
materials with high triplet levels.

SUMMARY OF THE INVENTION

[0006] It is therefore an object of the present invention to
provide an OLED comprising novel hole-conducting materi-
als with high triplet levels.

[0007] This object is solved by an OLED comprising a
hole-conducting material with the structure I:
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whereby R', R® R? and R* are independently selected out of
the group comprising the moieties II and I1T:
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whereby each R”, R” is independently selected out of the
group comprising hydrogen, alkyl, alkoxy, halogenalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl.

[0008] These materials have a surprisingly high triplet lev-
els as will be shown later on. It is well known from the state of
the art, that matrix materials with such triplet levels can be
used for blue phosphorescent emitters up to about an emis-
sion wavelength of 460 nm

Generic Group Definition:

[0009] Throughout the description and claims generic
groups have been used, for example alkyl, alkoxy, aryl.
Unless otherwise specified the following are preferred groups
that may be applied to generic groups found within com-
pounds disclosed herein:

alkyl: linear and branched C1-C8-alkyl,

cycloalkyl: C3-C8-cycloalkyl,

alkoxy: C1-C6-alkoxy,

aryl: selected from homoaromatic compounds having a
molecular weight under 300,

heteroaryl: selected from the group consisting of: pyridinyl;
pyrimidinyl; pyrazinyl; triazolyl; pyridazinyl; 1,3,5-triazinyl;
quinolinyl; isoquinolinyl; quinoxalinyl; imidazolyl; pyra-
zolyl; benzimidazolyl; thiazolyl; oxazolidinyl; pyrrolyl; car-
bazolyl; indolyl; and isoindolyl, wherein the heteroaryl may
be connected to the compound via any atom in the ring of the
selected heteroaryl,
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heterocycloalkyl: selected from the group consisting of: pyr-
rolinyl; pyrrolidinyl; morpholinyl; piperidinyl; piperazinyl,
hexamethylene imine; 14-piperazinyl; tetrahydrothiophe-
nyl; tetrahydrofuranyl; 1,4,7-triazacyclononanyl; 1,4,8,11-
tetraazacyclotetradecanyl; 1,4,7,10,13-pentaazacyclopenta-
decanyl; 1,4-diaza-7-thiacyclononanyl; 1,4-diaza-7-oxa-
cyclononanyl; 1,4,7,10-tetraazacyclododecanyl; 1,4-
dioxanyl; 1,4,7-trithiacyclononanyl; tetrahydropyranyl; and
oxazolidinyl, wherein the heterocycloalkyl may be connected
to the compound via any atom in the ring of the selected
heterocycloalkyl,

halogenalkyl: selected from the group consisting of mono, di,
tri-, poly and perhalogenated linear and branched C1-C8-
alkyl

[0010] Unless otherwise specified the following are more
preferred group restrictions that may be applied to groups
found within compounds disclosed herein:

alkyl: linear and branched C1-Cé6-alkyl,

cycloalkyl: C6-C8-cycloalkyl,

alkoxy: C1-C4-alkoxy,

aryl: selected from group consisting of: phenyl; biphenyl,
naphthalenyl; anthracenyl; and phenanthrenyl,

heteroaryl: selected from the group consisting of:

pyridinyl; pyrimidinyl; quinolinyl; pyrazolyl; triazolyl; iso-
quinolinyl; imidazolyl; and oxazolidinyl, wherein the het-
eroaryl may be connected to the compound via any atom in
the ring of the selected heteroaryl, heteroarylene: selected
from the group consisting of: pyridin 2,3-diyl; pyridin-2,4-
diyl; pyridin-2,6-diyl; pyridin-3,5-diyl; quinolin-2,3-diyl;
quinolin-2,4-diyl; isoquinolin-1,3-diyl; isoquinolin-1,4-diyl,
pyrazol-3,5-diyl; and imidazole-2,4-diyl,

[0011] According to a preferred embodiment of the present
invention at least one of the R', R? R* and R* is in para-
Position with respect to the oxygen. This has been shown to
furthermore increase the beneficial properties of the material
for awide range of applications within the present invention.
[0012] According to a preferred embodiment of the present
invention, R'=—=R? and/or R*=R* more preferred
R'—=R?>—R’—R" This has been shown to furthermore
increase the beneficial properties of the material for a wide
range of applications within the present invention.

[0013] According to a preferred embodiment of the present
invention, at least one of the R, R” is in para-Position with
respect to the nitrogen. This has been shown to furthermore
increase the beneficial properties of the material for a wide
range of applications within the present invention.

[0014] According to a preferred embodiment of the present
invention, R%, R” are independently selected out of the group
comprising methyl, ethyl, propyl, isopropyl, butyl and tert.-
butyl. This has been shown to furthermore increase the ben-
eficial propetties of the material for a wide range of applica-
tions within the present invention, especially in respect to the
solubility of the material in various solvents.

[0015] According to a preferred embodiment of the present
invention, the inventive compound 1 is used to block triplet
exciton diffusion from one part of the OLED to another part
of the OLED.

[0016] The inventive compounds can e.g. be made from
Spirobixanthen, which is—amongst other references—fea-
sible according to R. G. Clarkson, M. Gomberg, J. Am. Chem.
Soc. 1930, 52, 2887 (2881-2891) by

[0017] electrophilic and/or radicalic halogenation and
[0018] Hartwig-Buchwald amination using a palladium-
catalyst and/or Ullman-reaction type amination using copper.
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[0019] A preferred lighting unit according to the present
invention contains an OLED device as described above and
can be used in household applications, shop lighting, home
lighting, accent lighting, spot lighting, theater lighting, fiber-
optics applications, projection systems, self-lit displays,
medical lighting applications, pixelated displays, segmented
displays, warning signs, indicator signs, decorative lighting,
ete.

[0020] The aforementioned components, as well as the
claimed components and the components to be used in accor-
dance with the invention in the described embodiments, are
not subject to any special exceptions with respect to their size,
shape, material selection and technical concept such that the
selection criteria known in the pertinent field can be applied
without limitations.

[0021] Additional details, features, characteristics and
advantages of the object of the invention are disclosed in the
subclaims, the figures and the following description of the
respective figures and examples, which—in an exemplary
fashion—show several preferred embodiments of an OLED
according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
Example 1
[0022] Example 1 refers to 2,2',7,7'-Tetra(3,6-Di-methyl-

carbazol-9-y1)-9,9'-spirobixanthen which has the following
structure:

[0023] 1tcanbemade from 2,2',7,7'-Tetrajod-9,9'-spirobix-
anthene (accessible from Spirobixanthene by electrophilic
iodination) and 3,6-Di-methyl-9H-carbazol via Hartwig-
Buchwald-amination and has a triplet level of 435 nm
[0024] Example 11 refers to 2,2',7,7-Tetra(3,6-Di-tert-bu-
tyl-carbazol-9-y1)-9,9'-spirobixanthen which has the follow-
ing structure:
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[0025] Tt can be made as Example I (using a different car-
bazole) and has a triplet level of

436 nm.

[0026] The inventive materials as described described can
be used in two ways: in emitting layer(s) as matrix materials
(usually these layers are doped with phosphorescent emitters)
or as triplet exciton blocking layers. A typical structure of an
OLED is as follows:

[0027] Anode—ITO 120 nmvhole injection layer, 10
nm/hole transport layer 30 nm/emitter layer 30 nm/hole
blocking layer 10 nm/electron transport layer 40 nm/electron
injection layer 1 nm/cathode—A1 100 nm. Here, the materi-
als with high triplet levels are used in two layers:

[0028] in the emitting layer, being doped with a phos-
phorescent emitter in weight percentages of 1% to
=50%, preferable between = 5% and =20%, more pref-
erable between =5% and =15%.

[0029] inthehole transport layer to block the diffusion of
triplet excitons out of the emission zone.

[0030] The particular combinations of elements and fea-
tures in the above detailed embodiments are exemplary only;
the interchanging and substitution of these teachings with
other teachings in this and the patents/applications incorpo-
rated by reference are also expressly contemplated. As those
skilled in the art will recognize, variations, modifications, and
other implementations of what is described herein can occur
to those of ordinary skill in the art without departing from the
spirit and the scope of the invention as claimed. Accordingly,
the foregoing description is by way of example only and is not
intended as limiting. The invention’s scope is defined in the
following claims and the equivalents thereto. Furthermore,
reference signs used in the description and claims do not limit
the scope of the invention as claimed.

pound I,
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wherein R', R?, R? and R* are independently selected from
the group consisting of the moieties IT and I1I:
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wherein each R”, R” is independently selected from the
group consisting of hydrogen, alkyl, halogenalkyl,
cycloalkyl, aryl, heteroaryl, wherein a phosphorescent
emitting material is doped into this layer in weight con-
centrations between 1% and 50%.

2. OLED according to claim 1, wherein at least one of the
R', R?, R® and R* is in para-Position with respect to the
oxygen

3. OLED according to claim 1, wherein R'—R* and/or
R3*=R*.

4. OLED according to claim 1, wherein R'—R*—R>—R*.
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5. OLED according to claim 1, wherein at least one of the
R?, R¥ is in para-Position with respect to the nitrogen.

6. OLED according to claim 1, wherein R”, R” are inde-
pendently selected from the group comprising methyl, ethyl,
propyl, isopropyl, butyl and tert.-butyl.

7. OLED according to any of the claims 1 to 6, wherein the
compound I is used to block triplet exciton diffusion from one
part of the OLED to another part of the OLED.

8. OLED according to any of the claims 1 to 7, wherein the
compound I is used in emitting layer(s) as matrix material.

9. (canceled)
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