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(57) ABSTRACT

A metal complex is disclosed. In an embodiment the metal
complex includes at least one metal atom M and at least one
ligand L attached to the metal atom M, wherein the ligand
L has the following structure:

R'],

X
[,

E! E?

wherein E* and E? are oxygen, wherein the substituent R* is
selected from the group consisting of branched or
unbranched, fluorinated aliphatic hydrocarbons with 1 to 10
C atoms, wherein n=1 to 5, wherein the substituent R> is
selected from the group consisting of —CN, branched or
unbranched aliphatic hydrocarbons with 1 to 10 C atoms,
aryl and heteroaryl, and wherein m=0 to at most 5-n.
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METHOD FOR PRODUCING AN ORGANIC
ELECTRONIC COMPONENT, AND
ORGANIC ELECTRONIC COMPONENT

[0001] This is a continuation application of U.S. applica-
tion Ser. No. 15/515,735, entitled “Method for Producing an
Organic Electronic Component, and Organic Electronic
Component” which was filed on Mar. 30, 2017 which is a
national phase filing under section 371 of PCT/EP2014/
079049, filed Dec. 22, 2014, which claims the priority of
German patent application 10 2014 114 231 .4, filed Sep. 30,
2014, all of which are incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The invention relates to a method for producing an
organic electronic component wherein the organic electronic
layer is obtained by means of gas-phase deposition. The
invention further relates to an organic electronic component.

BACKGROUND

[0003] Organic electronics is concerned with applications
of organic matrix materials for converting light into electri-
cal current and vice versa and with the construction of
electrical components using organic semiconductor mate-
rial. Examples of the former category are for instance
photodetectors and organic solar cells, shown diagrammati-
cally in FIG. 1, which convert light into an electrical signal
or into electrical current, and organic light-emitting diodes
(OLEDs), which are capable of generating light by means of
organic electronic materials (see FIG. 2). The second tech-
nological field includes, for example, organic field-effect
transistors, shown diagrammatically in FIG. 3, in which
doping reduces the contact resistance between electrode and
semiconductor material, or bipolar transistors.

[0004] A feature common to all applications is that they
contain electrical transport layers, which have different
conduction mechanisms as a function of the composition
thereof, as a substantial, functional component. A distinction
is generally drawn between an intrinsic p (hole) or n
(electron) conductivity of the organic materials. Since
charge transport by these organic classes of substances is
generally inadequate, they are mixed with additional com-
pounds which are intended to improve the charge transport
properties of the layers. This is conventionally achieved by
doping with metallic or further organic compounds. One
approach to achieving significant improvements in conduc-
tivity is that of adding metal complexes.

[0005] Inventors of the present invention have accordingly
already described the use of bismuth and copper complexes
as p-dopants for organic electronic devices, for example, in
WO 2013/182389 A2 and WO 2011/033023 Al.

[0006] The organic layers of the described devices, which
contain a matrix material together with the respective metal
complex as p-dopant, were obtained, for example, by means
of solvent processes, i.e., wet processing methods. More-
over, organic layers were also produced in the stated patent
specifications by means of gas-phase deposition using point
sources.

[0007] Examples of wet processing methods are in par-
ticular printing methods such as inkjet, gravure and offset
printing. Spin coating and slot coating are further typical
solvent processes.
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[0008] The production of layers of organic electronic
devices by vacuum processes, in contrast, proceeds by
means of sublimation, thus by thermal evaporation. The
organic layers are here deposited from the gas phase onto a
substrate or a pre-existing layer.

[0009] The most efficient organic devices are currently
produced by the latter process and are now also commer-
cially available from pilot production. The efficiency of the
organic electronic devices is also achieved inter alia by the
devices being built up from a very large number of indi-
vidual layers. Each of the layers has a specific physical,
electrical function which also relates to its location in the
component.

[0010] When producing the organic layers by deposition
from the gas phase, the matrix material and the doping agent
are deposited, for example, by coevaporation, preferably
from different sources, onto a substrate or a pre-existing
layer.

[0011] Point sources are conventionally used for this pur-
pose. For example, the inventors of the present invention
carried out a gas-phase deposition of doped organic layers,
in each case by means of point sources, in WO 2011/033023
Al and WO 2013/182389 A2.

[0012] When carrying out deposition from point sources,
the material to be deposited is evaporated in a crucible under
vacuum conditions. Once the material has evaporated, due to
the high average free path length under a vacuum (1072 to
10=° mbar) the molecules land on the substrate without
further collisions. This means that a material needs to be
thermally stable only slightly above the sublimation tem-
perature for it to be possible to deposit it undecomposed on
the substrate.

[0013] Both methods, wet processing methods and depo-
sition from the gas phase via point sources, are compara-
tively gentle methods. They may therefore be used for
numerous different metal complexes.

[0014] Although both wet processing methods and gas-
phase deposition by means of point sources permit produc-
tion of organic electronic devices even under industrial
conditions, the stated methods are suitable only to a limited
extent in particular for coating large-area substrates.

SUMMARY

[0015] Embodiments provide a method for the production
of organic electronic components, in particular, a method
which is also suitable for coating large-area substrates.
[0016] In various embodiments the method for producing
an organic electronic component is accordingly proposed,
wherein the component comprises at least one organic
electronic layer. The organic electronic layer here comprises
a matrix, wherein the matrix contains a metal complex as
dopant. Said dopant may, for example, be a p-dopant. Said
metal complex comprises at least one metal atom M and at
least one ligand L bound to the metal atom M, wherein the
ligands [ mutually independently have the following gen-
eral structure:

R,

X
[,

E! E?
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[0017] E'and E? are here mutually independently oxygen,
sulfur, selenium, NH or NR', wherein R' may be selected
from the group containing alkyl or aryl and may be attached
to the substituted benzene ring of ligand L.

[0018] The substituents R' are mutually independently
selected from the group comprising branched or
unbranched, fluorinated aliphatic hydrocarbons with 1 to 10
C atoms, wherein n=1 to 5. It is thus, for example, possible
for one to five substituents R* to be present which may in
each case mutually independently be selected from the
group comprising branched or unbranched, fluorinated ali-
phatic hydrocarbons with 1 to 10 C atoms. It is thus, for
example, possible for a plurality of identical but also a
plurality of different substituents R to be present.

[0019] The substituents R?> are mutually independently
selected from the group comprising —CN, branched or
unbranched aliphatic hydrocarbons with 1 to 10 C atoms,
aryl and heteroaryl, wherein m=0 to at most 5-n. It is thus,
for example, possible for one or more substituents R* to be
present which are mutually independently selected from the
group comprising —CN;, branched or unbranched aliphatic
hydrocarbons with 1 to 10 C atoms, aryl and heteroaryl. It
is, however, for example, also possible for ligand L to have
no substituents R?.

[0020] Thus, while ligand L. in any event comprises at least
one substituent R', it need not necessarily comprise a
substituent R

[0021] All unsubstituted positions of the benzene ring of
ligand L are occupied with hydrogen or deuterium.

[0022] The metal M may, for example, be a main group
metal or a transition metal.

[0023] Deposition of the dopant of the at least one organic
electronic layer proceeds by means of a source for gas-phase
deposition, wherein the source is configured such that the
dopant undergoes collisions with at least one wall of the
source.

[0024] In contrast with a source as used in the present
invention, in a point source the region of the source in which
the dopant is evaporated, the outlet orifice of the source and
the substrate on which the dopant is deposited are all
arranged in a straight line, such that the dopant has direct
access to the substrate and collisions with the walls of the
source can be avoided.

[0025] In a source as used in the method according to the
invention, the region of the source in which the dopant is
evaporated, the outlet orifice of the source and the substrate
are not arranged in a straight line. The source is instead
distinguished in that the dopant, once it has been evaporated
in a region of the source, still undergoes a deflection within
the source before leaving the source and landing on the
substrate.

[0026] In doing so, the dopant may, for example, undergo
collisions with a plurality of walls of the source. For
example, the gas stream comprising the dopant may be
guided via regions of the source for instance in the form of
tubes, wherein the dopant undergoes numerous collisions
with walls of the source. The walls of the source may, for
example, be heated such that they have a temperature which
is at least as high as the sublimation temperature of the
dopant.

[0027] In comparison with conventional sources for gas-
phase deposition, such sources have the advantage of per-
mitting better guidance of the gas stream. This may in
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particular be advantageous for gas-phase deposition when
large-area substrates are to be coated.

[0028] In the method according to the invention, the
dopant may, for example, undergo several thousand colli-
sions with the walls of the source before leaving the source,
but without decomposing.

[0029] In many sources, the dopant to be deposited suffers
several thousand collisions with the walls of the source
before entering the free vacuum via an outlet orifice, for
example, in the form of a slot or a plurality of holes. In order
to prevent material deposition on the walls of the source,
said walls are frequently heated to temperatures of 20-80
Kelvin or even distinctly higher than the actual sublimation
point of the dopant to be deposited. The dopant must be
capable of withstanding these temperatures during deposi-
tion from the gas phase without decomposing.

[0030] The inventors of the present invention have estab-
lished that while conventional metal complexes which are
used as dopants in organic layers are indeed sufficiently
stable for processing by means of wet processing methods or
gas-phase deposition via point sources, they are not suffi-
ciently stable to be deposited by means of sources in which
the dopant undergoes collisions with at least one wall of the
source.

[0031] The inventors of the present method have, for
example, observed that while the p-dopants of WO 2013/
182389 A2 and WO 2011/033023 Al may indeed generally
be deposited together with suitable matrix materials in the
form of organic layers by means of solvent processes and by
gas-phase deposition from point sources, many of the com-
pounds stated therein are not sufficiently thermally stable for
deposition by means of sources in which the dopant under-
goes collisions with walls of the source. The inventors of the
present invention have, for example, recognized that metal
complexes, for example, of copper or bismuth, are not
sufficiently stable for deposition if they do not comprise
substituents of the form R'. For example, benzoic acid
derivatives with a fluorinated benzene ring but without
substituents in the form of R! are not sufficiently stable to be
used in the method according to the invention.

[0032] The inventors of the present invention have recog-
nized that metal complexes as used in the method according
to the invention according to claim 1 surprisingly have
sufficient thermal stability to be evaporated and deposited by
means of a source, wherein the source is configured such
that the dopant undergoes collisions with at least one wall of
the source.

[0033] The inventors have, for instance, in particular
established that, by introducing at least one substituent R*
which is a branched or unbranched, fluorinated aliphatic
hydrocarbon with 1 to 10 C atoms, it is possible to achieve
a distinct improvement in the thermal stability of the entire
complex, whereby deposition via sources according to claim
1 is enabled for the first time.

[0034] At the same time, the metal complexes as used in
the method according to the invention are distinguished not
only by elevated temperature stability but simultaneously by
sufficiently good doping strengths.

[0035] Layers of organic electronic devices which are
produced with the method according to the invention are
additionally distinguished by elevated optical transparency
in the visible range.

[0036] The metal complexes used in the method according
to the invention are obtainable at prices comparable to those
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for conventional metal complexes and may additionally be
produced without major technical effort.

[0037] Using sources in which the dopant undergoes col-
lisions with at least one wall of the source overall allows
organic electronic components to be manufactured in a less
complex, more cost-effective and time-saving manner. The
method according to the invention is therefore particularly
well suited to use on an industrial scale. The method
according to the invention is in particular distinctly better
suited to coating large-area substrates than conventional
methods which make use, for example, of point sources. The
method according to the invention is thus a large-area
coating method.

[0038] Some terms are briefly defined below:

[0039] For the purposes of the present invention the term
“organic electronic component” means and/or comprises in
particular organic transistors, organic light-emitting diodes,
light-emitting electrochemical cells, organic solar cells, pho-
todiodes and organic photovoltaics in general.

[0040] For the purposes of the present invention, the term
“p-dopant” comprises or means in particular materials which
exhibit Lewis acidity and/or are capable of forming com-
plexes with the matrix material in which these materials
(albeit only formally) act as a Lewis acid.

[0041] A series of preferred embodiments of the method
according to the invention are explained below:

[0042] According to one particularly preferred embodi-
ment, the method according to the invention makes use of a
linear source in gas-phase deposition.

[0043] In linear sources deposition proceeds from the gas
phase via a slot as outlet orifice, for instance in the form of
a row of holes. The molecule here often suffers several
thousand collisions with the walls of the source before
finally entering the free vacuum through the slot or plurality
otf'holes. In order to prevent material deposition on the walls
of the linear source, said walls are often heated to tempera-
tures of 20-80 Kelvin above the actual sublimation point.
Heating to still higher temperatures is also possible.
[0044] Conventional dopants usually decompose in the
event of collisions with the walls of the source. The inven-
tors have, for example, recognized that although many of the
metal complexes of WO 2013/182389 A2 and WO 2011/
033023 Al are indeed sufficiently stable for deposition by
means of point sources, it is not possible, as is experimen-
tally demonstrated, to deposit them by means of linear
sources in which the complexes are exposed to collisions
with the walls of the source.

[0045] The compounds described in the article by Schmid
et al. “Fluorinated Copper(I) Carboxylates as Advanced
Tunable p-Dopants for Organic Light-Emitting Diodes”
(Advanced Materials 2014, vol. 26, 6, 878-885) are also
p-doping agents. While the inventors of the present inven-
tion were able to evaporate and characterize the compounds
described therein undecomposed in a point source, transfer
to a linear source was however not possible.

[0046] According to a preferred embodiment, the method
according to the invention uses a metal complex of the
described form which is Lewis acidic, i.e., which acts as an
electron pair acceptor. This has proved to be particularly
preferred for interaction with the matrix materials.

[0047] One embodiment of the invention relates to the
method according to the invention, wherein the metal com-
plex comprises a plurality of identical ligands L. Such
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complexes are usually simpler to produce than metal com-
plexes with ligands L of different kinds.

[0048] One embodiment of the invention relates to the
method according to the invention, wherein the metal com-
plex comprises at least two ligands L. of different kinds. Such
complexes may also be deposited in sources which are
configured such that the dopant collides with at least one
wall of the source.

[0049] One embodiment of the invention relates to the
method according to the invention, wherein, in addition to
ligand I, the metal complex comprises still further ligands
of another formula which differs from L. Such complexes
are also characterized by elevated thermal stability.

[0050] According to another further development of the
invention, the method according to the invention uses a
metal complex which comprises at least one open or par-
tially accessible coordination site. This has likewise proved
to be particularly preferred for interaction with the matrix
materials.

[0051] One preferred embodiment of the invention relates
to the method according to the invention, wherein the metal
M of the metal complex is selected from the group of main
group metals and transition metals. In particular, the metal
M may be the main group metals of groups 13 to 15 of the
periodic table of elements and the metals Cu, Cr, Mo, Rh and
Ru.

[0052] These complexes have proved to be effective
p-dopants in organic layers of organic electronic devices.
Good p-doping agent effects are achieved with the com-
plexes of said metals thanks to the Lewis acidity thereof. The
described metal complexes are moreover easy to produce
and do not require any complex production methods. In
addition, the conductivity of organic layers may moreover
be adapted to particular requirements simply via the con-
centration of said metals in the doping agents.

[0053] Another further development of the invention
relates to the method according to the invention, wherein the
metal M of the metal complex is bismuth or copper. For
example, it may be a metal complex with bismuth in
oxidation states III or V. Particular preference is here given
to bismuth complexes in oxidation state III. The metal
complex may, for example, be a copper(l) or copper(Il)
complex. Particular preference is here given to copper
complexes in oxidation state I.

[0054] Metal complexes of copper and bismuth have
proved to be particularly effective p-doping agents which are
simple to produce. Organic electronic devices comprising
hole-transport layers comprising said doping agents are, for
example, distinguished by particularly good conductivity. In
addition, corresponding complexes are particularly ther-
mally stable.

[0055] In one particularly preferred embodiment, the sub-
stituent R' is an at least difluorinated substituent, i.e., R*
comprises at least two fluorine atoms. It is still more
preferred for the substituent R! to be a perfluorinated sub-
stituent. The higher the degree of fluorination, the stronger
the stabilizing effect of the substituent on the metal complex.
[0056] One particularly preferred embodiment of the pres-
ent invention relates to the method according to the inven-
tion, wherein at least one of the substituents R* of ligand L
in the metal complex is a —CF; group.

[0057] The inventors of the present invention have recog-
nized that the method according to the invention with this
kind of metal complexes is particularly to be preferred since
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such metal complexes have particularly high thermal stabil-
ity and therefore do not decompose even when used in
sources in which the metal complex collides with at least one
wall of the source.

[0058] The inventors have observed that the electronic and
steric properties of the —CF, group as substituent R of
ligand L result in particularly stable metal complexes. In
particular, very high levels of thermal stability are ensured,
such that metal complexes with the —CF; group as sub-
stituent R! of ligand L only decompose at temperatures far
above the sublimation point.

[0059] The —CF; group also promotes a higher Lewis
acidity of the metal complex and leads to particularly good
doping agent strengths, which promotes conductivity in the
organic layer of the produced organic electronic component.
[0060] In addition, in comparison with other fluorinated
aliphatic hydrocarbons, ligands with —CF; substituents are
more widespread in starting materials for the production of
ligand L, such that ligands in which the substituent R' is a
—CF, group are frequently more readily available and more
inexpensive than ligands with other substituents R*.
[0061] Another embodiment of the invention relates to the
method according to the invention, wherein ligand [ com-
prises precisely two substituents R, which each form a
—CF; group.

[0062] The inventors of the present invention have recog-
nized that, surprisingly, a further improvement in the ther-
mal stability of the metal complex may be achieved by using
two —CF; groups in contrast with using, for example, only
one —CF; group. This results in particularly good results on
application of the organic layer comprising said metal com-
plex as doping agent by means of sources in which the
doping agent, i.e., the dopant, undergoes collisions with at
least one of the walls of the sources.

[0063] Another embodiment of the invention relates to the
method according to the invention, wherein ligand [ com-
prises precisely two substituents R', which each form a
—CF; group and are arranged in 3,5-position on the benzene
ring of ligand L.

[0064] The inventors of the present invention have recog-
nized that complexes comprising ligand . with said con-
nectivity permit particularly high thermal stability. The
inventors have established that particularly good stabiliza-
tion of the metal complex is possible thanks to the steric bulk
of the groups located in 3,5-position on the benzene ring.
[0065] Another embodiment of the invention accordingly
relates to the method according to the invention, wherein the
substituents R are mutually independently selected from the
group comprising —CN, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl and substituted or unsubstituted
phenyl.

[0066] The inventors of the present invention have recog-
nized that it is possible to evaporate such complexes by
means of sources in which the dopant undergoes collisions
with at least one of the walls of the source without decom-
position of the complex. Complexes comprising ligand [ in
which not all the substituents are fluorinated hydrocarbons
may thus also be used in linear sources.

[0067] Another embodiment of the invention relates to the
method according to the invention, in which ligand L of the
metal complex comprises no substituents R, i.e., m=0.
[0068] Since unfluorinated hydrocarbon substituents have
higher reactivity than fluorinated hydrocarbon substituents,
dispensing with a substituent R? leads to a further improve-
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ment in stability and thus better depositability from the gas
phase by means of sources in which the metal complex
collides with at least one of the walls of the source.
[0069] In another preferred further development of the
invention, the metal complex comprises precisely two sub-
stituents R' or still more substituents R'. Two or more
substituents R* lead to particularly good outward shielding
of the complex and therefore permit particularly good sta-
bilization of the metal complex.

[0070] Another further development of the invention
relates to the method according to the invention, wherein
both E* and E? of ligand L of the metal complex are oxygen.
In this case, ligand L is a benzoate derivative substituted
with fluorinated hydrocarbons.

[0071] The inventors of the present invention have estab-
lished that such metal complexes are particularly well suited
to the production of organic electronic devices by means of
deposition via sources, in which the dopant undergoes
collisions with at least one of the walls of the source, since
they are easy to produce, yield metal complexes with good
doping agent strengths and meet particularly high require-
ments for thermal stability. In particular, benzoic acid
derivatives are often readily commercially obtainable or
may be produced without major technical effort.

[0072] One particularly preferred embodiment of the
invention relates to the method according to the invention,
wherein ligand L of the metal complex is mutually inde-
pendently selected from the group comprising:

F3C F;C
|\ AN |\’\
—CF
/ A
0 o®, 0 o®  and
F,C
3 \ \
| g
F
0 o°

[0073] If a plurality of ligands L are present, all ligands L.
of the metal complex may be mutually independently
selected. For example, a plurality of different ones of the
stated ligands L may be present in the metal complex or all
ligands L may also be identical.

[0074] The inventors of the present invention have estab-
lished that metal complexes comprising ligands L from this
group have particularly good thermal stability and addition-
ally have particularly good doping agent properties. It has
surprisingly been found that these metal complexes are
particularly suitable for deposition by means of sources in
which the metal complexes undergo collisions with at least
one wall of the source and nevertheless do not decompose in
the source.

[0075] A further preferred embodiment of the invention
relates to the method according to the invention, wherein
ligand L of the metal complex is mutually independently
selected from the group comprising:
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[0076] The stated examples of ligand L. are commercially
available at reasonable prices and therefore need not be
produced in-house. They are therefore also particularly
suitable for applications on an industrial scale.

[0077] A still more preferred embodiment of the invention
relates to the method according to the invention, wherein
ligand L of the metal complex is

FsC CF;.
oi Eoo

[0078] Using a derivative of benzoic acid comprising two
—CF, substituents in 3,5-position results in metal com-
plexes which are still thermally stable far above the subli-
mation temperature. These complexes are particularly well
suited to a method involving deposition via sources in which
collisions occur with at least one of the walls of the sources,
for example, linear sources. They additionally give rise to
organic electronic devices with excellent electrical proper-
ties.

[0079] In another embodiment of the method according to
the invention, the metal complex used is a mononuclear
metal complex, i.e., a metal complex with only one central
atom.

[0080] In an embodiment of the method according to the
invention which differs therefrom, polynuclear metal com-
plexes are used. In this manner, it is frequently possible to
adjust the conductivity of the organic layers to be deposited
still more effectively thanks to the availability of a plurality
of Lewis acidic centers.

[0081] A further development of the invention relates to
the method according to the invention in which only homo-
leptic metal complexes are used. Such complexes are often
less complex to produce since they only comprise one kind
of ligand of the formula of ligand L. Also, as a consequence,

F;C. i _CF3,
O Oe
and
O Oe
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no other ligands which might potentially reduce the stability
of the entire complex are introduced.

[0082] Another embodiment of the invention relates to the
method according to the invention, wherein ligand L is
mutually independently attached to the metal atom M of the
metal complex by one of the following forms of coordina-
tion:

/
E! TZZ . E7 e and
M ™

\

[0083] Experimental findings by the inventors show that
the bond to the metal atom M may take many and varied
forms. The ligands may be attached in monodentate, biden-
tate or bridging manner in order to bring about the increase
in temperature stability.

[0084] One particularly preferred embodiment of the
invention relates to the method according to the invention,
wherein the metal complex is a bismuth complex and
wherein ligand [ may mutually independently have the
following general structure:

Rl\ “
(i
-

o®

a

O

[0085] wherein substituent R' is selected from the group
comprising branched or unbranched, fluorinated aliphatic
hydrocarbons with 1 to 10 C atoms, and

[0086] wherein substituent R® is selected from the group
comprising branched or unbranched fluorinated or unfluo-
rinated aliphatic hydrocarbons with 1 to 10 C atoms, aryl
and heteroaryl, wherein a may be equal to 0 or 1.

[0087] The inventors of the present invention have recog-
nized that bismuth complexes with said ligands have par-
ticularly high thermal stability. Said complexes may there-
fore be particularly effectively deposited by means of
sources in which collisions occur with at least one of the
walls of the source, for which reason the method permits
production of organic electronic components with particu-
larly little technical effort and is thus particularly inexpen-
sive.
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[0088] Another embodiment of the invention relates to the
method according to the invention, wherein the metal com-
plex has a decomposition temperature which is greater than
10 Kelvin, furthermore greater than 20 Kelvin and in par-
ticular over 40 Kelvin above the sublimation temperature of
the metal complex. The decomposition temperature is most
preferably over 70 Kelvin above the sublimation tempera-
ture of the metal complex.
[0089] The higher is the decomposition temperature above
the sublimation temperature of the metal complex, the more
stable are the metal complexes to collisions with the walls of
the source.
[0090] Another embodiment of the invention relates to the
method according to the invention, wherein the matrix
material of the organic electronic layer, which is deposited
together with the metal complex, for example, by means of
coevaporation, is selected from the group comprising or
consisting of one or more of the following materials, which
may, for example, be used in hole-transport layers:
[0091] NPB (N,N'-bis(naphthalen-1-y1)-N,N'-bis(phenyl)
benzidine),
[0092] pB-NPB (N,N'-bis(naphthalen-2-y1)-N,N'-bis(phe-
nyl)benzidine)

[0093] TPD (N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)
benzidine)

[0094] spiro-TPD  (N,N'-bis(3-methylphenyl)-N,N'-bis
(phenyl)benzidine)

[0095] spiro-NPB  (N,N'-bis(naphthalen-1-y1)-N,N'-bis
(phenyl)spiro)

[0096] DMFL-TPD  N,N'-bis(3-methylphenyl)-N,N'-bis

(phenyl)-9,9-dimethylfluorene)

[0097] N,N'-bis(naphthalen-1-y1)-N,N'-bis(phenyl)-2,2-
dimethylbenzidine

[0098] N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)-9,9-
spirofluorene

[0099] N,N'-bis(naphthalen-1-y1)-N,N'-bis(phenyl)-9,9-
spirofluorene

[0100] DMFL-NPB (N,N'-bis(naphthalen-1-y1)-N,N'-bis
(phenyl)-9,9-dimethylfluorene)

[0101] DPFL-TPD  (N,N'-bis(3-methylphenyl)-N,N'-bis
(phenyl)-9,9-diphenylfluorene)
[0102] DPFL-NPB (N,N'-bis(naphthalen-1-y1)-N,N'-bis

(phenyl)-9,9-diphenylfluorene)

[0103] spiro-TAD (2,2',7,7'-tetrakis(N,N-diphenylamino)-
9,9'-spirobifluorene)

[0104] 9,9-bis[4-(N,N-bis-biphenyl-4-yl-amino)phenyl]-
9H-fluorene

[0105] 9,9-bis[4-(N,N-bis-naphthalen-2-yl-amino)phe-
nyl]-9H-fluorene

[0106] 9,9-bis[4-(N,N'-bis-naphthalen-2-yl-N,N'-bis-phe-
nylamino)phenyl]-9H-fluorene

[0107] N,N'-bis(phenanthren-9-y1)-N,N'-bis(phenyl)ben-
zidine

[0108] 2,7-bis[N,N-bis(9,9-spiro-bifluoren-2-yl)amino]-
9,9-spiro-bifluorene

[0109] 2,2'-bis|N,N-bis(biphenyl-4-yl)amino]-9,9-spiro-
bifluorene

[0110] 2,2'-bis(N,N-di-phenylamino)-9,9-spiro-bifluorene

[0111] di-[4-(N,N-ditolylamino)phenyl]cyclohexane

[0112] 2,2'7,7'-tetra(N,N-ditolyl)amino-spiro-bifluorene

[0113] N,N,N'.N'-tetra-naphthalen-2-yl-benzidine

[0114] 2,2'7,7'-tetrakis[(N-naphthalenyl(phenyl)amino]-
9,9-spirobifluorene
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[0115] spiro-TTB  (2,2.7,7'-tetrakis-(N,N'-di-p-methyl-
phenylamino)-9,9'-spirobifluorene)

[0116] titanium oxide phthalocyanine

[0117] copper phthalocyanine

[0118] 2,3,5,6-tetrafluoro-7,7,8,8,-tetracyano-quinodime-
thane

[0119] 4,4'4"-tris(N-3-methylphenyl-N-phenylamino)tri-
phenylamine

[0120] 4,4',4"-tris(N-(2-naphthyl)-N-phenylamino)triph-
enylamine

[0121] 4,4',4"-tris(N-(1-naphthyl)-N-phenylamino)triph-
enylamine

[0122] 4,4',4"-tris(N,N-diphenylamino)triphenylamine

[0123] pyrazino[2,3-f][1,10]phenanthroline-2,3-dicarbo-
nitrile

[0124] N,N,N',N'-tetrakis(4-methoxyphenyl)benzidine.

[0125] These materials have proved effective as matrix

materials in organic electronic components.

[0126] Another embodiment of the invention relates to the

method according to the invention, wherein the at least one

organic electronic layer of the organic electronic device to

be produced by the method is an electron-blocking layer.

Coevaporation here proceeds by means of sources, wherein

collisions occur with at least one wall of the source, for

example, with linear sources, using at least partially elec-

tron-conducting matrix materials.

[0127] Typical electron-conducting materials are here:

[0128] 2,2'.2"-(1,3,5-benzenetriyDtris(1-phenyl-1H-benz-
imidazole)

[0129] 2-(4-biphenylyl)-5-(4-tert.-butylphenyl)-1,3,4-0x-
adiazole

[0130] 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline

[0131] 8-hydroxyquinolinolato-lithium

[0132] 4-(naphthalen-1-yl)-3,5-diphenyl-4H-1,2,4-triaz-
ole

[0133] 1,3-bis[2-(2,2'-bipyridin-6-y1)-1,3,4-0xadiazo-5-
yl]benzene

[0134] 4,7-diphenyl-1,10-phenanthroline

[0135] 3-(4-biphenylyl)-4-phenyl-5-tert.-butylphenyl-1,2,
4-triazole

[0136] bis(2-methyl-8-quinolinolate)-4-(phenylpheno-
lato) aluminum

[0137] 6,6'-bis[5-(biphenyl-4-yl)-1,3,4-oxadiazo-2-y1]-2,
2'-bipyridyl

[0138] 2-phenyl-9,10-di(naphthalen-2-yl)anthracene

[0139] 2,7-bis[2-(2,2'-bipyridin-6-y1)-1,3,4-0xadiazo-5-
y1]-9,9-dimethylfluorene

[0140] 1,3-bis[2-(4-tert-butylphenyl)-1,3,4-oxadiazo-5-
yl]benzene

[0141] 2-(naphthalen-2-yl)-4,7-diphenyl-1,10-phenan-
throline

[0142] 2,9-bis(naphthalen-2-yl1)-4,7-diphenyl-1,10-
phenanthroline

[0143] tris(2,4,6-trimethyl-3-(pyridin-3-yl)phenyl)borane
1-methyl-2-(4-(naphthalen-2-yl)phenyl)-1H-imidazo[ 4,
5-f][1,10]phenanthroline.

[0144] Blocking and limiting electron flow is of great

significance, for example, for highly efficient organic light-

emitting diodes (OLEDs) and the method according to the

invention is therefore highly beneficial for the purposes of

industrial manufacture.

[0145] In addition to providing the method according to

the invention, the invention also relates to an organic elec-

tronic component comprising at least one organic electronic
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layer. The organic electronic layer comprises a matrix,
wherein the matrix contains a bismuth complex as dopant,
for example, as p-dopant. The bismuth complex comprises
at least one ligand L attached to the bismuth atom, wherein
the ligands [ may mutually independently have the follow-
ing general structure:

Rr!

X
(I

(6] Oe

[0146] wherein the one substituent R* is selected from the
group comprising branched or unbranched, fluorinated ali-
phatic hydrocarbons with 1 to 10 C atoms, and

[0147] wherein the one substituent R? is selected from the
group comprising branched or unbranched fluorinated or
unfluorinated aliphatic hydrocarbons with 1 to 10 C atoms,
aryl and heteroaryl, wherein a may be equal to 0 or 1.

[0148] The inventors of the present invention have estab-
lished that organic electronic devices of this form may be
manufactured with distinctly less technical effort than con-
ventional organic electronic devices.

[0149] This is possible because devices according to the
invention comprise bismuth complexes of the form just
described which are distinguished by particularly high ther-
mal stability. It is therefore also possible to use manufac-
turing methods which require higher thermal stability of the
metal complexes, thus a manufacturing method in which, in
the gas deposition source, complexes collide with at least
one wall of the source or with one another. Manufacture
may, for example, be carried out by means of linear sources
which require particularly high thermal stability.

[0150] A further embodiment of the organic electronic
component according to the invention is distinguished in
that ligand L is independently selected from the group
comprising:

CF3, F5C CFs,

CFs, FsC and

Q,
C
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-continued
F5C

[0151] Apart from being particularly simple to manufac-
ture, these components are also particularly inexpensive
thanks to the thermal stability of the bismuth complexes,
since the stated ligands are commercially available at rea-
sonable prices and thus in-house manufacture is not neces-
sary.

[0152] One particularly preferred embodiment of the
organic electronic component according to the invention
relates to a component, wherein ligand L. of the bismuth
complex is substituted in positions 3 and 5 of the benzene
ring. Such complexes are particularly stable.

[0153] One particularly preferred embodiment of the
organic electronic component according to the invention
relates to a component, wherein ligand L. of the bismuth
complex is

FsC CF.

(6] Oe

[0154] One particularly preferred embodiment of the
organic electronic component according to the invention
relates to a component, wherein the bismuth complex is the
complex

CF;

[0155] The inventors of the present invention have
observed that this complex exhibits both good doping agent
properties and particularly high temperature stability. The
complex is still stable at temperatures 70° C. above its
sublimation temperature and therefore excellently well
suited to manufacturing methods which demand high ther-
mal stability of the doping agents used. The complex is also
excellently well suited to gas-phase deposition in sources
which demand particular stability of the complex, in par-
ticular sources in which collisions occur with at least one
wall of the source. The complex may, for example, be
applied with little effort together with the matrix material in
the context of deposition by means of linear sources.

[0156] For these reasons, organic electronic devices com-
prising the stated complex are also particularly simple and
inexpensive to produce on a large industrial scale and at the
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same time have organic electronic layers with very good
electrical properties, for example, with regard to conductiv-
ity.

[0157] The above-stated components together with the
claimed components described in the exemplary embodi-
ments for use according to the invention are not subject to
any particular exceptional conditions with regard to size,
shape, material selection and technical design and therefore
the selection criteria known in the field of use may be
applied without restriction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0158] Further details, features and advantages of the
subject matter of the invention may be inferred from the
following description of the figures and the associated
examples and reference examples.

[0159] In the figures:

[0160] FIG.1 is a schematic diagram of the structure of an
organic light-emitting diode;

[0161] FIG.2 is a schematic diagram of the structure of an
organic solar cell;

[0162] FIG. 3 is a schematic diagram of a possible cross-
section of an organic field-effect transistor;

[0163] FIG. 4 shows the structure of a prior art point
source;
[0164] FIG. 5 shows the structure of a linear source, taking

a schematic diagram of a linear source;

[0165] FIG. 6 shows, with regard to example I, current
density plotted against voltage for the undoped matrix
material and for the doped matrix material;

[0166] FIG. 7 shows, with regard to example II, current
density plotted against voltage and current density plotted
against external field strength for 1-TNata doped with bis-
muth(I1l) tris-3,5-trifluoromethylbenzoate;

[0167] FIG. 8 shows, with regard to example II, current
density plotted against voltage and current density plotted
against external field strength for the matrix materials
1-TNata, spiro-TTB and a-NPB doped with bismuth(III)
tris-3,5-trifluoromethylbenzoate;

[0168] FIG.9 shows, with regard to reference example I,
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(IIl) tris(2,6-difluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources;

[0169] FIG. 10 shows, with regard to reference example I,
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(1) tris(2,6-difluorobenzoate);

[0170] FIG. 11 shows, with regard to reference example 11,
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(IIl) tris(4-fluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources;

[0171] FIG. 12 shows, with regard to reference example 11,
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(II1) tris(4-fluorobenzoate);

[0172] FIG. 13 shows, with regard to reference example
111, current density plotted against voltage and current den-
sity plotted against external field strength for 1-TNata doped
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with bismuth(IIl) tris(3-fluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources;

[0173] FIG. 14 shows, with regard to reference example
111, current density plotted against voltage and current den-
sity plotted against external field strength for the matrix
materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(3-fluorobenzoate);

[0174] FIG. 15 shows, with regard to reference example
1V, current density plotted against voltage and current den-
sity plotted against external field strength for 1-TNata doped
with bismuth(IIl) tris(3,5-difluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources;

[0175] FIG. 16 shows, with regard to reference example
1V, current density plotted against voltage and current den-
sity plotted against external field strength for the matrix
materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(3,5-difluorobenzoate);

[0176] FIG. 17 shows, with regard to reference example V,
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(III) tris(3,4,5-trifluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources;

[0177] FIG. 18 shows, with regard to reference example V,
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(I10) tris(3,4,5-trifluorobenzoate);

[0178] FIG. 19 shows, with regard to reference example
VI, current density plotted against voltage and current
density plotted against external field strength for 1-TNata
doped with bismuth(IIl) tris(perfluorobenzoate) for the
doped matrix material obtained by deposition by means of
point sources;

[0179] FIG. 20 shows, with regard to reference example
VI, current density plotted against voltage and current
density plotted against external field strength for the matrix
materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(perfluorobenzoate);

[0180] FIG. 21 shows, with regard to reference example
VII, current density plotted against voltage and current
density plotted against external field strength for 1-TNata
doped with bismuth(IIl) tris(4-perfluorotoluate) for the
doped matrix material obtained by deposition by means of
point sources;

[0181] FIG. 22 shows, with regard to reference example
VII, current density plotted against voltage and current
density plotted against external field strength for the matrix
materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(4-perfluorotoluate);

[0182] FIG. 23 shows, with regard to reference example
VIII, current density plotted against voltage and current
density plotted against external field strength for 1-TNata
doped with bismuth(III) tris(trifluoroacetate) for the doped
matrix material obtained by deposition by means of point
sources;

[0183] FIG. 24 shows, with regard to reference example
VIII, current density plotted against voltage and current
density plotted against external field strength for the matrix
materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(trifluoroacetate);
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[0184] FIG. 25 shows, with regard to reference example
IX, current density plotted against voltage and current
density plotted against external field strength for 1-TNata
doped with bismuth(III) tris(triacetate) for the doped matrix
material obtained by deposition by means of point sources;
and

[0185] FIG. 26 shows, with regard to reference example
IX, current density plotted against voltage and current
density plotted against external field strength for the matrix
materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(triacetate).

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0186] FIG.1 is a schematic diagram of the structure of an
organic light-emitting diode (10). The light-emitting diode is
made up of a glass layer (1); Transparent Conductive Oxide
(TCO) or PEDOT:PPS or PANI layer (2); hole-injection
layer (3); hole-transport layer (HTL) (4); emitter layer
(EML) (5); hole-blocking layer (HBL) (6); electron-trans-
port layer (ETL) (7); electron-injection layer (8) and a
cathode layer (9);

[0187] FIG. 2 is a schematic diagram of the structure of an
organic solar cell with PIN structure (20) which converts
light (21) into electrical current. The solar cell consists of a
layer of indium-tin oxide (22); a p-doped layer (23); an
absorption layer (24); an n-doped layer (25) and a metal
layer (26);

[0188] FIG. 3 is a schematic diagram of a possible cross-
section of an organic field-effect transistor (30). A gate
electrode (32), a gate dielectric (33), a source and drain
contact (34+35) and an organic semiconductor (36) are
applied onto a substrate (31). The crosshatched portions
indicate the portions where contact doping is helpful.
[0189] FIG. 4 shows the structure of a prior art point
source from Creaphys. The point source has a crucible (41).
The material to be deposited is evaporated in the crucible
under vacuum conditions. Once the material has evaporated,
the molecules leave the point source via the outlet orifice
(42). Because of the large average free path length under a
vacuum (107> to 10~¢ mbar), the molecules, for example, of
a metal complex acting as dopant, land without further
collisions on the substrate. This means that a material needs
to be thermally stable only slightly above the sublimation
temperature for it to be possible to deposit it undecomposed
on the substrate. In particular, a doping agent deposited by
means of a point source does not land on walls of the source,
but, by being directly arranged at the orifice of the source,
may instead be deposited directly on the substrate to be
coated. The region of the crucible, in which the dopant
evaporates, together with the outlet orifice and the substrate
are thus in a rectilinear arrangement. In particular, the
dopant can be deposited without being deflected via line
systems or spraying systems before it lands on the substrate.
[0190] FIG. 5 shows the structure of a linear source, taking
a schematic diagram of a linear source from Vecco by way
of'example. The linear source has a crucible (51), which may
be removable. Once the material to be deposited, for
example, the dopant, has evaporated in the crucible, the
dopant, which is in the gas phase, is guided via lines (53) to
the outlet orifice (52). The outlet orifice (52) may here, for
example, take the form of a slot or consist of a row of holes.
The linear source does not provide the dopant with direct,
rectilinear access to the substrate, the dopant instead being
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often repeatedly deflected in the linear source. The dopant
consequently collides numerous times with the walls of the
linear source. The linear source may furthermore contain
controllable valves (54), flow controllers (56) and corre-
sponding cabling (55) for electronic control for instance of
the heating device or the valves. Purposeful guidance of the
gas stream means that large-area deposition can be achieved
particularly effectively.

[0191] FIG. 6 shows, for example, I current density plot-
ted against voltage for the undoped matrix material and for
the doped matrix material. The matrix material used was the
hole conductor 2,2',7,7'-tetra(N,N-ditolyl)amino-9,9-spiro-
bifluorene, abbreviated to spiro-TTB. The current density-
voltage characteristic curve demonstrates the adequate dop-
ing behavior of 15% Cu(3,5-tfmb) in the hole conductor
spiro-TTB.

[0192] FIG. 7 shows with regard to example II current
density plotted against voltage and current density plotted
against external field strength for 1-TNata doped with bis-
muth(Ill) tris-3,5-trifluoromethylbenzoate. The measure-
ments were made on doped matrix materials produced by
means of point sources in order to permit a comparison of
electrical properties under identical conditions with the
comparative examples. Measurement was made at each of
three different doping agent contents. The voltage charac-
teristic curve demonstrates good conductivities and substan-
tiates the good doping agent strength of bismuth(III) tris-3,
S-trifluoromethylbenzoate.

[0193] FIG. 8 shows with regard to example II current
density plotted against voltage and current density plotted
against external field strength for the matrix materials
1-TNata, spiro-TTB and a-NPB doped with bismuth(III)
tris-3,5-trifluoromethylbenzoate.

[0194] FIG. 9 shows with regard to reference example I
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(IIl) tris(2,6-difluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources. Measurement was made at each of three different
doping agent contents.

[0195] FIG. 10 shows with regard to reference example |
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(I1I) tris(2,6-difluorobenzoate).

[0196] FIG. 11 shows with regard to reference example 11
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(IIl) tris(4-fluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources. Measurement was made at each of three different
doping agent contents.

[0197] FIG. 12 shows with regard to reference example 11
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(I1) tris(4-fluorobenzoate).

[0198] FIG. 13 shows with regard to reference example II1
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(IIl) tris(3-fluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources. Measurement was made at each of three different
doping agent contents.
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[0199] FIG. 14 shows with regard to reference example II1
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(IIT) tris(3-fluorobenzoate).

[0200] FIG. 15 shows with regard to reference example IV
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(IIl) tris(3,5-difluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources. Measurement was made at each of three different
doping agent contents.

[0201] FIG. 16 shows with regard to reference example IV
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(1) tris(3,5-difluorobenzoate).

[0202] FIG. 17 shows with regard to reference example V
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(I1I) tris(3,4,5-trifluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources. Measurement was made at each of three different
doping agent contents.

[0203] FIG. 18 shows with regard to reference example V
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(I1I) tris(3,4,5-trifluorobenzoate).

[0204] FIG. 19 shows with regard to reference example VI
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(Ill) tris(perfluorobenzoate) for the doped
matrix material obtained by deposition by means of point
sources. Measurement was made at each of three different
doping agent contents.

[0205] FIG. 20 shows with regard to reference example VI
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(II1) tris(perfluorobenzoate).

[0206] FIG. 21 shows with regard to reference example
VII current density plotted against voltage and current
density plotted against external field strength for 1-TNata
doped with bismuth(IIl) tris(4-perfluorotoluate) for the
doped matrix material obtained by deposition by means of
point sources. Measurement was made at each of three
different doping agent contents.

[0207] FIG. 22 shows with regard to reference example
VII current density plotted against voltage and current
density plotted against external field strength for the matrix
materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(4-perfluorotoluate).

[0208] FIG. 23 shows with regard to reference example
VIII current density plotted against voltage and current
density plotted against external field strength for 1-TNata
doped with bismuth(III) tris(trifluoroacetate) for the doped
matrix material obtained by deposition by means of point
sources. Measurement was made at each of three different
doping agent contents.

[0209] FIG. 24 shows with regard to reference example
VIII current density plotted against voltage and current
density plotted against external field strength for the matrix
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materials 1-TNata, spiro-TTB and a-NPB doped with bis-
muth(I1l) tris(trifluoroacetate).

[0210] FIG. 25 shows with regard to reference example IX
current density plotted against voltage and current density
plotted against external field strength for 1-TNata doped
with bismuth(I1I) tris(triacetate) for the doped matrix mate-
rial obtained by deposition by means of point sources.
Measurement was made at each of three different doping
agent contents.

[0211] FIG. 26 shows with regard to reference example IX
current density plotted against voltage and current density
plotted against external field strength for the matrix mate-
rials 1-TNata, spiro-TTB and a-NPB doped with bismuth
(1) tris(triacetate).

[0212] The two examples I and II will be presented below.
The two metal complexes copper(l) bis-trifluoromethylben-
zoate (example 1) and bismuth(III) tris-3,5-trifluoromethyl-
benzoate (example II) are extraordinarily thermally stable
with decomposition temperatures distinctly above the sub-
limation temperature thereof. Both complexes can be depos-
ited by means of sources in which the complexes undergo
collisions with at least one wall of the source. For example,
both complexes have stability which is sufficiently high for
gas-phase deposition via linear sources. This has been
confirmed experimentally by “ampoule tests”.

[0213] None of the further reference examples, namely
reference examples I to IX, exhibited sufficient stability in
ampoule tests. The inventors have established experimen-
tally that these substances are not suitable for deposition by
means of sources in which the complexes undergo colli-
sions.

[0214] The electrical properties of the respective doped
layers are likewise investigated below. Since each of the
metal complexes of reference examples 1 to IX is not
sufficiently stable for deposition by means of sources in
which collisions occur with at least one wall of the source,
measurements were made on organic electrical layers depos-
ited via point sources and compared with one another. The
complexes of reference examples 1 to IX, for example, are
not sufficiently stable for deposition by means of linear
sources.

Example [

[0215] Example I relates to the metal complex copper(l)
bistrifluoromethylbenzoate, hereinafter abbreviated to Cu(3,
5-tfmb).

[0216] In general, many copper(l) complexes of fluori-
nated benzoate derivatives may be produced in the following
manner:

0
F5C
F;C
2 CwmO + 2 - oh,
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[0217] A multiplicity of the metal complexes used in the

method according to the invention may be produced in
similar manner.

[0218] The metal complex 3,5-bis-(trifluoromethylbenzo-
ate) may for instance accordingly be obtained from Cu(l)
trifluoroacetate in accordance with the following method:
[0219] 5 g (7.08 mmol) Cu(l) trifluoroacetate is weighed
out together with 7.5 g (29.03 mmol) 3,5-bis-(trifluorom-
ethylbenzoic acid) in a 250 ml two-necked flask under inert
gas (for example, in a glove box). The mixture is combined
with 80 ml toluene and 70 ml benzene, giving rise to a
greenish reaction solution. The latter is gently refluxed
overnight (bath temperature approx. 90° C.), whereupon the
solvent is removed by distillation. A grayish cream-colored
product remains, which is dried under a vacuum. Yield is
6.98 g (76%) after single sublimation. The sublimation
range of the substance is 160-180° C. at 2x107> mbar.
[0220] It was possible to demonstrate by ampoule tests
that Cu(3,5-tfmb) is stable up to at least 225° C.

[0221] In ampoule tests, approx. 100 to 500 mg of the
substance to be investigated is melted at a base pressure of
10~° to 107° mbar. The ampoule is then heated in an oven

11
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and kept at the respective temperature for approx. 100 hours.
It is possible to recognize by visual inspection whether the
metal complex has decomposed because decomposition
leads to discoloration, frequently to a brown color. Finally,
after around 100 hours at the first test temperature, the
ampoule is further heated in 10-20 Kelvin steps and again
left in the oven at the new test temperature for around 100
hours. The experiment is continued until it is finally possible
to conclude that decomposition has occurred due to discol-
oration.

[0222] In addition, in a control experiment, in each case
following the visual determination, a further ampoule con-
taining a new sample of the same metal complex to be tested
is again heated in the oven for around 100 hours. Heating
here proceeds to a temperature just below the visually
determined decomposition temperature. The sample treated
in this manner is then investigated by elemental analysis and
in this manner the stability of the complex is confirmed on
the basis of the elemental composition.

[0223] For copper(l) bis-trifluoromethylbenzoate accord-
ing to example I, ampoule tests were carried out for three
different temperatures: 210° C., 230° C. and 240° C.
[0224] The measurements demonstrate that the complex is
stable up to at least 225° C. This was confirmed by means
of elemental analysis.

[0225] Cu(3,5-tfmb) is thus suitable for deposition from
the gas phase also by means of sources in which the complex
collides with at least one of the walls of the sources.
Deposition from the gas phase via linear sources is possible,
for example.

[0226] Layers doped with Cu(3,5-tfinb) have very good
optical transparency in the visible range. Cu(3,5-tfmb) is
additionally distinguished by sufficiently good doping agent
strength.

[0227] As is furthermore shown by FIG. 6, organic layers
doped with Cu(3,5-tfmb) have good conductivities.

Example 11

[0228] Example II relates to a method according to the
invention, wherein the metal complex is bismuth(III) tris-
3,5-trifluoromethylbenzoate, hereinafter abbreviated to
Bi(3,5-tfmb)s.

[0229] Bismuth complexes according to example II and
the metal complexes described below of reference examples
1 to VII were produced in accordance with the following
general method according to scheme 1:

Scheme 1:

4//\\\“_.31 +
&

R4 RE
HO _ 3 @
RC —_— =
solvent:
@)
RE RP
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-continued

R4 RZ

RC

[0230] For Bi(3,5-tfmb),, residues R? and R®, thus the
residues in 3,5-position, are each CF; substituents and resi-
dues R4, R“ and R” are each hydrogen atoms.

[0231] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(3,5-tfmb); had been
obtained (measured: carbon in % 33.5; hydrogen in % 0.5;
calculated: carbon in % 33.06; hydrogen in % 0.92).
[0232] The thermal stability of bismuth(III) tris-3,5-trif-
luoromethylbenzoate was determined with the assistance of
ampoule tests, as have already been described in connection
with example 1. According to said tests, the metal complex
is stable at 330° C. even in the event of thermal treatment
over an interval of time of 144 hours. No discoloration in the
ampoule is to be observed at temperatures of below 330° C.
Only from 330° C. does slight discoloration become visible.
Elemental analysis data also confirm that, within the limits
of statistical error, the complex is thermally stable up to 330°
C.

[0233] As shown in table 1, similar tests were carried out
in each case for 144 hours at the temperatures 260° C., 280°
C., 315° C. and 330° C. Samples of the heat-treated sub-
stance were in each case investigated by means of elemental
analysis, with the carbon content being determined. On the
basis of the deviation of the carbon content determined in
this manner from the expected carbon content of the unde-
composed complex, it is possible to draw conclusions as to
the degree of decomposition of the complex after the respec-
tive heat treatment. The inventors were able to demonstrate
on the basis of the test series that bismuth(IIl) tris-3,5-
trifluoromethylbenzoate according to example II has par-
ticularly high thermal stability and, taking account of sta-
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tistical error, only exhibits clear signs of decomposition at
temperatures of above 330° C.

TABLE 1

Determination of carbon content by means of elemental analysis at
two different locations (location A and location B) of the ampoule
on which substance has in each case been deposited after the ampoule
test. The slight deviations of the determined carbon content up to
temperatures of 330° C. from the theoretically calculated content
(of 33.06%) demonstrate the high thermal stability of bismuth(III)
tris-3,5-trifluoromethylbenzoate. Clear signs of decomposition of

the complex are only observed at temperatures of above 330° C.

Location A Location B

3x sublimated no material theoret. value +0.44% C

material

144 h at 260° C. theoret. value +0.49% C theoret. value +0.05% C
144 h at 280° C. theoret. value +0.63% C  theoret. value +0.12% C
144 h at 300° C. theoret. value +0.49% C no material

144 h at 315° C. theoret. value +0.47% C  theoret. value +0.18% C
144 h at 330° C. theoret. value +0.14% C  decomposition

[0234] Elemental analysis thus confirms stability of the
complex up to 330° C. taking account of statistical error.

[0235] Doping agents with fluorinated alkyl substituents
R!, as is apparent from the example of bismuth(III) tris-3,
S-trifluoromethylbenzoate, are particularly suitable, thanks
to their high thermal stability, for gas-phase deposition by
means of sources in which the metal complexes, i.e., the
dopants, undergo collisions with at least one wall of the
source. For example, the metal complexes are sufficiently
stable to be depositable from the gas phase via linear sources
without decomposition.

[0236] Layers doped with Bi(3,5-tfmb); layers have very
good optical transparency in the visible range.

[0237] Bi(3,5-tfmb), is additionally distinguished by suf-
ficiently good doping agent strength. This is further clarified
by the experimental data summarized below.

[0238] FIGS. 7 and 8 and tables 2 and 3 summarize the
electrical properties of organic layers doped with Bi(3,5-
tfmb);.

TABLE 2

Summary of the electrical properties of 1-TNata doped with Bi(3,5-tfimb);. Electrical properties are
in particular investigated on the matrix at three different doping agent contents (1:8, 1:4 and 1:2).

(1:8) (14 (1:2)

Exp. molar ratio
0o (S em™h)
Peso (@ cm™)
E; KV - cm™)
€

r+1

Ho (cn}/z- Vll/.zsil)
Y (em™ - V1?)

1/8.08 (7.64 ;%)
4.08 - 1077 (x1.00%)
1.96 - 107 (£5.65%)

3.24 (£1.72%)
3.20 £ 1073 (£25%)*
2.54 - 1074 (£4.9%)*

1/4.07 (14.11 ,,, %)
7.01 - 1077 (£4.61%)
1.72 - 105 (£5.14%)
<0.25
Too conductive
2.33 (x4.61%)
Ballistic

1/1.99 (25.14 ;%)
5.27 - 1077 (£0.88%)
4.64 - 10° (£3.86%)

1.59 (242 %)
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[0239] The electrical properties for the various materials
shown in table 2 and all the further tables were determined
by measurements made on 200 nm thick organic layers
supported on ITO (indium tin oxide) substrates and obtained
by coevaporation via point sources.

[0240] “Exp. molar ratio” here in each case denotes the
molar ratio of matrix material and the metal complex. “o0,”
denotes the conductivity of the measured organic electronic
layer. “p_.,” denotes the contact resistance. “E,,” denotes
the electrical field strength of the internal electrical field of

Nov. 16, 2017
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stated papers by Steiger et al. and Schwoerer et al. and refers
to a transport regime for the charge carriers of the organic
electrical layer. The terms “ballistic”, “trapping” and
“aging” here refer to further transport regimes in accordance
with the various models of conductivity described in the
literature. The various conductivity regimes may here be
recognized from the exponent of current-voltage depen-
dency.

[0243] The respective abbreviations also apply similarly
for tables 3 to 21.

TABLE 3

Summary of the electrical properties of matrix materials 1-TNata, a-NPB and spiro-TTB doped with

(1:2) Bi(3,5-tfimb);. The electrical properties when doping different matrix materials are compared.

1-TNata a-NPB spiro-TTB

Exp. molar ratio
0o (S em™h)

Pe. 0 (@ cm™)
By (KV - cm™)

r+1

1/1.99 (25.14 ,,,%)
5.27 - 1077 (x0.88%)
4.64 - 10° (£3.86%)

Too conductive

1/1.99 (35.32 ;%)
1.05 - 1077 (£1.23%)
3.55 - 108 (+7.18%)

<0.25
2.15 (£5.07%)
3.15 (£3.71%)

1/2.00 (19.99 ;%)
4.60 - 1076 (£0.63%)
476 - 10° (+4.76%)

Too conductive

1.59 (£2.42%) 2.24 (£3.01%)

o (em? - V- s7h Ballistic 5.28 - 107> (£37.3%) Ballistic
¥ (em!? - V12 1.88 - 1076 (x11.4%)
[0244] The measurements confirm that matrix materials

the semiconductor material (“built-in electric field”; this
field strength is obtained from the difference in the work
function between anode and cathode of the organic elec-
tronic component). “C,” indicates the dielectric constant of
the material obtained by coevaporation.

[0241] A series of further parameters was determined in
connection with the transport regime of the charge carriers
in the organic electrical layer, as are described in various
theories of conductivity in the literature. “r” here denotes an
empirical factor (“trap distribution factor”) which describes
an exponential distribution in accordance with the charge
carrier transport models (Steiger et al. “Energetic trap dis-
tributions in organic semiconductors” Synthetic Metals
2002, 129 (1), 1-7; Schwoerer et al. “Organic Molecular
Solids”, Wiley-VCH, 2007). “u,” denotes charge carrier
mobility and y denotes the field-activation factor. y is for
instance of significance in connection with a description of
charge transport according to the Murgatroyd equation:
Murgatroyd, P. N. “Theory of space-charge-limited current
enhanced by Frenkel effect” Journal of Physics D: Applied
Physics 1979, 3 (2), 151.

[0242] The terms “too conductive”, “ballistic”, “no ohmic
contact”, “trapping”, “aging”, “no TFLC”, “compliance”
used in tables 2 to 31 in each case have the following
meanings: “Too conductive” means that the measurement is
not meaningful due to excessively high layer conductivity.
“No ohmic contact” indicates that no electrical contact was
present. “Compliance” indicates that the preset current limi-
tation of the measuring instrument was achieved. “TFLC”
denotes “trap-filled limited regime” in accordance with the

doped with Bi(3,5-tfmb), have good electrical properties, in
particular sufficiently good conductivities.

[0245] This is clarified below by a comparison with the
electrical properties of a multiplicity of further complexes
which, in contrast with Cu(3,5-tfmb) according to example
I and Bi(3,5-tfimb); according to example II, did not exhibit
sufficient thermal stability in ampoule tests and are therefore
not suitable for deposition from the gas phase by means of
sources in which collisions occur with at least one wall of
the source.

Reference Example 1

[0246] Reference example I relates to the use of bismuth
(I1I) tris(2,6-difluorobenzoate), abbreviated to Bi(2,6-dfb);,
as a metal complex for gas-phase deposition.

[0247] Bi(2,6-dfb); was synthesized in accordance with
scheme 1. For Bi(2,6-dfb),, residues R* and R” in scheme 1
are in each case fluorine atoms and the remaining substitu-
ents R?, R and R” in each case hydrogen atoms.

[0248] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(2,6-tfmb); had been
obtained (measured: carbon in % 36.2; hydrogen in % 1.5;
calculated: carbon in % 37.06; hydrogen in % 1.32).

[0249] FIGS. 9 and 10 and tables 4 and 5 summarize the
electrical properties of organic layers doped with Bi(2,6-
dfb);.
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Summary of the electrical properties of 1-TNata doped with Bi(2,6-dfb),.

(1:8)

(1:4)

(1:2)

Exp. molar ratio
0o (S em™)
Pe. 0 (@ em™)
By (KV - cm™h)
Er

r+1

Lo (em? - V- s
v (em!? - V12

-1

1/8.07 (4.57 ,,,%)

6.98 + 1078 (£2.18%)

13.6 (£19.3%)
2.48 (£4.21%)
15.2 (£6.60%)
4.82 - 1076 (£8.71%)
2.01 - 1073 (£0.81%)

1/3.96 (8.90 ,,%)

3.62 - 1078 (£2.56%)
no ohmic contact
12.3 (£12.2%)

245 (x11.9%)

13.3 (£6.80%)

3.18 - 107° (£16.6%)
1.78 - 1073 (x0.89%)

1/2.00 (16.22 ,,,%)

4.80 - 1078 (£1.25%)

9.50 (x13.2%)
3.51 (£53.2%)
12.1 (£6.11%)
3.95 - 107 (£58.2%)
9.82 - 107 (£1.23%)
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TABLE 5

Summary of the electrical properties of matrix materials 1-
TNata, a-NPB and spiro-TTB doped with (1:2) Bi(2,6-dfb),.

1-TNata a-NPB spiro-TTB

Exp. molar ratio 1/2.00 (1622 ,,,%) 1/2.02 (23.72 ,,,%) 1/1.96 (12.87 ;%)

0o (S em™) 4.80 - 1078 (£1.25%) 4.89 - 107 (£2.82%) 2.04 - 1077 (£1.90%)
Pe; 0 (2 em™2) no ohmic contact

Ej (kV - cm™) 9.50 (£13.2%) 30.0 (£9.17%) 12.5 (£46.0%)
€, 3.51 (£53.2%) 2.34 (£3.83%) 3.01 (£5.83%)
r+ 1 12.1 (£6.11%) 22.5 (£54.9%) 17.0 (£4.08%)

7.09 - 1077 (£8.73%)
4.94 - 1073 (x1.27%)

1.45 - 107 (£9.65%)
4.33 - 1073 (x0.78%)

po (em? - V- 574
v (em"? - V12

3.95 - 107° (£58.2%)
9.82 - 107 (£1.23%)

[0252] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(4-fb); had been
obtained (measured: carbon in % 42.4; hydrogen in % 2.3;
calculated: carbon in % 40.26; hydrogen in % 1.92).

[0253] FIGS. 11 and 12 and tables 6 and 7 summarize the
electrical properties of organic layers doped with Bi(4-tb);.

Reference Example 11
[0250] Reference example II relates to the use of bismuth
(IIT) tris(4-fluorobenzoate), abbreviated to Bi(4-fb);, as a
metal complex for gas-phase deposition.
[0251] Bi(4-fb); was synthesized in accordance with
scheme 1. For Bi(4-1b),, the residues R%, R?, R” and R in
scheme 1 are hydrogen atoms and only R is a fluorine atom.

TABLE 6

Summary of the electrical properties of 1-TNata doped with Bi(4-fb)s.

(1:8) 14 (1:2)

1/4.02 (8.74 ,,,%)
1.62 - 1077 (£1.80%)

1/1.99 (16.20 ;'
2.50 - 1077 (£1.21%)

Exp. molar ratio %)

O, (S em™)

1/8.09 (4.54 ,,,%)
2.33 - 1077 (£1.60%)

Pe, 0 (R cm™2) no ohmic contact 3.80 - 10% (£9.84%)
E,; (kV - em™) 6.38 (£64.7%) 3.13 (£100%) <0.25

€, 2.75 (£2.63%) 2.52 (£16.4%) 2.91 (£9.61%)
r+1 18.5 (x8.97%) 9.02 (£2.62%) 5.40 (£2.05%)

3.74 - 1077 (£7.51%)
2451073 (£1.15%)

1.19 - 107° (x21.5%)
1.59 - 1073 (£0.93%)

3.30 - 1077 (£15.4%)
1.12 - 107* (£6.68%)

lg (em? - V157
v (em?? - V12

TABLE 7

Summary of the electrical properties of matrix materials
1-TNata, o-NPB and spiro-TTB doped with (1:2) Bi(4-fb).

1-TNata a-NPB spiro-TTB

Exp. molar ratio
0, (S em™)

Pe. 0 (@ em™)
Ep; KV - cm™)
€

r+1

Ho (cnlj/zz. Vll/.zsil)
Y (em'? - V1?)

1/1.99 (16.20 ,,,%) 1201 (23.74 ,,,%)

1/1.97 (12.74 ;%)

2.50 - 1077 (£1.21%)
3.80 - 10° (£9.84%)

5.72- 1077 (£1.11%)

1.99 - 1076 (x0.81%)

no ohmic contact

<0.25
2.91 (£9.61%)
5.40 (£2.05%)

3.30 - 107 (£15.4%)

1.12 - 107 (£6.68%)

2.36 (£7.06%)
7.23 (£17.06%)
Trapping

7.75 (+80.7%)

3.32 (£7.14%)

13.7 (£2.08%)
Aging
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Reference Example 111

[0254] Reference example 111 relates to the use of bismuth
(IIT) tris(3-fluorobenzoate), abbreviated to Bi(3-fh);, as a
metal complex for gas-phase deposition.

[0255] Bi(3-fb); was synthesized in accordance with
scheme 1. For Bi(3-fb),, the residues R*, R, R” and R in
scheme 1 are hydrogen atoms and only R? is a fluorine atom.
[0256] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(3-tb); had been
obtained (measured: carbon in % 39.2; hydrogen in % 2.3;
calculated: carbon in % 40.26; hydrogen in % 1.92).
[0257] FIGS. 13 and 14 and tables 8 and 9 summarize the
electrical properties of organic layers doped with Bi(3-1b),.

TABLE 8
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Summary of the electrical properties of 1-TNata doped with Bi(3-fb),.

(1:8) (1:4)

(1:2)

Exp. molar ratio 1/8.16 (4.62 ;%) 1/3.97 (9:07 ;%)

1/1.94 (16.92 ,,,%)

0o (S em™) 1.73 - 1077 (£1.51%) 1.48 - 1077 (£0.96%) 1.38 - 1077 (£1.27%)
Pe; 0 (2 em™?) no ohmic contact 9.07 + 10° (£9.56%)
By (KV - cm™) 8.38 (£25.4%) 0.63 (£100%) <0.25

€, 3.57 (£35.5%) 3.22 (£9.91%) 3.64 (£6.24%)
r+l 12.5 (£3.23%) 6.22 (£1.90%) 4.67 (x2.12%)
o (em? - V- s7h 9.07 + 107° (£40.2%) 7.52 - 1076 (£14.8%) 3.37 - 107 (£11.6%)
¥ (em!? - V1?2 1.52 - 1073 (£1.04%) 1.36 - 1073 (£1.19%) 1.95 - 1073 (x1.13%)

TABLE 9

Summary of the electrical properties of matrix materials
1-TNata, o-NPB and spiro-TTB doped with (1:2) Bi(3-fb)s.

1-TNata a-NPB

spiro-TTB

Exp. molar ratio %)

0o (S em™)

1/1.94 (16.92 .,
1.38 - 1077 (£1.27%)

%) 1/2.05 (23.85 ,,

6.10 - 1078 (x0.88%)

Pe; 0 (2 em™2) 9.07  10°% (£9.56%) no ohmic contact
Ep; (kV - em™) <0.25 21.38 (£13.5%)
€, 3.64 (£6.24%) 2.62 (£7.18%)
r+1 4.67 (x2.12%) 17.0 (x16.9%)

Ho (em? - VE - 571

v (em"? - V12

3.37 - 107 (£11.6%)
1.95 - 1073 (£1.13%)

Trapping

1/2.00 (12.86 ;%)
1.69 - 1076 (£0.87%)
1.35 - 10* (£1.70%)
<0.25
2.97 (£15.7%)
no TFLC
Aging

Reference Example IV

[0258] Reference example IV relates to the use of bismuth
(I1I) tris(3,5-difluorobenzoate), abbreviated to Bi(3,5-dfb)s,
as a metal complex for gas-phase deposition.

[0259] Bi(3,5-dfb); was synthesized in accordance with
scheme 1. For Bi(3,5-dfb),, residues R4, R and R* in
scheme 1 are in each case hydrogen atoms and substituents
R% and R” are in each case fluorine atoms.

[0260] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(3,5-dfb); had been
obtained (measured: carbon in % 36.3; hydrogen in % 1.4;
calculated: carbon in % 37.06; hydrogen in % 1.32).

[0261] FIGS. 15 and 16 and tables to and 11 summarize
the electrical properties of organic layers doped with

[0262] Bi(3,5-dfb),.
TABLE 10

Summary of the electrical properties of 1-TNata doped with Bi(3.5-dfb)s.

(1:8) (14 (1:2)

Exp. molar ratio

0o (S em™h) 427 -
Peso (- cm™) 2.07
E,; (kV - em™)

€

r+1

o (em? - V- s7h 3.14 -
¥ (em'? - v¥2) 5.09 -

1/8.01 (4.77

- 10% (£8.50%)

vor.70) %)

1077 (£1.03%)

1/3.93 (9.25 ,,,%)
2.81 - 1077 (x0.66%)
5.12 - 107 (£8.73%)
<0.25
2.60 (£9.36%)
3.75 (£3.36%)

1/1.96 (17.01
2.97 - 1077 (£1.31%)
1.43 - 105 (x4.98%)

2.67 (£7.01%)
6.46 (+2.28%)
1075 (£11.9%)
107 (£1.16%)

2.69 (+10.8%)
1.56 (£1.90%)
Ballistic
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TABLE 11

Summary of the electrical properties of matrix materials 1-
TNata, o-NPB and spiro-TTB doped with (1:2) Bi(3,5-dfb),.

1-TNata a-NPB spiro-TTB

Exp. molar ratio
0o (S em™)

1/1.96 (17.01 ;%)
2.97 - 1077 (£1.31%)

1/1.99 (24.64 ,,,%)
7.18 - 1077 (£1.90%)

1/2.00 (13.05 ,,,,%)
4.40 - 1076 (£1.73%)

Nov. 16, 2017

Pos o (- cm™) 1.43 - 10 (£4.98%) no ohmic contact 2.91 - 10° (£3.76%)
E,; kV - em™) <0.25 12.75 (£35.3%) <0.25

€, 2.69 (£10.8%) 2.35 (£3.84%) Too conductive
r+1 1.56 (£1.90%) 12.9 (x21.4%) no TFLC

Lo (em? - V1 - s71) Ballistic Trapping Aging

v (em"? - V12

Reference Example V

[0263] Reference example V relates to the use of bismuth
(IIT) tris(3,4,5-trifluorobenzoate), abbreviated to Bi(3,4,5-
tfh);, as a metal complex for gas-phase deposition.

[0264] Bi(3,4,5-tfb); was synthesized in accordance with
scheme 1. For Bi(3,4,5-tfh),, residues R and R¥ in scheme
1 are in each case hydrogen atoms and the remaining
substituents RZ, R and R” are in each case fluorine atoms.
[0265] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(3,4,5-tth), had been
obtained (measured: carbon in % 33.8; hydrogen in % 1.2;
calculated: carbon in % 34.33; hydrogen in % 0.82).
[0266] FIGS. 17 and 18 and tables 12 and 13 summarize
the electrical properties of organic layers doped with
[0267] Bi(3.,4,5-tfb),.

TABLE 12

Reference Example VI

[0268] Reference example VI relates to the use of bismuth
(M) tris(perfluorobenzoate), abbreviated to Bi(pfb),, as a
metal complex for gas-phase deposition.

[0269] Bi(ptb); was synthesized in accordance with
scheme 1. For Bi(pfb),, all five residues R to R” in scheme
1 are in each case fluorine atoms.

[0270] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(pfb); had been
obtained (measured: carbon in % 29.9(6); calculated: carbon
in % 29.93). FIGS. 19 and 20 and tables 14 and 15
summarize the electrical properties of organic layers doped
with Bi(pfb),.

Summary of the electrical properties of 1-TNata doped with Bi (3,4,5-tfb);.

(1:8) (1:4) (1:2)

Exp. molar ratio
0o (S-em™)

Peso (R cm™)
Ep; &V - cm™)

r+1
po (em” - V- 57

v (em"? - V12

1/8.15 (5.59 ;%)
6.45 - 1077 (x1.00%)
3.24 - 107 (£6.25%)

1/3.92 (10.97 ;%)
9.73 - 1077 (0.88%)
1.21 - 10° (£5.02%)
<0.25

1/1.96 (19.73 ,,,%)
1.09 - 1078 (£0.76%)
1.78 - 10° (x4.25%)

Too conductive
4,12 (£2.46%) 2.22 (£1.78%)
6.13 + 107> (x25%)* Ballistic
5.28 - 1074 (£1.6%)*

1.48 (£2.46%)

TABLE 13

Summary of the electrical properties of matrix materials 1-
TNata, a.-NPB and spiro-TTB doped with (1:2) Bi(3.4,5-tfb),.

1-TNata a-NPB spiro-TTB

Exp. molar ratio
0o (S em™)
Peso (R cm™)
E,; (kV - em™)
€

r+1

o (em? - V- 571)
v (em!? - v12)

1/1.96 (19.73
1.09 -+ 1076 (£0.76%)
1.78 - 10° (£4.25%)

%) 1/2.00 (28.22
1.77 - 1075 (£1.68%)

5.39 - 107 (£8.77%)

<0.25

Too conductive 2.26 (£12.2%)
1.48 (£2.46%) 3.28 (£2.22%)
Ballistic 9.39 - 107 (£19.1%)
3.42 - 1073 (£3.90%)

%) 1/2.01 (15.23 ,,,
1.19 - 107 (£0.94%)
2.06 - 10° (£5.68%)

%)

Too conductive
3.28 (£3.72%)
3.37 - 1073 (£23%)*
2.01 - 107 (£3.1%)*
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TABLE 14

Summary of the electrical properties of 1-TNata doped with Bi(pfb),.

(1:8)

(1:4) (1:2)

Exp. molar ratio
0o (S em™)

1/8.08 (5.18 ,,%)
9.81 - 1077 (£1.62%)

1/3.98 (9.98 ,,%)
2.65 - 107 (£1.73%)

1/1.97 (18.28 ,,,%)
6.06 + 107° (£1.28%)

Pes 0 (Q-cm™) 4.27 - 10° (£6.35%) 9.88 + 10% (£3.41%) 8.26 + 103 (x2.96%)
By (KV - cm™h) <0.25
€, 2.92 (x4.86%) Too conductive
r+1 3.76 (£4.99%) 2.00 (£2.34%) no TFLC
1o (em? - Vg7t Ballistic
v (em!? - V12
TABLE 15
Summary of the electrical properties of matrix materials
1-TNata, a-NPB and spiro-TTB doped with (1:2) Bi(pib),.
1-TNata a-NPB spiro-TTB

Exp. molar ratio
0o (S em™)

1/1.97 (18.28 ,,,.%)
6.06 - 1075 (£1.28%)

1/2.00 (26.38 %)
2.78 - 1076 (x0.96%)

Po.o(Q-cm™) 8.26 - 103 (£2.96%) 1.37 - 10% (£8.22%)
By (KV - cm™h) <0.25

€, Too conductive 2.43 (£7.17%)
r+l no TFLC 497 (£2.34%)
U (em? - V- s7h Ballistic 4.88 - 107 (£10.5%)

¥ (em!? - V1?2 1.14 - 1073 (x0.84%)

1/1.88 (14.90 ., %)
9.52 - 107> (£1.40%)
1.92 - 10* (£3.24%)

Too conductive
2.98 (£1.77%)
Compliance

Reference Example VII

[0271] Reference example VII relates to the use of bis-
muth(I1) tris(4-perfluorotoluate), abbreviated to Bi(4-pftl)s,
as a metal complex for gas-phase deposition.

[0272] For Bi(4-pftl),, residues R4 RZ RZ and R® in
scheme 1 are in each case fluorine atoms and R is a CF,
group.

[0273] After purification by means of sublimation, it was
confirmed by elemental analysis that Bi(4-pftl); had been
obtained (measured: carbon in % 30.0; calculated: carbon in
% 29.03).

[0274] FIGS. 21 and 22 and tables 16 and 17 summarize
the electrical properties of organic layers doped with
[0275] Bi(4-pfil),.

TABLE 16

Summary of the electrical properties of 1-TNata doped with Bi(4-pftl).

(1:8) (14 (1:2)

Exp. molar ratio
0o (S em™h)

1/8.10 (5.63 ,,1%)
1.07 - 1076 (£0.81%)

1/4.02 (10.75 ;%)
2.62 - 107° (£0.89%)

11.97 (19.68 ;%)
4.13 - 1070 (£1.20%)

Peso (- cm™) 9.30 - 10° (£3.67%) 2.31 - 10° (£3.03%) 3.83 - 10% (£2.85%)
E,; (kV - em™) <0.25
€, Too conductive
r+1 2.44 (£29.0%) 1.77 (x2.86%) no TFLC
o (em? - V- s7h Ballistic
v (em?2 - v12)
TABLE 17
Summary of the electrical properties of matrix materials
1-TNata, o-NPB and spiro-TTB doped with (1:2) Bi(4-pftl)s.
1-TNata a-NPB spiro-TTB

Exp. molar ratio
0, (S em™h)

1/1.97 (19.68 ,,,%)
4.13 - 1076 (£1.20%)

1/2.04 (27.82 ,,%)
3.20 - 1076 (£0.84%)

1/2.03 (15.13 ,,,%)
1.53 - 107 (£1.02%)

Po.o(Q-cm™) 3.83 - 10% (£2.85%) 3.41 - 10% (£3.72%) 1.25 - 10* (£3.93%)
Ep; KV - cm™) <0.25

€, Too conductive 2.10 (£27.4%) /

r+1 no TFLC 1.42 (£2.07%) 2.52 (£2.27%)

o (em? - V- g7t

v (em!? - v12)

Ballistic Compliance
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[0276] Further conventional metal complexes with
acetate- and trifluoroacetate-based ligands were also used by
the inventors for comparison with the complexes used in the
method according to the invention:

Reference Example VIII

[0277] Reference example VIII relates to the use of bis-
muth(IIl) tris(trifluoroacetate), abbreviated to Bi(tfa),, as a
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metal complex for gas-phase deposition. Production is
described in the literature (for example, Suzuki, H.; Matano,
Y. in Organobismuth Chemistry, Elsevier 2001).

[0278] FIGS. 23 and 24 and tables 18 and 19 summarize
the electrical properties of organic layers doped with Bi(tfa)

3

TABLE 18

Summary of the electrical properties of 1-TNata doped with Bi(tfa);.

(1:8) (1:4) (1:2)

Exp. molar ratio
0o (S em™h)
Pes 0 (@ em™)
By (KV - cm™)
€
r+1

Bo (em” - V! - 571)

v (em!? - v12)

2.06 - 107° (£0.95%)
6.82 + 10° (£3.31%)

1/8.24 (237 ,,;%) 1/3.92 (4.85 ,,,%)
4.47 - 107 (£1.23%)
2.10 - 10* (£2.34%)
<0.25
Too conductive
2.45 (£1.50%) no TFLC no TFLC

After TFLC, the slope decreases to a limit near 3/2 (ballistic).

1/1.97 (9.22 ,,,%)
7.53 - 107° (£1.21%)
9.40 - 10% (£2.50%)

Just before exponentially increasing (aging)

[0279] “After TFLC, the slope decreases to a limit near 3/2
(ballistic)” and “Just before exponentially increasing (ag-
ing)” refers to a transition from one charge transport regime
to another.

TABLE 19

Summary of the electrical properties of matrix materials

1-TNata, a-NPB and spiro-TTB doped with (1:2) Bi(tfa);.

1-TNata a-NPB spiro-TTB

Exp. molar ratio
O, (S - em™)

1197 (9.22 ,,,%)
7.53 - 1076 (£1.21%)

1/1.96 (14.21 ,,,%)
3.97 - 107 (£0.94%)

1/1.97 (7.05 ;%)
2.28 - 107 (£0.79%)

Pos0(Q-cm™) 9.40 - 10® (£2.50%) 3.80 - 10% (£2.13%) 1.05 - 10* (£3.03%)
E,; (kV - em™) <0.25
€, Too conductive
r+l no TFLC 2.50 (£2.54%) 2.58 (£2.99%)
1o (em? - V- s7h Ballistic Aging
v (cml/z ) Vl/z)
[0280] It is apparent from the data that complexes with

unfluorinated ligands also dope, but distinctly worse than
complexes with fluorinated ligands. These complexes, like
the other reference examples, are likewise unsuitable for
sources in which collisions occur with at least one wall of
the source.

Reference Example IX

[0281] Reference example IX relates to the use of bismuth
(1) tris(triacetate), abbreviated to Bi(ac);, as a metal com-
plex for gas-phase deposition. The complex is commercially
obtainable.

[0282] FIGS. 25 and 26 and tables 20 and 21 summarize
the electrical properties of organic layers doped with Bi(ac)

3
[0280] It is apparent from the data that complexes with
unfluorinated ligands also dope, but distinctly worse than
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TABLE 20
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Summary of the electrical properties of 1-TNata doped with Bi(ac),.

(1:8) (1:4)

(1:2)

Exp. molar ratio
0o (S em™)

1/8.16 (1.46 ,,,%)
4.31 - 1077 (£1.90%)

1/4.20 (2.80 ,,,%)
4.06 - 1077 (£0.86%)

Pe; 0 (2 em™?) no ohmic contact 8.41 - 10% (£9.79%)
By (KV - cm™h) 3.13 (x100%)

€, 2.67 (£37.3%) 2.10 (£10.4%)
r+l 9.87 (£2.98%) 5.70 (£2.73%)
o (em? - V- s7h 2.81 107> (£42.0%) 5.12 - 107> (£15.1%)

¥ (em!? - V1?2 1.29 - 1073 (x0.80%) 3.19 - 107 (£1.88%)

<0.25

4.46 -

1/2.03 (5.64 ,,,%)
6.13 - 1077 (x0.81%)
5.07 - 10 (£9.63%)

2.78 (£6.88%)
7.31 (£1.24%)
107° (x11.8%)

6.76 - 107 (£1.33%)

TABLE 21

Summary of the electrical properties of matrix materials
1-TNata, o-NPB and spiro-TTB doped with (1:2) Bi(ac),.

1-TNata a-NPB

spiro-TTB

Exp. molar ratio
0o (S em™)

1/2.03 (5.64 ,,,%)
6.13 - 1077 (x0.81%)

1/1.99 (8.99 ,,,%)
6.10 - 10710 (£16.0%)

Po.o(Q-cm™) 5.07 - 10 (£9.63%)
Ep; (kV - em™) <0.25 16.3 (+10.8%)
€, 2.78 (£6.88%) 2.06 (£5.58%)
r+l 7.31 (£1.24%) 11.9 (£12.7%)
U (em? - V- s7h 4.46 - 107 (£11.8%)

¥ (em!? - V1?2 6.76 - 107 (£1.33%)

1/2.05 (4.23 ,,,%)
1.68 - 1077 (£8.76%)

no ohmic contact

18.4 (£12.9%)
276 (4.44%)
13.0 (£3.18%)

Trapping

[0283] The majority of the stated examples, example I and
example II and most of the reference examples, have suffi-
ciently good doping agent strengths. Matrix materials doped
with these complexes exhibit sufficiently good electrical
conductivities in the case of examples I and II and also of
many reference examples.

[0284] However, with regard to the stability, in particular
the thermal stability, of the complex, only the metal com-
plexes of example I and example II meet the elevated
requirements for deposition by means of sources in which
the complex collides with at least one wall of the source. In
contrast, none of the complexes of the reference examples
exhibited sufficient stability in order to be deposited from the
gas phase by means of sources in which collisions occur
with walls of the source.

[0285] For example, only the complexes of example I and
example I, but not the complexes of the reference examples,
can be deposited by means of linear sources. While all the
complexes are sufficiently stable for deposition by means of
point sources, only those complexes with at least one
substituent R' thus meet the high stability requirements.

[0286] In an embodiment, a method for producing an
organic electronic component, wherein the component com-
prises at least one organic electronic layer comprising a
matrix, which contains a dopant, is disclosed. The method
may comprise depositing the dopant of the at least one
organic electronic layer by a gas-phase deposition via a
source, wherein the source is configured such that the dopant
undergoes collisions with at least one wall of the source and
wherein the dopant is a metal complex which comprises at
least one metal atom M and at least one ligand L attached to
the metal atom M, wherein the ligand L has the following
structure:

wherein E' and E? are mutually independently selectable to
be oxygen, sulfur, selenium, NH or NR', wherein R' is
selected from the group consisting of alkyl and aryl and are
attachable to a substituted benzene ring of ligand L, wherein
the substituents R* are mutually independently selected from
branched or unbranched, fluorinated aliphatic hydrocarbons
with 1 to 10 C atoms, wherein n=1 to 5, wherein the
substituents R? are mutually independently selected from
—CN, branched or unbranched aliphatic hydrocarbons with
1 to 10 C atoms, aryl or heteroaryl, and wherein m=0 to at
most 5-n.

[0287] In a first aspect of this embodiment the source is a
linear source.
[0288] In a second aspect of this embodiment the metal

atom M of the metal complex is selected from the group
consisting of main group metals of groups 13 to 15 of the
periodic table of elements and metals Cu, Cr, Mo, Rh and
Ru.

[0289] In a third aspect of this embodiment the metal atom
M of the metal complex is Bi or Cu.

[0290] In a fourth aspect of this embodiment at least one
of the substituents R* is a —CF, group.

[0291] In a fifth aspect of this embodiment the ligand L
comprises precisely two substituents R!, each forming a
—CF, group.
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[0292] In a sixth aspect of this embodiment the ligand L
comprises precisely two substituents R', each forming a
—CF, group and each being arranged in 3,5-position on the
benzene ring of ligand L.

[0293] In a seventh aspect of this embodiment the sub-
stituents R? are mutually independently selected from the
group consisting of methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl and substituted and unsubsti-
tuted phenyl.

[0294] In an eighth aspect of this embodiment both E* and
E? are oxygen.

[0295] In an ninth aspect of the embodiment the ligand L.
is selected from the group consisting of:

[0296] In a tenth aspect of the embodiment the metal
complex is a bismuth complex, and the ligand L has the
following structure:

Rl
NS N
| I
=
O O@

wherein substituent R' is selected from branched or
unbranched, fluorinated aliphatic hydrocarbons with 1 to 10
C atoms, and wherein substituent R> is selected from
branched or unbranched fluorinated or unfluorinated ali-
phatic hydrocarbons with 1 to 10 C atoms, aryl or heteroaryl.
[0297] In a eleventh aspect of the embodiment the metal
complex has a decomposition temperature which is greater
than 10, 40 or 70 Kelvin above a sublimation temperature of
the metal complex.

[0298] In a second embodiment an organic electronic
component is disclosed. The electronic component may
include at least one organic electronic layer, wherein the
organic electronic layer comprises a matrix which contains
as a dopant a bismuth complex, wherein the bismuth com-
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plex contains at least one ligand L attached to a bismuth
atom, wherein the ligand L has the following structure:

Rl
AN
| /\—[Rﬁa
a
(6] Oe

wherein substituent R' is selected from branched or
unbranched, fluorinated aliphatic hydrocarbons with 1 to 10
C atoms, wherein substituent R? is selected branched or
unbranched fluorinated or unfluorinated aliphatic hydrocar-
bons with 1 to 10 C atoms, aryl or heteroaryl, and wherein
ais equal to O or 1.

[0299] In a first aspect of this embodiment, the ligand L is
selected from the group consisting of:

@]

o) 2
®)
F
I
le)

oj C/<

o
g
(=%

o

[0300] In asecond aspect of this embodiment the bismuth
complex is the complex:

[0301] In a third embodiment an organic electronic com-
ponent is disclosed. The electronic component may include
at least one organic electronic layer, wherein the organic
electronic layer is a hole-transport layer and comprises a
matrix which contains as a dopant a bismuth complex,
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wherein the bismuth complex contains at least one ligand L
attached to a bismuth atom, wherein the ligand L has the
following general structure:

Rl
AN
| /\—[Rﬁa
A
(6] Oe

wherein substituent R' is selected from branched or
unbranched, fluorinated aliphatic hydrocarbons with 1 to 10
C atoms, wherein substituent R? is selected from branched or
unbranched fluorinated or unfluorinated aliphatic hydrocar-
bons with 1 to 10 C atoms, aryl or heteroaryl, and wherein
ais equal to 0 or 1.

[0302] The individual combinations of constituents and
the features of the embodiments which have already been
mentioned serve by way of example; exchanging and replac-
ing such teaching with other teaching provided in the present
document, including the cited documents, is likewise explic-
itly considered. A person skilled in the art will recognize that
variations, modifications and other embodiments which are
described here may likewise occur without deviating from or
going beyond the concept and the scope of the invention.
[0303] The above-stated description should accordingly
be considered to be exemplary rather than limiting. The
word “comprise” used in the claims does not exclude other
constituents or steps. The indefinite article “a” does not
exclude a plural meaning. The mere fact that certain mea-
surements are recited in different claims does not mean that
a combination of these measurements might not advanta-
geously be used. The scope of the invention is defined in the
following claims, and the associated equivalents.

What is claimed is:
1. A metal complex comprising:

at least one metal atom M and at least one ligand L
attached to the metal atom M, wherein the ligand [ has
the following structure:

[R],

W,

wherein E' and E? are oxygen,

wherein the substituent R' is selected from the group
consisting of branched or unbranched, fluorinated ali-
phatic hydrocarbons with 1 to 10 C atoms,

wherein n=1 to 5,

wherein the substituent R* is selected from the group
consisting of —CN, branched or unbranched aliphatic
hydrocarbons with 1 to 10 C atoms, aryl and heteroaryl,
and

wherein m=0 to at most 5-n.
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2. The metal complex according to claim 1, wherein the
metal M is a main group metal.

3. The metal complex according to claim 1, wherein the
metal M is a main group metal of groups 13 to 15 of the
periodic table of elements.

4. The metal complex according to claim 1, wherein the
metal M is Bi.

5. The metal complex according to claim 1, wherein the
metal M is Bi in an oxidation state III.

6. The metal complex according to claim 1, wherein the
substituent R" is an at least difluorinated substituent.

7. The metal complex according to claim 1, wherein the
substituent R" is a perfluorinated substituent.

8. The metal complex according to claim 1, wherein the
substituent R! is a —CF, group.

9. The metal complex according to claim 1, wherein the
substituent R is a —CF group and the metal M is Bi.

10. The metal complex according to claim 1, wherein the
ligand L is attached to the metal atom M by the following
form of coordination

\f

11. The metal complex according to claim 1, wherein the
ligand L is selected from the group consisting of:

_/
\/
\//
3

12. The metal complex according to claim 1, wherein the
metal M is Bi and the ligand L is selected from the group
consisting of:

F5C

|\ o S e S |\/\—CH3-
A e A
Oe (@) Oe
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13. The metal complex according to claim 1, wherein the -continued
ligand L is selected from the group consisting of:

CF3, FsC and

CF3, FsC CF3,
F;C €]
: @) O fo) O@
o) o FsC
O (0] (@) (0]
9/0%, F3C and
€]
@) O o) O@

FsC
FsC CF.
e .
9) 0 o
9] 0

16. The metal complex according to claim 1, wherein
m=0.

17. The metal complex according to claim 1, wherein the
metal complex has the following structure:

o
(6] (6]

15. The metal complex according to claim 1, wherein the
ligand L=

14. The metal complex according to claim 1, wherein the
metal M is Bi and the ligand L is selected from the group
consisting of:

CF;, FC CFs,
F5C
© €]
o) 0 o) 0




