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7) ABSTRACT

The present invention relates to a formulation comprising at
least one organic semiconducting compound (OSC) having a
molecular weight of at most 5000 g/mol, at least one organic
solvent, and at least one polymeric binder having a weight
average molecular weight of at least 5.000.000 g/mol,
wherein the formulation comprises a viscosity at 25° C. of at
least 15 mPas. Furthermore, the present invention relates to
the use of these formulations as inks for the preparation of
organic electronic (OF) devices, preferably organic photovol-
taic (OPV) cells and organic light emitting diodes (OLED)
devices, to methods for preparing OF devices using these
formulations, and to OE devices, OLED devices and OPV
cells prepared from such methods and formulations.
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FORMULATION FOR THE PREPARATION
OF ORGANIC ELECTRONIC (OE) DEVICES
COMPRISING A POLYMERIC BINDER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a national stage application (un-
der 35 U.S.C. §371) of PCT/EP2014/001955, filed Jul. 17,
2014, which claims benefit of European Application No.
13003947 .2, filed Aug. 7, 2013, both of which are incorpo-
rated herein by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to novel fornmulations
comprising an organic semiconductor (OSC), a polymeric
binder and an organic solvent, to their use as conducting inks
for the preparation of organic electronic (OFE) devices, pref-
erably organic photovoltaic (OPV) cells and organic light
emitting diodes (OLED) devices, to methods for preparing
OE devices using the novel formulations, and to OE devices,
OPV cells and OLED devices prepared from such methods
and formulations.

BACKGROUND AND PRIOR ART

[0003] When preparing OE devices like OFETs, OPV cells
or OLEDs, in particular flexible devices, usually printing or
coating techniques like inkjet printing, roll to roll printing,
slot dye coating or flexographic/gravure printing are used to
apply the OSC layer. Based on low solubility of the most of
the present organic compounds useful as OSC these tech-
niques need the use of solvents in high amounts.

[0004] Inorder to improve the film forming ability binding
agents can be used. These additives are especially needed
with regard to light emitting materials and/or charge trans-
porting materials having small molecular weight or poly-
meric compounds having a low molecular weight.

[0005] EP 1883 124 Al describes a formulation of a light-
emitting material particularly suitable for forming displays
and lamps via printing techniques comprising an organic-
light emitting material housed in a protective porous matrix
material, a binder and a solvent. However, the OLED material
encompasses also polymeric materials. Furthermore, the
binder material is disclosed as a long list without any detailed
specification.

[0006] US 2007/0103059 discloses compositions compris-
ing an OLED material and a polymer having very specific
repeating units. The polymer having specific repeating units
is added to improve the emitting efficiency of the OLED. Also
polymeric OLED materials can be employed.

[0007] According to U.S. Pat. No. 6,818,919 and U.S. Pat.
No. 7,115,430, polymers having a high glass transition tem-
perature T, have to be used in order to process low molecular
weight organic light emitting and charge transporting mate-
rials. However, these materials are expensive and limit the
application of the compositions.

[0008] U.S. Pat. No. 5,952,778 relates to an encapsulated
organic light emitting device having an improved protective
covering comprising a first layer of passivating metal, a sec-
ond layer of an inorganic dielectric material and a third layer
of polymer. The organic light emitting material can be poly-
meric or monomeric. The composition can contain a polymer
binder. However, the binder material is disclosed in a long list
without any detailed specification.
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[0009] U.S. Pat. No. 6,277,504 B1 discloses specific light
emitting compounds and compositions comprising the same.
The compositions may include a binder. However, no detailed
specification of the binder is provided.

[0010] U.S. Pat. No. 6,294,273 B1 describes light emitting
compounds being soluble in methanol. The compositions
comprising these compounds may contain a polymeric bind-
ers. However, the binder material is disclosed in a long list
without any detailed specification.

[0011] WO 2005/055248 A2 relates to compositions com-
prising specific organic semiconductor compounds and an
organic binder having a permittivity of 3.3 orless at 1000 Hz.
However, the specific organic semiconductor compounds as
disclosed in WO 2005/055248 A2 should form a layer having
a high crystallinity in order to achieve a high efficiency. In
contrast thereto, layers emitting light should usually have a
low crystallinity for providing high efficiency. Therefore, the
concept of WO 2005/055248 A2 cannot be applied to OLED
layers.

[0012] WO 2011/076380 A1 discloses a composition com-
prising one or more organic semiconducting compounds and
dimethy! anisole as solvent. However, no examples are pro-
vided using polymeric binders having a high molecular
weight. Furthermore, WO 2011/076380 A1 relates to compo-
sitions for the preparation of OF devices having a viscosity
below 15 mPas, preferred below 10 mPas.

[0013] WO 2011/076325 Al describes a composition for
the preparation of OLED devices comprising polymeric bind-
ers. However, no examples are provided using polymeric
binders having a high molecular weight. Furthermore, pre-
ferred compositions comprise a viscosity below 15 mPas.
[0014] The prior art provides compositions being useful in
order to process low molecular weight organic light emitting
and charge transporting materials. However, it is a permanent
desire to improve the performance of the OLED layer, such as
efficiency, lifetime and sensitivity regarding oxidation or
water.

[0015] Inaddition thereto, the formulation should enable a
low-cost and easy printing process. The printing process
should allow a high quality and high uniformity printing at
high speed, for various print and coating processes including
e.g. flexo-, gravure-, screen- and stencil printing.

[0016] It is therefore desirable to have improved formula-
tions comprising an OSC that are suitable for the preparation
of OE devices, especially thin film transistors, diodes, OLED
displays and OPV cells, which allow the manufacture of high
efficient OE devices having a high performance, a long life-
time and a low sensitivity against water or oxidation. One aim
of the present invention is to provide such improved formu-
lations. Another aim is to provide improved methods of pre-
paring an OF device from such formulations. Another aim is
to provide improved OF devices obtained from such formu-
lations and methods. Further aims are immediately evident to
the person skilled in the art from the following description.
[0017] Surprisingly it has been found that these aims can be
achieved, and the above-mentioned problems can be solved,
by providing materials, devices and methods as claimed in the
present invention.

SUMMARY OF THE INVENTION

[0018] Theinventionrelates to a formulation comprising at
least one organic semiconducting compound (OSC), at least
one organic solvent, and at least one polymeric binder, char-
acterized in that said organic semiconducting compound has
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a molecular weight of at most 5.000 g/mol, said polymeric
binder has a weight average molecular weight of at least
5.000.000 g/mol and said composition comprises a viscosity
at 25° C. of at least 15 mPas.
[0019] The invention further relates to the use of a formu-
lation as described above and below as coating or printing ink
for the preparation of OLED devices, in particular for rigid
and flexible OLED devices.
[0020] The invention further relates to a process of prepar-
ing anorganic electronic (OE) device, comprising the steps of
[0021] a) depositing the formulation as described above
and below onto a substrate to form a film or layer, prefer-
ably by coating or printing, more preferably by flexo-
graphic or gravure printing, and
[0022] b) removing the at least one solvent.
[0023] The invention further relates to an OE device, pref-
erably an OLED device, prepared from a formulation and/or
by a process as described above and below.
[0024] TheOF devices include, without limitation, organic
field effect transistors (OFET), integrated circuits (IC), thin
film transistors (TFT), Radio Frequency Identification
(RFID) tags, organic light emitting diodes (OLED), organic
light emitting electrochemical cell (OLEC), organic light
emitting transistors (OLET), electroluminescent displays,
organic photovoltaic (OPV) cells, organic solar cells (O-SC),
flexible OPVs and O-SCs, organic laserdiodes (O-laser),
organic integrated circuits (O-IC), lighting devices, sensor
devices, electrode materials, photoconductors, photodetec-
tors, electrophotographic recording devices, capacitors,
charge injection layers, Schottky diodes, planarising layers,
antistatic films, conducting substrates, conducting patterns,
photoconductors, electrophotographic devices, organic
memory devices, biosensors and biochips.
[0025] According to a preferred embodiment, the present
invention provides organic light emitting diodes (OLED).
OLED devices can for example be used for illumination, for
medical illumination purposes, as signalling device, as sig-
nage devices, and in displays. Displays can be addressed
using passive matrix driving, total matrix addressing or active
matrix driving. Transparent OLEDs can be manufactured by
using optically transparent electrodes. Flexible OLEDs are
assessable through the use of flexible substrates.
[0026] The formulations, methods and devices of the
present invention provide surprising improvements in the
efficiency of the OF devices and the production thereof.
Unexpectedly, the performance, the lifetime and the effi-
ciency of the OF devices can be improved, ifthese devices are
achieved by using a formulation of the present invention.
Furthermore, it was surprisingly found that these formula-
tions are suitable for printing techniques, especially for flexo-
graphic and gravure printing. Furthermore, the formulation of
the present invention provides an astonishingly high level of
film forming. Especially, the homogeneity and the quality of
the films can be improved.
[0027] In addition thereto, the formulations enable a low-
costand easy printing process. The printing processes allow a
high quality printing at high speed.

A BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1A exemplarily and schematically depicts a
typical bottom gate (BG), top contact (TC) OFET device
according to the present invention, comprising a substrate (1),
a gate electrode (2), a layer of dielectric material (3) (also
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known as gate insulator layer), an OSC layer (4), and source
and drain (S/D) electrodes (5), and an optional passivation or
protection layer (6).

[0029] FIG. 1B exemplarily and schematically depicts a
typical bottom gate (BG), bottom contact (BC) OFET device
according to the present invention, comprising a substrate (1),
a gate electrode (2), a dielectric layer (3), S/D electrodes (5),
an OSC layer (4), and an optional passivation or protection
layer (6).

[0030] FIG. 2 exemplarily and schematically depicts a top
gate (TG) OFET device according to the present invention,
comprising a substrate (1), source and drain electrodes (5), an
OSC layer (4), a dielectric layer (3), and a gate electrode (2),
and an optional passivation or protection layer (6). on top of
the gate electrode (2) and the dielectric layer (3).

[0031] FIG. 3 and FIG. 4 exemplarily and schematically
depict typical and preferred OPV devices according to the
present invention.

[0032] FIG. 5 depicts the transistor transfer characteristic
and the linear and saturation mobility.

[0033] FIG. 6 depicts the transistor transfer characteristic
and the linear and saturation mobility.

[0034] FIG. 7a depicts the transistor transfer characteristic
and the linear and saturation mobility.

[0035] FIGS. 7b and ¢ show the stress data regarding
source-gate DC stress for 20 h, taken every 1 h,

[0036] FIG. 8 depicts the transistor transfer characteristic
and the linear and saturation mobility.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The formulation of the present invention has a vis-
cosity at 25° C. of at least 15 mPas, preferably of at least 20
mPas and more preferably of at least 30 mPas. Preferably, the
formulation has a viscosity in the range of 15 to 100 mPas,
more preferably in the range from 20 to 90 mPas and most
preferably in the range from 30 to 85 mPas. The viscosity is
determined at a temperature of 25° C. by measuring on AR-
G2 rheometer manufactured by TA Instruments. This is mea-
sured using a parallel plate geometry.

[0038] The viscosity of the formulation can be achieved by
using appropriate solvents and other additives in suitable
amounts.

[0039] Preferably, the formulation of the present invention
comprises at least one organic solvent having a viscosity at
25°C. ofless than 15 mPas and a boiling point of at most 400°
C. More preferably, the solvent comprises at least 80% by
weight of compounds having a viscosity at 25° C. of less than
15 mPas, most preferably of less than 10 mPas.

[0040] The solvent has a boiling point or sublimation tem-
perature of <400° C., preferably <350° C., more preferably
<300° C., and most preferably =250° C., at the pressure
employed, preferably at atmospheric pressure (1013 hPa).
Evaporation can also be accelerated e.g. by applying heat
and/or reduced pressure.

[0041] Further preferably the boiling point of the solvent,
or of the lowest boiling solvent of the solvent blend, is at least
130° C., more preferably at least 150° C. at atmospheric
pressure (1013 hPa).

[0042] According to a preferred embodiment of the present
invention, the formulation comprises a mixture of organic
solvents having different boiling points and the boiling point
of the compound with the lowest boiling point is at least 10°
C. below the boiling point of the compound with the highest
boiling point.
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[0043] Furthermore, the formulation comprises a mixture
of organic solvents having boiling points and the boiling point
of the compound with the lowest boiling point is at most 100°
C. below the boiling point of the compound with the highest
boiling point.

[0044] The solvents can generally be selected from any
chemical class that meets the physical criteria mentioned
above, including, but not limited to. aliphatic or aromatic
hydrocarbons, amines, thiols, amides, esters, ethers, poly-
ethers, alcohols, diols and polyols. Preferably, the solvent
comprises at least one aromatic and/or heteroaromatic com-
pound.

[0045] Suitable and preferred solvents include for example
aromatic hydrocarbons (e.g. halogenated aromatics) and aro-
matic hydrocarbons having an alkyl or alkoxy group having 1
to 8 carbon atoms and more preferably 1 to 6 carbon atoms
especially toluene, dimethyl benzenes (xylenes), trimethyl
benzenes, methyl naphthalenes, and 3-phenoxytoluene; and
aromatic hydrocarbon compound having a cycloalkyl group,
especially cyclopentyl benzene and cyclohexyl benzene.
[0046] According to a further embodiment of the present
invention, aromatic compounds comprising hetero atoms
may be used such as esters, ethers, nitriles or amides. Prefer-
ably, these compounds include aromatic alkoxy compunds
such as 3-methylanisol, 2-isopropylanisol, 5-methoxyindan,
2-ethoxynaphthalene, aromatic esters such as butylbenzoate
and ethylbenzoate. Furthermore, heteroaromatic compounds
having at least one O, N or S atom in the aromatic ring are
preferred. These compounds include e.g. 2-bromo-3-(bro-
momethyl)thiophene, 2-methylindole, 6-methyl quinoline
and thiophene.

[0047] The solvents can be used as mixture of two, three or
more solvents. Astonishing improvements can be achieved
with mixtures of hydrocarbon aromatic compounds. Prefer-
ably, the mixture comprises at least one aromatic hydrocar-
bon having an alkyl group having 1 to 8 carbon atoms and at
least one aromatic hydrocarbon compound having a
cycloalkyl group.

[0048] Preferred organic solvents can comprise Hansen
Solubility parameters of H, in the range of 17.0 to 23.2
MPa®? , H, in the range of 0.2 to 12.5 MPa®? and H,, in the
range of 0.0 to 20.0 MPa®>. More preferred orgamc solvents
comprise Hansen Solubility parameters of H, in the range of
17.0t0 23.2 MPa®?, H, in the range of 0.2 to 10.5 MPa"> and
H,, in the range ofO 0 to 5.0 MPa®>.
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[0049] Usually, the organic solvent can comprise a surface
tension in the range of 15 to 80 mN/m, preferably in the range
of 20 to 60 mN/m and more preferably in the range of 25 to 40
mN/m. The surface tension can be measured using a FTA
(First Ten Angstrom) 1000 contact angle goniometerat 25° C.
Details of the method are available from First Ten Angstrom
as published by Roger P. Woodward, Ph.D. “Surface Tension
Measurements Using the Drop Shape Method”. Preferably,
the pendant drop method can be used to determine the surface
tension.

[0050] According to a preferred aspect of the present inven-
tion a mixture of solvents can be used having different surface
tensions. Preferably, the mixture can comprise at least one
solvent having a surface tension of at most 35 mN/m, more
preferably ofat most 30 mN/m and at least one solvent having
a surface tension of at least 30, more preferably of at least 32
mN/m and the difference of the surface tension is at least 1
mN/m, more preferably at least 2 mN/m.

[0051] The surface tension can be measured using a FTA
(First Ten Angstrom) 125 contact angle goniometer at 25° C.
Details of the method are available from First Ten Angstrom
as published by Roger P. Woodward, Ph.D. “Surface Tension
Measurements Using the Drop Shape Method”. Preferably,
the pendant drop method can be used to determine the surface
tension.

[0052] For the purpose for making a rough estimate, the
surface tension can be calculated using the Hansen Solubility
Parameters by the formula expounded in Hansen Solubility
Parameters: A User’s Handbook, Second Edition, C. M.
Hansen (2007), Taylor and Francis Group, LLC (HSPiP
manual).

Surface tensmn 0.0146x(2.28x0H 7 +0H,, 2+0H,%)x
MVol®2, where:

H,, refers to Dispersion contribution

H, refers to Polar contribution

H,, refers to Hydrogen bonding contribution
MVol refers to Molar Volume.

[0053] The Hansen Solubility Parameters can be deter-
mined according to the Hansen Solubility Parameters in Prac-
tice HSPiP 3" edition, (Software version 3.0.38) with refer-
ence to the Hansen Solubility Parameters: A User’s
Handbook, Second Edition, C. M. Hansen (2007), Taylor and
Francis Group, LLC) as supplied by Hanson and Abbot et al.

TABLE 1

Hansen Solubility Parameters of useful solvents

Surface

Tension Calc Boiling Point
Solvent H,[MPa®] H, [MPa®’] H,[MPa®?] (Actual) Calc (Actual)
1,2,3 A-tetrahydronaphthalene 19.1 2.3 4 33.3(33.2) 2069 (207)
(tetralin)
1,2,3 4-tetramethylbenzene 18.7 1.8 1.6 32.0 1985 ()
1,2,3,5-tetramethylbenzene 18.7 1.8 1.6 32.0 1985 ()
1,2,3-trimethylbenzene 19.0 2.9 1.6 32.6 171.6 ()
1,2,4,5-tetramethylbenzene 18.7 1.8 1.6 32.0 1985 ()
1,2 4-trichlorobenzene 20.5 6.9 2.7 39.0 2048 ()
1,2, A-trimethylbenzene 19.0 2.9 1.6 32.6 171.6 ()
1,2-dihydronaphthalene 201 5.3 4.9 377 209.5 (206)
1,2-dimethylnaphthalene 17.6 7 5.2 29.9 261.5 (266)
1,3,3-trimethyl-2- 179 1 3 30.6 296.9 (248)
methyleneindole
1,3-benzodioxole 19.7 74 7.9 37.1 169.5 ()
1,3-diisopropylbenzene 17.5 0.2 1.1 29.2 200 ()
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TABLE 1-continued

Hansen Solubility Parameters of useful solvents

Solvent

Surface

Tension Cale Boiling Point
H,[MPa%%]  H, [MPa®] H, [MPa%] (Actual)

Calc (Actual)

1,3-dimethylnaphthalene
1 4-benzodioxane
1,4-diisopropylbenzene
1,4-dimethylnaphthalene
1,5-dimethyltetrain
1-benzothiophene
1-bromonaphthalene
1-chloromethyl naphthalene
1-ethylnaphthalene
1-methoxynaphthalene
1-methyl naphthalene
1-methylindane
1-methylindole
2,3,3-trimethoxyindolenine
2,3-benzofuran
2,3-dihydrobenzofuran
2,3-dimethylanisol

2 4-dimethylanisol
2,5-dimethylanisol
2,6-diisopropyl naphthalene
2,6-dimethylanisol
2,6-dimethylnaphthalene
2-bromo-3-
(bromomethyl)thiophene
2-bromomethyl naphthalene
2-bromonaphthalene
2-ethoxynaphthalene
2-ethylnaphthalene
2-isapropylanisol
2-methyl quinoline
2-methylaniscl
2-methylindole
3,4-dimethyl anisole
3,5-dimethylanisol
3-bromoquincline
3-isapropylbiphenyl
3-methylaniscl
4-isopropylbiphenyl
4-methyl anisole
4-phenyl-2-butanone (benzyl
acetone)

S-decanolide
5-methoxyindan
5-methoxyindole
S-tert-butyl-m-xylene
6-methoxy-1,2,3.4-
tetrahydronapthalene
6-methyl quinoline
8-methyl quinoline
Acetophenone

Anisole

a-pinene

Benzonitrile
Benzothiazole

benzy! acetate
Bromobenzene
Butylbenzene
Butylbenzoate

Butyl phenyl ether
Cyclohexylbenzene
Decahydronaphthalene
dimethoxytoluene
diphenyl ether

ethyl pheny! keton
(propiophenone)
Ethylbenzene
Ethylbenzoate
gamma-terpinene
Hexylbenzene

indan

indene

17.6
19.5
17.5
17.6
19.3
19.7
20.1
19.6
18.8
19.1
19.2
19.4
19.2
19.6
21.3
19.9
18.9
18.9
18.9
16.8
18.9
17.6
19.3

19.6
20.1
18.7
18.8
17.7
20.0
18.3
17.8
18.9
18.9
21.4
19.1
18.7
19.0
18.6
18.3

17.1
19.8
17.4
17.6
19.4

21.7
21.7
18.8
18.5
17.4
19.2
21.3
18.2
19.8
17.6
17.7
17.8
18.6
17.5
18.8
19.9
18.3

18.2
18.1
18.0
17.4
19.7
20.3

1.7
8.7
0.6
1.7
5.5
12.3
10.3
9.9
7.8
10.5
8.4
5.7
3.1
6.8
5.5
9.5
4.6
4.6
4.6
3.5
4.6
5
7.3

9.4
10.3
10

7.8

4.3

7.8

5.2
7.2
1.6
5.2
2.6
6.3
6.1
5.3
4.4
7.5
4.5
2.5
10

4.2
5.6
6.6
4.5
4.5
4.5
2.2
4.5
3

6.6

7.2
6.1
7

4.4
54

209
37.8
202
209
36.2
36.5
37.9
36.6
33.2
352
34.0 (36.3)
352
357
37.7
38.0
39.0

30.7

30.1
37.

419
419
36.1
31.4(34.5)
28.5 (27.6)
36.9 (39.0)
38.0
335
35.8
28.7
31.9
30.9
323 (34.3)
28.2(30.9)
35.8
37.1
33.9

29.3 (28.6)
325
30.2
292
37.0
373

261.5 (263)
178.7()
206.7()
261.5 (262)
243 ()
107.5()
262.8 (133)
285 (287)
254 (258)
260.8 (269)
240 (243)
199.1 ()
90 (133)
228.4 (228)
113.7()
1804 ()
192.8()
192.8()
192.8()
299 (300)
192.8()
261.5 (262)
236.4 ()

289.6 (291)
262.8 (281)
271.6 (282)
254.1 (251)
201.5()
1415 ()
169 ()
134.3 (228)
192.8 (201)
192.8()
169.3 ()
277.1()
171.7()
2824
1785 (174)
2414

2784
235.9 (232.3)
158.2 (176)
213.8

241 (269)

1404
1404
187.1
144.8 (154)
1652
193.7
113.7
215.8
1629
183.1
241.8

208 (210)
238.7 (239)
192 (189)
225

268.4 (259)
202.5

141.1
210 (212)
1804
226.2
188.9 (176)
188.6
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TABLE 1-continued
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Hansen Solubility Parameters of useful solvents

Surface

Tension Cale Boiling Point
Solvent H,[MPa%%]  H, [MPa®] H, [MPa%3] (Actual) Calc (Actual)
iso-amylbenzene 17.1 37 1.8 28.0 198.5
iso-butylbenzene 17.1 29 1.6 27.2 179.3
isochroman 19.6 54 38 354 201
isopropylbenzene (cumene) 17.8 2 1.1 285(274) 155
m-cymene 18.1 2 2.1 303 173.7
mesitylene 19.0 2.9 1.6 32.6(28.5) 171.6 (166)
methyl benzoate 18.5 79 6.4 34.8 215.8
methylphenylacetate 18.2 73 6.4 335 215.8
m-xylene 18.8 31 2.7 31.4 144.8
n-butoxybenzene 17.5 44 4.1 29.7 202.1
n-butylbenzene 17.6 2.6 1.7 28.7 183.1
n-propyl benzoate (propyl 17.8 6.6 6.3 325 222.7
benzoate)
n-propylbenzene 17.8 34 2.8 29.1 161.5
o-dichlorobenzene 19.5 8.7 33 359 179.8
o-diethylbenzenes 17.7 0.7 1.9 32.6 321.3
o-ethyltoluene 18.0 1.9 2.8 29.4 161.5
o-xylene 18.4 2 2.9 29.9(29.5) 1477
pentylbenzene 17.4 3 1.8 28.7 204.1
p-ethyltoluene 18.3 35 2.8 30.7 168.6
phenetol 18.1 4.6 4.6 30.5 163.7 (170)
phenyl acetate 18.5 79 6.4 34.0 194.4
p-isapropyltoluene (p-cymene) 18.0 2.5 2.8 30.2 180.4
propiophenone 18.3 8.9 53 33.9 202.5
p-xylene 18.7 33 33 31.3(27.8) 151.7
sec-butylbenzene 17.2 2.2 1.6 27.3 176.8
t-butylbenzene 17.2 1.3 29 27.5 168
thiophene 18.8 5.2 74 30.9 91.9
toluene 18.6 4 2.2 30.0 118.3
veratrole 18.2 6.3 8 33.1 190 (206)

Hy refers to Dispersion contribution
H, refers to Polar contribution
Hj, refers to Hydrogen bonding contribution

[0054] Preferably, the solvent comprises a relative evapo-
ration rate (Butyl acetate=100) of at least 0.01, more prefer-
ably of at least 0.1, most preferably of at least 0.5, and in
particular of at least 2. The relative evaporation rate can be
determined according to DIN 53170:2009-08. For the put-
pose for making a rough estimate, the relative evaporation
rate can be calculated using the Hansen Solubility Parameters
with the HSPiP program as mentioned above and below.
[0055] The formulation of the present invention comprises
preferably at least 70% by weight, more preferably at least
80% by weight and most preferably at least 90% by weight of
organic solvents.

[0056] Furthermore, the present formulation comprises at
least one organic semiconducting compound (OSC). The
OSC compounds can be selected from standard materials
known to the skilled person and described in the literature.
The OSC may be a monomeric compound (also referred to as
“small molecule”, as compared to a polymer or macromol-
ecule), or a mixture, dispersion or blend containing one or
more compounds selected from monomeric compounds.
[0057] According to an aspect of the present invention, the
OSC is preferably a conjugated aromatic molecule, and con-
tains preferably at least three aromatic rings, which can be
fused or unfused. Unfused rings are connected e.g. via a
linkage group, a single bond or a spiro-linkage. Preferred
monomeric OSC compounds contain one or more rings
selected from the group consisting of 5-, 6- or 7-membered
aromatic rings, and more preferably contain only 5- or
6-membered aromatic rings.

[0058] Each of the aromatic rings optionally contains one
or more hetero atoms selected from Se, Te, P, Si, B, As, N, O
or S, preferably from N, O or S.

[0059] The aromatic rings may be optionally substituted
with alkyl, alkoxy, polyalkoxy, thioalkyl, acyl, aryl or substi-
tuted aryl groups, halogen, particularly fluorine, cyano, nitro
or an optionally substituted secondary or tertiary alkylamine
or aryl-amine represented by —N(R*)(R”), where R* and R”
independently of each other denote H, optionally substituted
alkyl, optionally substituted aryl, alkoxy or polyalkoxy
groups. Where R* and/or R” denote alky] or aryl these may be
optionally fluorinated.

[0060] Preferred rings are optionally fused, or are option-
ally linked with a conjugated linking group such as —C(T")
=C(T%)-, —C=C—, —NR)—, —N=N— —(R9
C=N—, —N—C(R%)—, wherein T* and T* independently
of each other denote H, Cl, F, —C=N— or a lower alkyl
group, preferably a C,_, alkyl group, and R denotes H,
optionally substituted alkyl or optionally substituted aryl.
Where R” is alkyl or aryl these may be optionally fluorinated.
[0061] Preferred OSC compounds include small molecules
(i.e. monomeric compounds), selected from condensed aro-
matic hydrocarbons such as tetracene, chrysene, pentacene,
pyrene, perylene, coronene, or soluble substituted derivatives
of the aforementioned; oligomeric para-substituted phe-
nylenes such as p-quaterphenyl (p-4P), p-quinquephenyl
(p-5P), p-sexiphenyl (p-6P), or soluble substituted derivatives
of the aforementioned; pyrazoline compounds; benzidine
compounds; stilbene compounds; triazines; substituted met-
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allo- or metal-free porphines, phthalocyanines, fluorophtha-
locyanines, naphthalocyanines or fluoronaphthalocyanines;
Ceo and C,, fullerenes or derivatives thereof; N,N'-dialkyl,
substituted dialkyl, diaryl or substituted diaryl-1,4,5,8-naph-
thalenetetracarboxylic diimide and fluoro derivatives; N,N'-
dialkyl, substituted dialkyl, diaryl or substituted diaryl 3,4,9,
10-perylenetetracarboxylic diimide; bathophenanthroline;
diphenoquinones; 1,3 4-oxadiazoles; 11,11,12,12-tetracy-
anonaptho-2,6-quinodimethane; o.,0-bis(dithieno[3,2-b:2',
3-d]thiophene); 2,8-dialkyl, substituted dialkyl, diaryl or sub-
stituted diaryl anthradithiophene; 2,2'-bibenzo[1,2-b:4,5-b']
dithiophene. Preferred compounds are those from the above
list and derivatives thereof which are soluble.

[0062] More preferred OSC materials are substituted poly-
acenes, such as 6,13-bis(trialkylsilylethynyl)pentacene or
derivatives thereof, such as 5,11-bis(trialkylsilylethynyl)an-
thradithiophenes, as described for example in U.S. Pat. No.
6,690,029, WO 2005/055248 A1 and WO 2008/107089 A1. A
further preferred OSC material is poly(3-substituted
thiophene), more preferably poly(3-alkylthiophenes) (P3AT)
wherein the alkyl group is preferably straight-chain and pref-
erably has 1 to 12, more preferably 4 to 10 C-atoms, like e.g.
poly(3-hexylthiophene).

[0063] The formulation of the present invention comprises
between 0.01 and 20% by weight, preferably between 0.1 and
15% by weight, more preferably between 0.2 and 10% by
weight and most preferably between 0.25 and 5% by weight
of OSC materials or the corresponding blend. The percent
data relate to 100% of the solvent or solvent mixture. The
formulation comprises one or more than one, preferably 1, 2,
3 or more than three OSC compounds.

[0064] The organic semiconductor compound used here is
either a pure component or a mixture of two or more compo-
nents, at least one of which must have semiconducting prop-
erties. In the case of the use of mixtures, however, it is not
necessary for each component to have semiconducting prop-
erties. Thus, for example, inert low-molecular-weight com-
pounds can be used together with semiconducting low-mo-
lecular-weight compounds. It is likewise possible to use non-
conducting polymers, which serve as inert matrix or binder,
together with one or more low-molecular-weight compounds
or further polymers having semiconducting properties. For
the purposes of'this application, the potentially admixed non-
conducting component is taken to mean an electro-optically
inactive, inert, passive compound.

[0065] The organic semiconducting compound of the
present invention has preferably a molecular weight of 5000
g/mol or less, and more preferably a molecular weight of
2000 g/mol or less.

[0066] According to a preferred aspect of the present inven-
tion, the organic semiconducting compound preferably has a
molecular weight of at least 550 g/mol, more preferably of at
least 800 g/mol, most preferably of at least 900 g/mol and in
particular of at least 950 g/mol.

[0067] Astonishing improvements can be achieved with
one or more organic semiconducting compounds having a
high solubility. Preferred organic semiconducting com-
pounds comprise Hansen Solubility parameters of H , in the
range of 17.0 to 20.0 MPa®>, H,, in the range of 0.0 to 10.0
MPa® and H,, in the range of 0.0 to 15.0 MPa"". More
preferred organic semiconducting compounds comprise
Hansen Solubility parameters of H, in the range of 17.5 to
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19.0MPa">, H, inthe range 0f0.5 t0 5.0 MPa®* and H,, in the
range of 0.5 to 5.0 MPa® (for information FADT Hd18, Hp
1 Hh 1.3).

[0068] Surprising effects can be achieved with organic
semiconducting compounds having a radius of at least 3.0
MPa®?, preferably at least 4.5 MPa® and more preferably at
least 5.0 MPa®> determined according to Hansen Solubility
parameters.

[0069] The Hansen Solubility Parameters can be deter-
mined according to the Hansen Solubility Parameters in Prac-
tice HSPiP 3" edition, (Software version 3.0.38) with refer-
ence to the Hansen Solubility Parameters: A User’s
Handbook, Second Edition, C. M. Hansen (2007), Taylor and
Francis Group, LLC) as supplied by Hanson and Abbot et al.
[0070] The positions H,, H, and H,, are the coordinates in 3
dimensional space for the centre of the organic semiconduct-
ing compound, whilst the radius, gives the distance that the
solubility extends, i.e. if the radius is large it will encompass
more solvents that would dissolve the material and conversely
if it was small then a restricted number of solvents would
solubilise the organic semiconducting compound.

[0071] According to a preferred aspect of the present inven-
tion the organic semiconducting compound comprises a high
glass transition temperature. Preferably, the organic semicon-
ducting compound has a glass transition temperature of at
least 70° C., more preferably at least 100° C. and most pref-
erably at least 125° C. determined according to DIN 51005.
[0072] Preferred organic semiconducting compounds com-
prise groups providing solubility to the compounds. In addi-
tion thereto, other functional compounds useful for preparing
OE devices, especially OLED devices may comprise solu-
bilising groups. Other functional compounds include, e.g.
host materials, hole-transport materials, electron- or exciton-
blocking materials, matrix materials for fluorescent or phos-
phorescent compounds, hole-blocking materials or electron-
transport materials.

[0073] Accordingly, these compounds may preferably be
represented by general formula (I),

O

A—£B],
[0074] wherein
[0075] A is a functional structure element,
[0076] B is a solubilising structure element and
[0077] kis a integer in the range of 1 to 20,
[0078] and said solubilising structure element B has the

general formula (L-1)

. {L-D)
* Ar?
[\\ \
VA Va
R
[0079] wherein
[0080] Ar” represents aryl or heteroaryl group which has

from 4 to 120 carbon atoms and may be substituted by one
or more arbitrary residues R,
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[0081] R” represents hydrogen, a straight chain alkyl,
alkoxy or thioalkoxy group having 1 to 40 carbon atoms or
a branched or cyclic alkyl, alkoxy or thioalkoxy group
having 3 to 40 carbon atoms, preferably an optionally
substituted C,-C,, alkylaryloxy group; an optionally sub-
stituted C,-C,, alkoxycarbonyl group; an optionally sub-
stituted C,-C,, aryloxycarbonyl group; a cyano group
(—CN); a carbamoyl group (—C(—0O)NH,); a haloformyl
group (—C(=0)—X, wherein X represents a halogen
atom); a formyl group (—C(—0O)—H); anisocyano group;
an isocyanate group; a thiocyanate group or a thioisocyan-
ate group: an optionally substituted amino group; a
hydroxy group; a nitro group; a CF, group; a halo group
(Cl, Br, F); or an optionally substituted silyl or alkynylsilyl
group; or a curable group or a substituted or unsubstituted
aromatic or hetero aromatic ring system having 5 to 60 ring
atoms, or an aryloxy or heteroaryloxy group having 5 to 60
ring atoms, or a combination thereof, wherein one or more
ofthese groups R* may form a mono or polycyclic aliphatic
or aromatic ring system together and/or the ring to which
the group R? is bound; and
[0082] Iis0,1,2,30r4;
[0083] wherein the dotted bond represents the bond to the
functional structural element A.
[0084] Preferably, the index k of the general formula (1) is
an integer of 2 or more, more preferably 3 or more.
[0085] For the purposes of the present invention, an aryl
group contains at least 6 C atoms; for the purposes of the
present invention, a heteroaryl group contains at least 2 C
atoms and at least one heteroatom, with the proviso that the
sum of C atoms and heteroatoms is at least 5. The heteroatoms
are preferably selected from N, O and/or S. An aryl group or
heteroaryl group here is taken to mean either a simple aro-
matic ring, i.e. benzene, or a simple heteroaromatic ring, for
example pyridine, pyrimidine, or thiophene, or a condensed
aryl or heteroaryl group, for example naphthalene,
anthracene, pyrene, quinoline, or isoquinoline.
[0086] For the purposes of the present invention, an aro-
matic ring system contains at least 6 C atoms in the ring
system. For the purposes of the present invention, a heteroaro-
matic ring system contains at least 2 C atoms and at least one
heteroatom in the ring system, with the proviso that the sum
of C atoms and heteroatoms is at least 5. The heteroatoms are
preferably selected from N, O and/or S. For the purposes of
the present invention, an aromatic or heteroaromatic ring
system is intended to be taken to mean a system which does
not necessarily contain only aryl or heteroaryl groups, but
instead in which, in addition, a plurality of aryl or heteroaryl
groups may be interrupted by a short non-aromatic unit (pref-
erably less than 10% of the atoms other than H), such as, for
example, an sp>-hybridised C, N or O atom or a carbonyl
group. Thus, for example, systems such as 9,9'-spirobifluo-
rene, 9,9-diarylfluorene, triarylamine, diaryl ether, stilbene,
and benzophenone, are also intended to be taken to be aro-
matic ring systems for the purposes of the present invention.
An aromatic or heteroaromatic ring system is likewise taken
to mean systems in which a plurality of aryl or heteroaryl
groups are linked to one another by single bonds, for example
biphenyl, terphenyl or bipyridine.
[0087] For the purposes of the present invention, a C,- to
C,q-alkyl group, in which, in addition, individual H atoms or
CH, groups may be substituted by the above-mentioned
groups, is preferably taken to mean the radicals methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 2-meth-
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ylbutyl, n-pentyl, s-pentyl, t-pentyl, 2-pentyl, neopentyl,
cyclopentyl, n-hexyl, s-hexyl, t-hexyl, 2-hexyl, 3-hexyl, neo-
hexyl, cyclohexyl, 2-methylpentyl, n-heptyl, 2-heptyl, 3-hep-
tyl, 4-heptyl, cycloheptyl, 1-methyleyclohexyl, n-octyl,
2-ethylhexyl, cyclooctyl, 1-bicyclo[2.2.2]octyl, 2-bicyclo[2.
2.2]octyl, 2-(2,6-dimethyl)octyl, 3-(3,7-dimethyl)octyl, trif-
luoromethyl, pentafluoroethyl and 2,2,2-trifluoroethyl. A C,-
to Cyy-alkenyl group is preferably taken to mean ethenyl,
propenyl, butenyl, pentenyl, cyclopentenyl, hexenyl, cyclo-
hexenyl, heptenyl, cycloheptenyl, octenyl or cyclooctenyl. A
C,-to C,,-alkynyl group is preferably taken to mean ethynyl,
propynyl, butynyl, pentynyl, hexynyl, heptynyl or octynyl. A
C,-1t0 C,,-alkoxy group is preferably taken to mean methoxy,
trifluoromethoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy,
i-butoxy, s-butoxy, t-butoxy or 2-methylbutoxy. An aromatic
or heteroaromatic ring system having 5-60 aromatic ring
atoms, which may also in each case be substituted by the
above-mentioned radicals R and which may be linked to the
aromatic or heteroaromatic ring system via any desired posi-
tions, is preferably taken to mean groups derived from ben-
zene, naphthalene, anthracene, phenanthrene, benzan-
thracene, benzophenanthrene, pyrene, chrysene, perylene,
fluoranthene, benzofluoranthene, naphthacene, pentacene,
benzopyrene, biphenyl, bi-phenylene, terphenyl, terphe-
nylene, fluorene, benzofluorene, dibenzofluorene, spirobif-
luorene, dihydrophenanthrene, dihydropyrene, tetrahydropy-
rene, cis- or trans-indenofluorene, cis- or trans-monobenzo-
indenofluorene, cis- or trans-dibenzoindenofluorene,
truxene, isotruxene, spirotruxene, spiroisotruxene, furan,
benzofuran, isobenzofuran, dibenzo-furan, thiophene, ben-
zothiophene, isobenzothiophene, dibenzothiophene, pyrrole,
indole, isoindole, carbazole, pyridine, quinoline, isoquino-
line, acridine, phenanthridine, benzo-5,6-quinoline, benzo-6,
7-quinoline, benzo-7,8-quinoline, phenothiazine, phenox-
azine, pyrazole, indazole, imidazole, benzimidazole,
naphthimidazole, phenanthrimidazole, pyridimidazole,
pyrazinimidazole, quinoxalinimidazole, oxazole, benzox-
azole, naphthoxa-zole, anthroxazole, phenanthroxazole,
isoxazole, 1,2-thiazole, 1,3-thiazole, benzothiazole,
pyridazine, benzopyridazine, pyrimidine, benzopyrimidine,
quinoxaline, 1,5-diazaanthracene, 2,7-diazapyrene, 2,3-di-
azapyrene, 1,6-diazapyrene, 1,8-diazapyrene, 4,5-diazapy-
rene, 4,5,9,10-tetraazaperylene, pyrazine, phenazine, phe-
noxazine, phenothiazine, fluorubin, naphthyridine,
azacarbazole, benzocarboline, phenanthroline, 1,2,3-triaz-
ole, 1,24-triazole, benzotriazole, 1.2,3-oxadiazole, 1,2,4-
oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, 1,2,3-thia-
diazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole, 1,3,4-
thiadiazole, 1,3,5-triazine, 1,2,4-triazine, 1,2,3-triazine,
tetrazole, 1,2,4,5-tetrazine, 1,2,3,4-tetrazine, 1,2,3,5-tetra-
zine, purine, pteridine, indolizine and benzothiadiazole.
[0088] A curable group means a functional group being
able to react irreversible in order to form a cross-linked mate-
rial being insoluble. The cross-linking can be sustained by
heating or UV-, microwave, X-ray or electron beam irradia-
tion. Preferably, only a small amount of by-products is
formed. Furthermore, the curable groups enable an easy
cross-linking such that only small amounts of energy is
needed in order to obtain cross-linking (e.g. <200° C. for
thermic crosslinking).

[0089] Examples for curable groups are units comprising a
double bond, a triple bond, precursors for forming double
and/or triple bonds, units comprising a heterocyclic residue
being able for addition polymerization.
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[0090] Curable groups include e.g. vinyl, alkenyl, prefer-
ably ethenyl and propenyl, C,_,,-cycloalkenyl, azid, oxirane,
oxetane, dithydrocarbyl)amino, cyanat ester, hydroxy, gly-
cidyl ether, C, ,,-alkylacrylat, C,_,,-alkylmethacrylat, alk-
enyloxy, preferably ethenyloxy, perfluoro alkenyloxy, prefer-
ably perfluorethenyloxy, alkinyl, preferably ethinyl, maleic
imid, tri(C, ,)-alkylsiloxy and tri(C,_,)-alkylsilyl. Most pre-
ferred are vinyl und alkenyl.

[0091] Examples of the solubilising structure element B
having the general formula (L-I) include:

L1

L2

L3

L4

L5

-continued
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L6

L7

L3

L9
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-continued
L D10

L1l

L12

L @13
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-continued

L (1) 14

[0092] In the formulae above, the dotted bond represents
the bond to the functional structural element A.

[0093] Preferably, the organic semiconducting compounds
and/or other functional compounds may be represented by the
general formula (II)

n

A—£B],
[0094] wherein
[0095] A is a functional structure element,
[0096] B is a solubilising structure element and
[0097] ks a integer in the range of 1 to 20,
[0098] and
[0099] said solubilising structure element B has the general

formula (L-II)

(L-ID)

.
I
4
s

a//

R,

[0100] wherein

[0101] Ar’, Ar° each independently are the same or differ-
ent and each independently represents aryl or heteroaryl
group which has from 4 to 60 carbon atoms and may be
substituted by one or more arbitrary residues R,

[0102] X each independently represents N or CR?, prefer-
ably CH,

[0103] R? R?each independently are the same or different
represents hydrogen, a straight chain alkyl, alkoxy or thio-
alkoxy group having 1 to 40 carbon atoms or a branched or
cyclic alkyl, alkoxy or thioalkoxy group having 3 to 40
carbon atoms, preferably an optionally substituted C,-C 4,
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alkylaryloxy group; an optionally substituted C,-C,,
alkoxycarbonyl group; an optionally substituted C,-C,©
aryloxycarbonyl group; a cyano group (—ON); a carbam-
oyl group (—C(=O)NH,); a haloformyl group (—C
(=0)—X, wherein X represents a halogen atom); a formyl
group (—C(—0)—H); an isocyano group; an isocyanate
group; a thiocyanate group or a thioisocyanate group; an
optionally substituted amino group; a hydroxy group; a
nitro group; a CF, group; a halo group (Cl, Br, F); or an
optionally substituted silyl or alkynylsilyl group; or a cur-
able group or a substituted or unsubstituted aromatic or
hetero aromatic ring system having 5 to 60 ring atoms, or
an aryloxy or heteroaryloxy group having 5 to 60 ring
atoms, or a combination thereof, wherein one or more of
these groups R* and/or R? may form a mono- or polycyclic
aliphatic or aromatic ring system together and/or the ring to
which the group R is bound; and

[0104] Tis0,1,2,30r4;

[0105] wherein the dotted bond represents the bond to the
functional structural element A.

[0106] Preferably, the index k of the general formula (II) is
an integer of 2 or more, more preferably 3 or more.

[0107] In the compounds according to formulae (I) and/or
(II) above, the residue R can preferably be selected from F, Cl,
Br, [, N(Ar),, N(R"),, CN, NO,, Si(R");, B(OR"),, C(=0)Ar,
C(=OR', P(=0)(Ar),, P(=O)(R"),, S(=0)Ar, S(=O)R,
S(=0),Ar, S(—0),R', —CR—CR'Ar, OSO,R’, a straight-
chain alkyl, alkoxy oder thioalkoxy group having 1 to 40 C
atoms, preferably 1 to 20 C atoms or a branched or cyclic
alkyl, alkoxy or thicalkoxy group having 3 to 40 C atoms,
preferably 3 to 20 C atoms, each of which may be substituted
by one or more radicals R', where one or more non adjacent
CH, groups may be replaced by RC—CR', C=C, Si(R),,
Ge(R),, Sn(R"),, C=0, C=S, C—=Se, C=NR', P(—=0)(R"),
S0, 80,,NR', O, S or CONR' and where one or more H atoms
may be replaced by F, Cl, Br, I, CN or NO,, a curable group
or an aromatic or heteroaromatic ring system having 5 to 60
ring atoms, which may be substituted by one or more radicals
R', or an aryloxy or heteroaryloxy group having 5 to 60 ring
atoms, which may be substituted by one or more radicals R',
oracombination of these systems; two or more substituents R
here may also form a mono- or polycyclic, aliphatic or aro-
matic ring system with one another, wherein R' identically or
differently on each occurrence represents H or an aliphatic or
aromatic carbyl group having 1 to 20 C atoms and Ar repre-
sents an aryl or a heteroaryl group having 2 to 30 C atoms.

[0108] More preferably, the organic semiconducting com-
pounds and/or other functional compounds may be repre-
sented by the general formula (IIT)

a

A—£B],
[0109] wherein
[0110] A is a functional structure element,
[0111] B is a solubilising structure element and
[0112] ks a integer in the range of 1 to 20,

10
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[0113] and
[0114] said solubilising structure element B has the general
formula (L-IIT)

(L-III)

RY,

[0115] wherein

[0116] R% R R®, R each independently are the same or
different represents hydrogen, a straight chain alkyl,
alkoxy or thioalkoxy group having 1 to 40 carbon atoms or
a branched or cyclic alkyl, alkoxy or thioalkoxy group
having 3 to 40 carbon atoms, preferably an optionally
substituted C,-C,, alkylaryloxy group; an optionally sub-
stituted C,-C,, alkoxycarbonyl group; an optionally sub-
stituted C,-C,,, aryloxycarbonyl group; a cyano group
(—CN); a carbamoyl group (—C(=—0)NH,); a haloformyl
group (—C(—0)—X, wherein X represents a halogen
atom); a formyl group (—C(=0)—H); anisocyano group;
an isocyanate group; a thiocyanate group or a thioisocyan-
ate group; an optionally substituted amino group; a
hydroxy group; a nitro group; a CF5 group; a halo group
(Cl, Br, F); or an optionally substituted silyl or alkynylsilyl
group; or a curable group or a substituted or unsubstituted
aromatic or heteroaromatic ring system having 5 to 60 ring
atoms, or an aryloxy or heteroaryloxy group having 5 to 60
ring atoms, or a combination thereof, wherein one or more
of these groups R%, R?, R° and/or R may form a mono- or
polycyclic aliphatic or aromatic ring system together and/
or the ring to which the groups R*, R®, R® and/or R are
bound;

[0117] 1is0,1,2,3 0r4;
[0118] mis0,1,20r3;and
[0119] n, o each independently are the same or different

represents 0, 1,2,3,4 or 5;
[0120] wherein the dotted bond represents the bond to the
functional structural element A.
[0121] Preferably, the residues R? R?, R®, R represent
hydrogen (1, m, n und 0=0), a straight chain alkyl or alkoxy
group having 1 to 20 carbon atoms or a branched or cyclic
alkyl or alkoxy group having 3 to 40 carbon atoms.
[0122] Preferably, the index k of the general formula (I1I) is
an integer of 2 or more, more preferably 3 or more.
[0123] According to a preferred aspect of the present inven-
tion, the weight ratio of the functional structure element A to
the solubilizing structure element B in formulae (I), (IT) and
(11I) is preferably in the range of 2:1 to 1:20, more preferably
in the range of 1:1 to 1:3.
[0124] Preferred solubilising structure elements B include
for example structure elements according to the following
formulae:
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(L-IIa)

(L-IITb)

[0125] In the formulae above, the dotted bond represents
the bond to the functional structural element A.

[0126] More preferred solubilising structure elements B
include for example structure elements according to the fol-
lowing formulae:

(L-TMal)

(L-Ila2)

, ’
. ;

. ,

; ;

-continued
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(L-Tla3)

(L-Tllad)

(L-IIla5)

(L-IIla6)
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12
-continued -continued
(LII7) (L-ITall)
(L-1TTa8) (L-IMal2)
(L-TMa9) l O
(L-IIIb1)
I (L-IIIb2)

[0127] In the formulae above, the dotted bond represents
the bond to the functional structural element A.

[0128] According to a preferred embodiment of the present
invention, the OSC can be used for example as the active

(L-I1al0) O O

.
-
U
.
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channel material in the semiconducting channel of an OFET,
or as a layer element of an organic rectifying diode.

[0129] In case of OFET devices, where the OFET layer
contains an OSC as the active channel material, it may be an
n-or p-type OSC. The semiconducting channel may also be a
composite of two or more OSC compounds of the same type,
i.e. either n- or p-type. Furthermore, a p-type channel OSC
compound may for example be mixed with an n-type OSC
compound for the effect of doping the OSC layer. Multilayer
semiconductors may also be used. For example, the OSC may
be intrinsic near the insulator interface and a highly doped
region can additionally be coated next to the intrinsic layer.
[0130] Preferred OSC compounds have a FET mobility of
greater than 1x10™> em®V~"'s™", more preferably greater than
1x10% cm®V~'s~",

[0131] Preferred monomeric OSC compounds are selected
from the group consisting of substituted oligoacenes such as
pentacene, tetracene or anthracene, or heterocyclic deriva-
tives thereof, like bis(trialkylsilylethynyl) oligoacenes or bis
(trialkylsilylethynyl) heteroacenes, as disclosed for example
in U.S. Pat. No. 6,690,029, WO 2005/055248 Al and U.S.
Pat. No. 7,385,221.

[0132] Preferred monomeric OSC compounds are selected
from formula M1 (polyacenes),

Ml
RIC Rl 1 R12 Rl

R’ R?

RS MD O ' O R3
R? "R RS R*

wherein

each of R', R R3 R* R*, R%, R7,R® R® R'° R'' and R'?,
which may be the same or different, independently repre-
sents: hydrogen; an optionally substituted C,-C,, carbyl or
hydrocarbyl group; an optionally substituted C,, alkoxy
group; an optionally substituted C4-C,, aryloxy group; an
optionally substituted C,-C,, alkylaryloxy group; an option-
ally substituted C,-C,, alkoxycarbonyl group; an optionally
substituted C,-C,, aryloxycarbonyl group; a cyano group
(—CN); a carbamoyl group (—C(—O0)NH,); a haloformyl
group (—C(=0)—X, wherein X represents a halogen atom);
a formyl group (—C(=—0)—H); an isocyano group; an iso-
cyanate group; a thiocyanate group or a thioisocyanate group;
an optionally substituted amino group; a hydroxy group; a
nitro group; a CF; group; a halo group (Cl, Br, F); or an
optionally substituted silyl or alkynylsilyl group;

wherein independently each pair of R* and R%, R and R?, R?
and R, R7 and R®, R® and R®, R” and R'°, is optionally
cross-bridged to form a C,-C,, saturated or unsaturated ring,
which saturated or unsaturated ring may be intervened by an
oxygen atom, a sulphur atom or a group of the formula
—N(R“)—, wherein R” is a hydrogen atom or an optionally
substituted hydrocarbon group, or may optionally be substi-
tuted;

wherein one or more of the carbon atoms of the polyacene
skeleton may optionally be replaced by aheteroatom selected
from N, P, As, O, S, Se and Te;

wherein independently any two or more of the substituents
R!-R'? which are located on adjacent ring positions of the
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polyacene may, together, optionally constitute a further
C,-C,, saturated or unsaturated ring optionally intervened by
0, Sor—N(R#), where R” is as defined above, or an aromatic
ring system, fused to the polyacene; and

whereinnis 0, 1, 2, 3 or 4, preferably n is 0, 1 or 2, and more
preferably n is 0 or 2, meaning that the polyacene compound
is a pentacene compound (if n=2) or a “pseudo pentacene”
compound (if n=0).

[0133] Preferably, the compound according to formula M1
meets the requirements of formula (I), formula (IT) and/or
formula (IIT) and comprises at least one solubilizing structure
element of formulae (L-I), (L-IT) and (L-III), respectively.
[0134] Further preferred are compounds of formula Mla
(substituted pentacenes),

Mla
RIS

RIS_A_R17

wherein

R, R* R? R* R7,R® R%, R'° R'* R'S R'7 each indepen-
dently are the same or different and each independently rep-
resents: H; an optionally substituted C,-C,, carbyl or hydro-
carbyl group; an optionally substituted C,-C,,, alkoxy group;
an optionally substituted C4-C,, aryloxy group; an optionally
substituted C,-C,, alkylaryloxy group; an optionally substi-
tuted C,-C,, alkoxycarbonyl group; an optionally substituted
C,-C,, aryloxycarbonyl group; a cyano group (—CN); a car-
bamoyl group (—C(=O0)NH,); a haloformyl group (—C
(=0)—X, wherein X represents a halogen atom); a formyl
group (—C(=0)—H); an isocyano group; an isocyanate
group; a thiocyanate group or a thioisocyanate group; an
optionally substituted amino group; a hydroxy group; a nitro
group; a CF; group; a halo group (Cl, Br, F); or an optionally
substituted silyl group; and A represents Silicon or Germa-
nium; and

wherein independently each pair of R' and R?, R? and R?, R?
and R*, R7 and R®, R® and R, R® and R'®, R*® and R*¢, and
R*® and R'7 is optionally cross-bridged with each other to
form a C,-C,, saturated or unsaturated ring, which saturated
or unsaturated ring is optionally intervened by an oxygen
atom, a sulphur atom or a group of the formula —N(R%}—,
wherein R” is a hydrogen atom or a hydrocarbon group, or is
optionally substituted; and wherein one or more of the carbon
atoms of the polyacene skeleton is optionally replaced by a
heteroatom selected from N, P, As, O, S, Se and Te.

[0135] Preferably, the compound according to formula
M1a meets the requirements of formula (1), formula (IT) and/
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or formula (TIT) and comprises at least one solubilizing struc-
ture element of formulae (L-I), (L-II) and (L-III), respec-
tively.

[0136] Further preferred are compounds of formula M1b
(substituted heteroacenes),

Mlb
Rlﬁ
RIS_A_R17
R, R?
S
RS 7 R3
RIS_T_RI’,
Rlﬁ
wherein

R?,R* RS R% RY, RS R each independently are the sane
or different and each independently represents: H; an option-
ally substituted C,-C,, carbyl or hydrocarbyl group; an
optionally substituted C,-C,, alkoxy group; an optionally
substituted C4-C,,, aryloxy group; an optionally substituted
C,-C, alkylaryloxy group; an optionally substituted C,-C,,
alkoxycarbonyl group; an optionally substituted C,-C,,, ary-
loxycarbonyl group; a cyano group (—CN); a carbamoyl
group (—C(=0)NH,); a haloformyl group (—C(=0)—X,
wherein X represents a halogen atom); a formyl group (—C
(=0)—H); an isocyano group; an isocyanate group; a thio-
cyanate group or a thioisocyanate group; an optionally sub-
stituted amino group; a hydroxy group; a nitro group; a CF,
group; a halo group (Cl, Br, F); or an optionally substituted
silyl group; and A represents Silicon or Germanium; and
wherein independently each pair of R? and R? R® and R®, R
and R'®, and R'® and R'7 is optionally cross-bridged with
each other to form a C,-C,, saturated or unsaturated ring,
which saturated or unsaturated ring is optionally intervened
by an oxygen atom, a sulphur atom or a group of the formula
—N(R*)—, wherein R* is a hydrogen atom or a hydrocarbon
group, and is optionally substituted; and

wherein one or more of the carbon atoms of the polyacene
skeleton is optionally replaced by a heteroatom selected from
N, P, As, O, S, Se and Te.

[0137] More preferred are compounds of subformula M1b,
wherein at least one pair of R* and R?, and R® and R’ is
cross-bridged with each other to form a C,-C,, saturated or
unsaturated ring, which is intervened by an oxygen atom, a
sulphur atom or a group of the formula —N(R*)—, wherein
R?is a hydrogen atom or a hydrocarbon group, and which is
optionally substituted.

[0138] Preferably, the compound according to formula
MI1b meets the requirements of formula (I), formula (II)
and/or formula (IIT) and comprises at least one solubilizing
structure element of formulae (L-I), (L-11) and (L-I1I), respec-
tively.
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[0139] More preferred are compounds of subformula M1b1
(silylethynylated heteroacenes),

Mibl
SiR"
Y2 AN Y3
— o
vl A v
SiR"
[0140] wherein
[0141] oneofY" and Y* denotes —CH— or —CH— and

the other denotes —X—, one of Y> and Y* denotes —CH—
or —CH— and the other denotes —X—,

[0142] Xis—O—,—S— —Se—or—NR"—,

[0143] R'isH, F, Cl, Br, I, CN, a straight-chain or branched
alkyl or alkoxy group that have 1 to 20, preferably 1 to 8
C-atoms and are optionally fluorinated or perfluorinated,
an optionally fluorinated or perfluorinated aryl group hav-
ing 6 to 30 C-atoms, preferably C F, or CO,R"™", with R™
being H, an optionally fluorinated alkyl group having 1 to
20 C-atoms or an optionally fluorinated aryl group having
2 to 30, preferably 5 to 20 C-atoms,

[0144] R"is, in case of multiple occurrence independently
of one another, a cyclic, straight-chain or branched alkyl or
alkoxy group that have 1 to 20, preferably 1 to 8 C-atoms,
or an aryl group having 2 to 30 C-atoms, all of which are
optionally fluorinated or perfluorinated, with SiR"; prefer-
ably being trialkylsilyl,

[0145] R™is H ora cyclic, straight-chain or branched alkyl
group with 1 to 10 C-atoms, preferably H,

[0146] misOorl,and
[0147] oisOorl.
[0148] Most preferred are compounds of formula M1bl

wherein m and o are 0, and/or X is S, and/or R'is F.
[0149] Inapreferred embodiment the compound of subfor-
mula M1b1 is provided and used as a mixture of the anti- and

syn-isomers of the following formulae
Mlbla
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Milblb

wherein X, R, R', R" m and a have independently of each other
one of the meanings given with respect to formula M1b1 or
one of the preferred meanings given above and below, X is
preferably S, and m and o are preferably 0.

[0150] The term “carbyl group” as used above and below
denotes any monovalent or multivalent organic radical moi-
ety which comprises at least one carbon atom either without
any non-carbon atoms (like for example —C—C—), or
optionally combined with at least one non-carbon atom such
as N, 0, S, P, Si, Se, As, Te or Ge (for example carbonyl etc.).
The term “hydrocarbyl group” denotes a carbyl group that
does additionally contain one or more H atoms and optionally
contains one or more hetero atoms like for example N, O, S,
P, Si, Se, As, Te or Ge.

[0151] A carbyl or hydrocarbyl group comprising a chain
of 3 or more C atoms may also be straight-chain, branched
and/or cyclic, including Spiro and/or fused rings.

[0152] Preferred carbyl and hydrocarbyl groups include
alkyl, alkoxy, alkylcarbonyl, alkoxycarbonyl, alkylcarbony-
loxy and alkoxycarbonyloxy, each of which is optionally
substituted and has 1 to 40, preferably 1 to 25, more prefer-
ably 1to 18 C atoms, furthermore optionally substituted aryl
or aryloxy having 6 to 40, preferably 6 to 25 C atoms, fur-
thermore alkylaryloxy, arylcarbonyl, aryloxycarbonyl, aryl-
carbonyloxy and aryloxycarbonyloxy, each of which is
optionally substituted and has 6 to 40, preferably 7 to 40 C
atoms, wherein all these groups optionally contain one or
more hetero atoms, especially selected from N, O, S, P, Si, Se,
As, Te and Ge.

[0153] The carbyl or hydrocarbyl group may be a saturated
or unsaturated acyclic group, or a saturated or unsaturated
cyclic group. Unsaturated acyclic or cyclic groups are pre-
ferred, more preferably aryl, alkenyl and alkynyl groups
(most preferably ethynyl). Where the C,-C,, carbyl or hydro-
carbyl group is acyclic, the group may be straight-chain or
branched. The C,-C,, carbyl or hydrocarbyl group includes
for exanmiple: a C,-C,, alkyl group, a C,-C,,, alkenyl group, a
C,-C,, alkynyl group, a C5-C,, allyl group, a C,-C,, alkyl-
dienyl group, a C,-C,, polyenyl group, a C,-C, 5 aryl group, a
Cs-C,q alkylaryl group, a C,-C,, arylalkyl group, a C,-C,,
cycloalkyl group, and a C,-C,, cycloalkenyl group. Preferred
among the foregoing groups are a C,-C,, alkyl group, a
C,-C,, alkenyl group, a C,-C,,, alkynyl group, a C5-C,, allyl
group, a C,-C, alkyldienyl group, a C¢-C 5 aryl group and a
C,-C,, polyenyl group, respectively. Also included are com-
binations of groups having carbon atoms and groups having
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hetero atoms, like e.g. an alkynyl group, preferably ethynyl,
that is substituted with a silyl group, preferably a trialkylsilyl
group.

[0154] Aryl and heteroaryl preferably denote a mono-, bi-
or tricyclic aromatic or heteroaromatic group with up to 25 C
atoms that may also comprise condensed rings and is option-
ally substituted with one or more groups L, wherein L is
halogen or an alkyl, alkoxy, alkylcarbonyl or alkoxycarbonyl
group with 1 to 12 C atoms, wherein one or more H atoms
may be replaced by F or Cl.

[0155] Preferred aryl and heteroaryl groups are phenyl in
which, in addition, one or more CH groups may be replaced
by N, naphthalene, thiophene, selenophene, thienothiophene,
dithienothiophene, fluorene and oxazole, all of which can be
unsubstituted, mono- or polysubstituted with L as defined
above.

[0156] Preferred substituents R, R* and R'"'7 in the above
formulae and subformulae are selected from straight chain,
branched or cyclic alkyl having from 1 to 20 C atoms, which
is unsubstituted or mono- or polysubstituted by F, Cl, Bror 1,
and wherein one or more non-adjacent CH, groups are
optionally replaced, in each case independently from one
another, by —0O—, —S8—, —NR*—, —SiR*R°
—CX'—=CX?*—or—C=C—insucha mannerthat O and/or
S atoms are not linked directly to one another, or denotes
optionally substituted aryl or heteroaryl preferably having
from 1 to 30 C-atoms, with R® and R* being independently of
each other H or alkyl having from 1 to 12 C-atoms, and X* and
X being independently of each other H, F, Cl or CN.

[0157] R'>"'7 and R" are preferably identical or different
groups selected froma C, -C,;-alkyl group, preferably C,-C,-
alkyl, more preferably methyl, ethyl, n-propyl or isopropyl, a
Cg-Cyo-aryl group, preferably phenyl, a C,-C,y-arylalkyl
group, a C,-C,y-alkoxy group, or a C4-C,y-arylalkyloxy
group, wherein all these groups are optionally substituted for
example with one or more halogen atoms. Preferably, R*>-*7
and R" are each independently selected from optionally sub-
stituted C, _, ,-alkyl, more preferably C, ,-alkyl, most prefer-
ably C, ;-alkyl, for example isopropyl, and optionally sub-
stituted Cg , ,-aryl, preferably phenyl. Further preferred is a
silyl group of formula —SiR*°R*® wherein R*® is as defined
above and R'° forms a cyclic silyl alkyl group together with
the Si atom, preferably having 1 to 8 C atoms.

[0158] In one preferred embodiment all of R'>7, or all of
R", are identical groups, for example identical, optionally
substituted, alkyl groups, as in triisopropylsilyl. More pref-
erably all of R™*7, or all of R", are identical, optionally
substituted C, _,,, preferably C,_,, more preferably C,_, alkyl
groups. A preferred alkyl group in this case is isopropyl.
[0159] Preferred groups —SiR*R'R*7 and SiR"; include,
without limitation, trimethylsilyl, triethylsilyl, tripropylsilyl,
dimethylethylsilyl, diethylmethylsilyl, dimethylpropylsilyl,
dimethylisopropylsilyl, dipropylmethylsilyl, diisopropylm-
ethylsilyl, dipropylethylsilyl, diisopropylethylsilyl, diethyl-
isopropylsilyl, triisopropylsilyl, trimethoxysilyl, triethoxysi-
lyl, triphenylsilyl, diphenylisopropylsilyl,
diisopropylphenylsilyl, diphenylethylsilyl, diethylphenylsi-
lyl, diphenylmethylsilyl, triphenoxysilyl, dimethylmethox-
ysilyl, dimethylphenoxysilyl, and methylmethoxyphenylsi-
lyl, wherein the alkyl, aryl or alkoxy group is optionally
substituted.

[0160] According to a preferred embodiment of the present
invention the OSC material is an organic light emitting mate-
rial and/or charge transporting material. The organic light
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emitting materials and charge transporting materials can be
selected from standard materials known to the skilled person
and described in the literature. An organic light emitting
material according to the present application means a mate-
rial which emits light having a &, .. in the range from 400 to
700 nm.

[0161] Suitable phosphorescent compounds are, in particu-
lar, compounds which emit light, preferably in the visible
region, on suitable excitation and in addition contain at least
one atom having an atomic number greater than 20, prefer-
ably greater than 38 and less than 84, more preferably greater
than 56 and less than 80. The phosphorescence emitters used
are preferably compounds which contain copper, molybde-
num, tungsten, rhenium, ruthenium, osmium, rhodium, iri-
dium, palladium, platinum, silver, gold or europium, in par-
ticular compounds which contain iridium or platinum.

[0162] Particularly preferred organic phosphorescent com-
pounds are compounds of formulae (1) to (4):
formula (1)
DCy
A—Ir
CCy ,
} formula (2)
DCy
Ir.
CCy IR
formula (3)
e "
A—Pt\
CCy
formula (4)
DCy
Pt
CCy R
[0163] where
[0164] DCy is, identically or differently on each occur-

rence, a cyclic group which contains at least one donor
atom, preferably nitrogen, carbon in the form of a carbene
or phosphorus, via which the cyclic group is bonded to the
metal, and which may in turn carry one or more substitu-
ents R'®; the groups DCy and CCy are connected to one
another via a covalent bond;

[0165] CCy is, identically or differently on each occur-
rence, a cyclic group which contains a carbon atom via
which the cyclic group is bonded to the metal and which
may in turn carry one or more substituents R'%;

Jun. 23,2016

[0166] A is, identically or differently on each occurrence, a
monoanionic, bidentate chelating ligand, preferably a
diketonate ligand,;

[0167] R'® are identically or differently at each instance,
and are F, Cl, Br, I, NO,, CN; a straight-chain, branched or
cyclic alkyl or alkoxy group having from 1 to 20 carbon
atoms, in which one or more non-adjacent CH, groups may
be replaced by —O—, —S—, —NR**— —CONR*—,
—CO—0—, —C=0—, —CH=CH— or and in which
one or more hydrogen atoms may be replaced by F, or an
aryl or heteroaryl group which has from 4 to 14 carbon
atoms and may be substituted by one or more nonaromatic
R'® radicals, and a plurality of substituents R'®, either on
the same ring or on two different rings, may together in turn
form a mono- or polycyclic, aliphatic or aromatic ring
system; and

[0168] R'° are identically or differently at each instance,
and are a straight-chain, branched or cyclic alkyl or alkoxy
group having from 1 to 20 carbon atoms, in which one or
more nonadjacent CH, groups may be replaced by —O—,
—8—, —CO0—0—, —0=0—, —CH=CH— or
—(C=C—, andin which one or more hydrogen atoms may
be replaced by F, or an aryl or heteroaryl group which has
from 4 to 14 carbon atoms and may be substituted by one or
more nonaromatic R*® radicals.

[0169] Formation of ring systems between a plurality of

radicals R'® means that a bridge may also be present between

the groups DCy and CCy.

[0170] Furthermore, formation of ring systems between a

plurality of radicals R'® means that a bridge may also be

present between two or three ligands CCy-DCy or between

one or two ligands CCy-DCy and the ligand A, giving a

polydentate or polypodal ligand system.

[0171] Preferably, the semiconducting compounds accord-

ing to formulae (1), (2), (3) and (4) meet the requirements of

formula (1), formula (IT) and/or formula (I1I) and comprise at

least one solubilizing structure element of formulae (L-I),

(L-1I) and (L-11I), respectively.

[0172] Examples of the emitters described above are

revealed by the applications WO 00/70655, WO 01/41512,

WO 02/02714, WO 02/15645, EP 1191613, EP 1191612, EP

1191614, WO 04/081017, WO 05/033244, WO 05/042550,

WO 05/113563, WO 06/008069, WO 06/061182, WO

06/081973 and DE 102008027005. In general, all phospho-

rescent complexes as are used in accordance with the prior art

for phosphorescent OLEDs and as are known to the person
skilled in the art in the area of organic electroluminescence
are suitable, and the person skilled in the art will be able touse
further phosphorescent compounds without an inventive step.

In particular, it is known to the person skilled in the art which

phosphorescent complexes emit with which emission colour.

[0173] Examples of preferred phosphorescent compounds

are shown in the following table.

Ir:
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[0174] Preferred dopants are selected from the class of the
monostyrylamines, the distyrylamines, the tristyrylamines,
the tetrastyrylamines, the styryl-phosphines, the styryl ethers
and the arylamines. A monostyrylamine is taken to mean a
compound which contains one substituted or unsubstituted
styryl group and at least one, preferably aromatic, amine. A
distyrylamine is taken to mean a compound which contains
two substituted or unsubstituted styryl groups and at least
one, preferably aromatic, amine. A tristyrylamine is taken to
mean a compound which contains three substituted or unsub-
stituted styryl groups and at least one, preferably aromatic,
amine. A tetrastyrylamine is taken to mean a compound
which contains four substituted or unsubstituted styryl groups
and at least one, preferably aromatic, amine. The styryl
groups are particularly preferably stilbenes, which may also
be further substituted. Corresponding phosphines and ethers
are defined analogously to the amines. For the purposes of the
present invention, an arylamine or an aromatic amine is taken
to mean a compound which contains three substituted or
unsubstituted aromatic or heteroaromatic ring systems
bonded directly to the nitrogen. At least one of these aromatic
or heteroaromatic ring systems is preferably a condensed ring
system, particularly preferably having at least 14 aromatic
ring atoms. Preferred examples thereof are aromatic
anthraceneamines, aromatic anthracenediamines, aromatic
pyreneamines, aromatic pyrenediamines, aromatic chrysene-
amines or aromatic chrysenediamines. An aromatic anthrace-

neamine is taken to mean a compound in which one diary-
lamino group is bonded directly to an anthracene group,
preferably in the 9-position. An aromatic anthracenediamine
is taken to mean a compound in which two diarylamino
groups are bonded directly to an anthracene group, preferably
in the 9,10-position. Aromatic pyreneamines, pyrenedi-
amines, chryseneamines and chrysenediamines are defined
analogously thereto, where the diarylamino groups are pref-
erably bonded to the pyrene in the 1-position or in the 1,6-
position. Further preferred dopants are selected from inde-
nofluoreneamines or indenofluorenediamines, for example in
accordance with WO 06/122630, benzoindenofluoreneam-
ines or benzo-indenofluorenediamines, for example in accor-
dance with WO 08/006449, and dibenzoindenofluoreneam-
ines or dibenzoindenofluorenediamines, for example in
accordance with WO 07/140847. Examples of dopants from
the class of the styrylamines are substituted or unsubstituted
tristilbeneamines or the dopants described in WO 06/000388,
WO 06/058737, WO 06/000389, WO 07/065549 and WO
07/115610. Preference is furthermore given to the condensed
hydrocarbons disclosed in DE 102008035413.

[0175] Suitable dopants are furthermore the structures
depicted in the following table, and the derivatives of these
structures disclosed in JP 06/001973, WO 04/047499, WO
06/098080, WO 07/065678, US 2005/0260442 and WO
04/092111.
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[0176] The proportion of the dopant in the mixture of the
emitting layer is preferably between 0.1 and 50.0% by
weight, more preferably between 0.5 and 40.0% by weight,
and most preferably between 1.0 and 30.0% by weight. Cor-
respondingly, the proportion of the host material is between
40.0 and 99.9% by weight, preferably between 50.0 and
99.5% by weight, and more preferably between 60.0 and
99.0% by weight.

[0177] Suitable host materials for this purpose are materials
from various classes of substance. Preferred host materials
are selected from the classes of the oligoarylenes (for

example 2,2'7,7'-tetraphenylspirobifluorene in accordance
with EP 676461 or dinaphthylanthracene), in particular the
oligoarylenes containing condensed aromatic groups, the oli-
goarylenevinylenes (for example DPVBI or spiro-DPVBI in
accordance with EP 676461), the polypodal metal complexes
(for example in accordance with WO 04/081017), the hole-
conducting compounds (for example in accordance with WO
04/058911), the electron-conducting compounds, in particu-
lar ketones, phosphine oxides, sulfoxides, etc. (for example in
accordance with WO 05/084081 and WO 05/084082), the
atropisomers (for example in accordance with WO
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06/048268), the boronic acid derivatives (for example in
accordance with WO 06/117052) or the benzanthracenes (for
example in accordance with WO 08/145239). Suitable host
materials are furthermore also the benzo|c]phenanthrene
compounds according to the invention which are described
above. Apart from the compounds according to the invention,
particularly preferred host materials are selected from the
classes of the oligoarylenes containing naphthalene,
anthracene, benzanthracene and/or pyrene or atropisomers of
these compounds, the oligoarylenevinylenes, the ketones, the
phosphine oxides and the sulfoxides. Apart from the benzo
[c]phenanthrene compounds according to the invention, very
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particularly preferred host materials are selected from the
classes of the oligoarylenes containing anthracene, benzan-
thracene and/or pyrene or atropisomers of these compounds.
For the purposes of this invention, an oligoarylene is intended
to be taken to mean a compound in which at least three aryl or
arylene groups are bonded to one another.

[0178] Suitable host materials are furthermore, for
example, the materials depicted in the following table, and
derivatives of these materials, as disclosed in WO 04/018587,
WO 08/006449, U.S. Pat. No. 5,935,721, US 2005/0181232,
JP 2000/273056, EP 681019, US 2004/0247937 and US
2005/0211958.
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(242)

(243)

(244)

[0179] For the purposes of this invention, a hole-injection
layer is a layer which is directly adjacent to the anode. For the
purposes of this invention, a hole-transport layer is a layer
which is located between a hole-injection layer and an emis-
sion layer. It may be preferred for them to be doped with
electron-acceptor compounds, for example with F,-TCNQ or
with compounds as described in EP 1476881 or EP 1596445.
[0180] Suitable charge-transport materials, as can be used
in the hole-injection or hole-transport layer or in the electron-
injection or electron-transport layer of the organic electrolu-
minescent device according to the invention, are, for
example, the compounds disclosed in Y. Shirota et al., Chem.
Rev. 2007, 107(4), 953-1010, or other materials as employed
in these layers in accordance with the prior art.

[0181] Examples of preferred hole-transport materials
which can be used in a hole-transport or hole-injection layer
of the electroluminescent device according to the invention
are indenofluoreneamines and derivatives (for example in

accordance with WO 06/122630 or WO 06/100896), the
amine derivatives as disclosed in EP 1661888, hexaazatriph-
enylene derivatives (for example in accordance with WO
01/049806), amine derivatives with condensed aromatics (for
example in accordance with U.S. Pat. No. 5,061,569), the
amine derivatives as disclosed in WO 95/09147, monoben-
zoindenofluoren-eamines (for example in accordance with
WO 08/006449) or dibenzoindenofluoreneamines (for
example in accordance with WO 07/140847). Suitable hole-
transport and hole-injection materials are furthermore deriva-
tives of the compounds depicted above, as disclosed in JP
2001/226331, EP 676461, EP 650955, WO 01/049806, U.S.
Pat. No. 4,780,536, WO 98/30071, EP 891121, EP 1661888,
JP 2006/253445, EP 650955, WO 06/073054 and U.S. Pat.
No. 5,061,569.

[0182] Suitable hole-transport or hole-injection materials
are furthermore, for example; the materials as disclosed in the
following table.
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[0183] Suitable electron-transport or electron-injection _continued
materials which can be used in the electroluminescent device
according to the present invention are, for example, the mate- (265)

rials as disclosed in the following table. Suitable electron-
transport and electron-injection materials are furthermore
derivatives of the compounds depicted above, as disclosed in
JP 2000/053957, WO 03/060956, WO 04/028217 and WO
04/080975.

(263)
AN —
| /N\O \_/
O\Z/r—O
N/(|) v/ \
/\ N
(264)

[0184] Suitable matrix materials for the compounds
according to the invention are ketones, phosphine oxides,
sulfoxides and sulfones, for example in accordance with WO
04/013080, WO 04/093207, WO 06/005627 or DE
102008033943, triarylamines, carbazole derivatives, for
example CBP (N ,N-biscarbazolyl-biphenyl) or the carbazole
derivatives disclosed in WO 05/039246, US 2005/0069729,
JP 2004/288381, EP 1205527 or WO 08/086851, indolocar-
bazole derivatives, for example in accordance with WO
07/063754 or WO 08/056746, azacarbazoles, for example in
accordance with EP 1617710, EP 1617711, EP 1731584, 1P
2005/347160, bipolar matrix materials, for example in accor-
dance with WO (07/137725, silanes, for example in accor-
dance with WO 05/111172, azaboroles or boronic esters, for
example in accordance with WO 06/117052, triazine deriva-
tives, for example in accordance with DE 102008036982,
WO 07/063754 or WO 08/056746, or zinc complexes, for
example in accordance with DE 102007053771.
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[0185] Astonishing improvements can be achieved with
one or more functional compounds having a high solubility.
Preferred organic functional compounds can comprise
Hansen Solubility parameters of H, in the range of 17.0 to
20.0 MPa®>, H,, in the range of 2 to 10.0 MPa’* and H,, in the
range of 0.0 to 15.0 MPa®~. More preferred functional com-
pounds comprise Hansen Solubility parameters of H,, in the
range of 17.5 to 19.0 MPa®®, H,, in the range of 3.5 to 8.0
MPa®* and H,, in the range of 3.0 to 10.0 MPa®">.

[0186] Surprising effects can be achieved with functional
compounds having a radius of at least 3.0 MPa%>, preferably
at least 4.5 MPa®® and more preferably at least 5.0 MPa>">
determined according to Hansen Solubility parameters.
[0187] Especially preferred host materials, hole-transport
materials, electron- or exciton-blocking materials, matrix
materials for fluorescent or phosphorescent compounds,
hole-blocking materials or electron-transport materials com-
prise one or more compounds according to formula (H1)

(HD)
RZOYX\(YYXYRZO
X\(X XYX

R20 R20

[0188] where the following applies to the symbols used;

[0189] Y is C=0 or C(R*),;

[0190] X is on each occurrence, identically or differently,
CR*?orN;

[0191] R*isoneachoccurrence, identically or differently,
an aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which may be substituted by one or
more radicals R*, or an N(Ar),, Si(Ar),, C(=0)Ar, OAr,
ArSO, ArSO,, P(Ar),, P(O)(Ar), or B(Ar), group;

[0192] Ar is on each occurrence, identically or differently,
an aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which may be substituted by one or
more non-aromatic radicals R*; two radicals Ar here
which are bonded to the same nitrogen, phosphorus or
boron atom may also be linked to one another by a single
bond or a bridge selected from B(R**), C(R**),, Si(R**),,
C=0, C=NR**, C=C(R*"),, O, S, S=0, SO,, N(R**),
P(R**)) and P(=0) R**;

[0193] R?*!isoneachoccurrence, identically or differently,
H, D, F or a linear alkyl group having 1 to 20 C atoms or a
branched or cyclic alkyl group having 3 to 20 C atoms; a
plurality of radicals R*! here may form a ring system with
one another;

[0194] R**isoneachoccurrence, identically or differently,
H, D, F, CN, a straight-chain alkyl, alkoxy or thioalkoxy
group having 1 to 40 C atoms or a branched or cyclic alkyl,
alkoxy or thioalkoxy group having 3 to 40 C atoms, each of
which may be substituted by one or more radicals R**,
where one or more non-adjacent CH, groups may be
replaced by R*C—CR>*, C=C, O or S and where one or
more H atoms may be replaced by F;

[0195] R*3isoneach occurrence, identically or differently,
H, D, F, Cl, Br, I, CHO, N(Ar),, C(—O)Ar, P(—0O)(Ar),,
S(=0)Ar, $(=0),Ar, CR*—=CR**Ar, CN, NO,, Si(R**)
5 BOR?),, BR*),, BN(R™),),, 080, R**, a straight-
chain alkyl, alkoxy or thioalkoxy group having 1 to 40 C
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atoms or a branched or cyclic alkyl, alkoxy or thioalkoxy
group having 3 to 40 C atoms, each of which may be
substituted by one or more radicals R**, where one or more
non-adjacent CH, groups may be replaced by
R*C—=CR*, (=C, Si(R**),, Ge(R**),, Sn(R**),, C=0,
C=S, C=Se, C=NR*" P(=0)(R**),) SO, SO,,R** 0, S
or CONR** and where one or more H atoms may be
replaced by F, Cl, Br, I, CN or NO,, or an aromatic or
heteroaromatic ring system having 5 to 60 aromatic ring
atoms, which may in each case be substituted by one or
more radicals R**, or an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which may be substi-
tuted by one or more radicals R**, or a combination of these
systems; two or more adjacent substituents R** here may
also form a mono- or polycyclic, aliphatic or aromatic ring
system with one another;

[0196] R>*ison each occurrence, identically or differently,
H, D or an aliphatic, aromatic and/or heteroaromatic
hydrocarbon radical having 1 to 20 C atoms, in which, in
addition, H atoms may be replaced by F; two or more
adjacent substituents R** here may also form a mono- or
polycyclic, aliphatic or aromatic ring system with one
another.

[0197] More preferably, compounds according to accord-
ing to formula (H1a) can be used,

Hla
R 0 R (Hlz)

R20 R20

20 20
R R20 R20 R

RZ 0 R20

wherein the residue R*° has the same meaning as in formula
(H1).

[0198] More preferably, compounds according to accord-
ing to formula (H1b) can be used,

(H1b)

wherein the residue R has the same meaning as in formula
(H1).

[0199] Preferably, the compounds according to formulae
(H1), (H1a) and/or (H1b), meet the requirements of formula
(D), formula (IT) and/or formula (IIT) and comprise at least one
solubilizing structure element of formulae (L-I), (L-II) and
(L-IIT), respectively.

[0200] Especially preferred host materials, hole-transport
materials, electron- or exciton-blocking materials, matrix
materials for fluorescent or phosphorescent compounds,
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hole-blocking materials or electron-transport materials com-
prise one or more compounds according to formula (H2a)
and/or (H2b),

(H2a)
PR
wF I I Y*—'—X
Y*
\ 25
. (H2b)
X
7L‘ RZS\
Y E " - (R
. - RN "Ar?
T T
¥ Y2
Sy )|<3 Y X2
T

[0201] where the following applies to the symbols used

[0202] Y*isC if a group X*is bonded to the group Y, or is
on each occurrence, identically or differently, CR*® or N if
no group X is bonded to the group Y;

[0203] Eisoneach occurrence, identically or differently, a
covalent single bond or a divalent bridge selected from
NR*%, B(R*), C(R*),, O, Si(R*%),, C=NR?*, C=C
(R*%),, S, S=0, SO,, P(R*) and P(=0)R*;

[0204] X' is on each occurrence, identically or differently,
a divalent bridge selected from N(R*9), B(R*9), O, C(R*)
5 Si(R?9),, C=NR?%, C=C(R*9),, 8, S=0, SO,, P(R*%)
and P=0)R*S;

[0205] X is on each occurrence, identically or differently,
a divalent bridge selected from N(R?%), B(R?%), C(R*®),,
Si(R*9),, C=0, C=NR?*%, C=C(R*%),, S, S=0, SO,,
CR*—CR?®, P(R*%) and P(=0)R?°;

[0206] X is on each occurrence, identically or differently,
adivalent bridge selected from N, B, C(R*©), Si(R*%), Pand
P(=0);

[0207] L is a divalent aromatic or heteroaromatic ring sys-
tem having 5 to 40 aromatic ring atoms, which may be
substituted by one or more radicals R

[0208] n, m are, identically or differently on each occur-
rence, 0 or 1, with the proviso that n+m=1 or 2;

[0209] qis1,2,3,4,50r6;

[0210] R* isoneachoccurrence, identically or differently,
H,D,F, Cl,Br, I, N(Ar),, C(=0)Ar*, P(=0) Ar*,, S(=0)
Ar?, S(=0),Ar*, CR“”=CR*’Ar*, ON, NO,, Si(R*"),,
B(ORY),, OSO,R*’, a straight-chain alkyl, alkoxy or thio-
alkoxy group having 1 to 40 C atoms or a branched or
cyclic alkyl, alkoxy or thioalkoxy group having 3 to 40 C
atoms, each of which may be substituted by one or more
radicals R*’, where one or more non-adjacent CH, groups
may be replaced by R*C—CR?¥, C=C, Si(R*),,
Ge(R*),, Sn(R*),, C—=0, C=S, C=Se, C=NR¥,
P(=0)(R*"), SO, SO,, NR*", O, S or CONR*” and where
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one or more H atoms may be replaced by D, F, C1, Br, I, CN
or NO,, or an aryl or heteroaryl group having 5 to 40 ring
atoms, which may in each case be substituted by one or
more radicals R*’, or an aromatic or heteroaromatic ring
system having 5 to 60 aromatic ring atoms, which may in
each case be substituted by one or more radicals R*?, or an
aryloxy or heteroaryloxy group having 5 to 40 aromatic
ring atoms, which may be substituted by one or more
radicals R*’, or an aralkyl or heteroaralkyl group having 5
to 40 aromatic ring atoms, which may be substituted by one
or more radicals R*?, or a combination of these systems;
two or more substituents R here, together with the atoms to
which they are bonded, may also form a mono- or polycy-
clic aliphatic or aromatic ring system with one another or,
if they are bonded to Ar*, with Ar*;

[0211] R2%isoneach occurrence, identically or differently,
H, D, E, Cl, By, I, CN, NO,, CF,, B(OR>"),, Si(R*"),, a
straight-chain alkyl, alkoxy or thioalkoxy group having 1
to 40 C atoms or a branched or cyclic alkyl, alkoxy or
thioalkoxy group having 3 to 40 C atoms, or an alkenyl or
alkynyl group having 2 to 40 C atoms, each of which may
be substituted by one or more radicals R*’, where one or
more non-adjacent CH, groups may be replaced by
—RYC=CR*—, —C=C—, SiR*), GeRY),,
Sn(R*7),, C=0, C=S, C=Se, C=NR*’", —O—, —S—,
—COO— or —CONR?*’— and where one or more H
atoms may be replaced by F, Cl, Br, I, CN or NO,, or
arylamines, or substituted or unsubstituted carbazoles,
which may in each case be substituted by one or more
radicals R*’, or an aryl or heteroaryl group having 5 to 40
ring atoms, which may be substituted by one or more
aromatic, heteroaromatic or non-aromatic radicals R*7, or
an aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which may be substituted by one or
more non-aromatic radicals R*’, or an aryloxy or het-
eroaryloxy group having 5 to 40 aromatic ring atoms,
which may be substituted by one or more radicals R*”, or
an aralkyl or heteroaralkyl group having 5 to 40 aromatic
ring atoms, which may be substituted by one or more
radicals R*?, or a combination of these systems; two or
more substituents R>® here may also form a mono- or
polycyclic aliphatic or aromatic ring system with one
another, together with the atoms to which they are bonded,

[0212] R*isoneachoccurrence, identically or differently,
H, D or an aliphatic hydrocarbon radical having 1to 20 C
atoms or an aryl or heteroaryl group having 5 to 40 ring
atoms, or a combination of these groups;

[0213] Ar*isoneachoccurrence, identically or differently,
an aromatic or heteroaromatic ring system, preferably an
aryl or heteroaryl group having 5 to 40 ring atoms, which
may be substituted by one or more radicals RS

[0214] Preferably, the compounds according to formulae
(H2a) and/or (H2b), meet the requirements of formula (1),
formula (II) and/or formula (11I) and comprise at least one
solubilizing structure element of formulae (L-I), (L-II) and
(L-IIT), respectively.

[0215] Especially preferred host materials, hole-transport
materials, electron- or exciton-blocking materials, matrix
materials for fluorescent or phosphorescent compounds,
hole-blocking materials or electron-transport materials com-
prise one or more compounds according to formula (H3a)
and/or formula (H3b),
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[0216]

where the following applies to the symbols and indi-
ces used:
[0217] Ar’is a group of the following formula (H3c¢):

(H30)
R29

N ]
W N
NYN

R29

.

[0218] where the dashed bond indicates the bond to the
spirobifluorene;
[0219] Ar®is a group of the following formula (H3d):

(H3d)

[0220] where the dashed bonds indicate the bonds to the
spirobifluorene;

[0221] R*®%, R* are on each occurrence, identically or dif-
ferently, H, D, F, Cl, Br, I, CHO, N(R*®),, N(Ar"),, B(Ar’)
». C(0)AY, P—O)(Ar),, S(—=O)Ar, S(=0),Ar,
CR*°—=CR*"Ar’, CN, NO,, Si(R*%),, B(OR*®),, B(R*"),,
B(N(R?%),),, OSO,R*°, a straight-chain alkyl, alkenyl,
alkynyl, alkoxy or thioalkoxy group having 1 to 40 C atoms

Jun. 23,2016

(H3a)

(H3b)

or a branched or cyclic alkyl, alkenyl, alkynyl, alkoxy or
thioalkoxy group having 3 to 40 C atoms, each of which
may be substituted by one or more radicals R*°, where one
or more non-adjacent CH, groups may be replaced by
R*°C—=CR?, C=C, Si(R*"),, Ge(R*"),, Sn(R*"),, C=0,
C=S8, C=Se, C=NR*’, P(=0)(R*), SO, SO,, NR**, O,
S or CONR* and where one or more H atoms may be
replaced by D, F, Cl, Br, I, CN or NO,, or an aromatic or
heteroaromatic ring system having 5 to 60 aromatic ring
atoms, which may in each case be substituted by one or
more radicals R, or an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which may be substi-
tuted by one or more radicals R*°, ora combination of these
systems; two or more adjacent substituents R>* here may
also form a mono- or polycyclic, aliphatic or aromatic ring
system with one another;

[0222] Ar”ison each occurrence, identically or differently,
an aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which may be substituted by one or
more radicals R*°; two radicals Ar” here which are bonded
to the same nitrogen, phosphorus or boron atom may also
be linked to one another by a single bond or a bridge
selected from B(R*®), C(R*°),, Si(R*"),, C=0, C=NR?*",
C=C(R?%),,0,8, S=0, S0,, N(R*%), P(R**) and P(=0)
Rso;

[0223] R*°isoneachoccurrence, identically or differently,
H, D or an aliphatic, aromatic and/or heteroaromatic
hydrocarbon radical having 1 to 20 C atoms, in which, in
addition, H atoms may be replaced by D or F; two or more
adjacent substituents R> here may also form a mono- or
polycyclic, aliphatic or aromatic ring system with one
another;
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[0224] nisOorl;

[0225] mis0,1,20r3:and

[0226] o0is0,1,2,3 or4if n=0in the same ring and is 0, 1,
2 or 3 if n=1 in the same ring.

[0227] Preferably, the compounds according to formulae

(H3a) and/or (H3b), meet the requirements of formula (I),

formula (1) and/or formula (ITT) and comprise at least one

solubilizing structure element of formulae (L-I), (L-II) and

(L-IIT), respectively.

[0228] Preferred compounds having solubilising groups

being useful for performing the present invention include
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[0229] Further suitable compounds, their Hansen Solubil-
ity Parameters including their radiuses are mentioned in the
following table 2:

TABLE 2

Jun. 23,2016

Hansen Solubility Parameters of suitable compounds

Material H,[MPa>] H,[MPa®®] H,[MPa>] Radius[MPa®’]

! . 19.5 3.6 3.9 32
O 18.1 6.5 4.6 6.6
18.1 6.5 4.6 6.6

N O’O’@ N
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TABLE 2-continued

Jun. 23,2016

Hansen Solubility Parameters of suitable compounds

Material

H,[MP2"] H,[MPa®"] H,[MPa’?] Radius[MPa®’]

\ 17.7 4.0 74
AN Q

Ir

/\

17.9 7.0 6.4

\/

D 18.8 4.1 2.9

8.4

3.0

4.5

5.0



US 2016/0181552 Al
137

TABLE 2-continued

Jun. 23,2016

Hansen Solubility Parameters of suitable compounds

Material H,[MP2"] H,[MPa®"] H,[MPa’?] Radius[MPa®’]

Q Q 18.8 4.7 5.3 5.0

17.6 37 43 53
\
17.6 3.7 43 53
N
B
N

18.5 31 5.0 5.5
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[0230] According to a preferred embodiment of the present
invention, the formulation comprises 0.1 to 10% by weight,
more preferably 0.25 to 5% and most preferably 0.5 to 4% by
weight organic semiconducting compounds, preferably emit-
ting materials and/or charge transporting materials.

[0231] Furthermore, the formulation of the present inven-
tion comprises at least one polymer. The polymer is useful as
an inert binder. Therefore, the polymer does not have semi-
conducting properties and does not oxidise the organic light
emitting materials and/or charge transporting materials or
otherwise chemically react with these materials as mentioned
above and below. The inert binder does not provide semicon-
ducting or conducting properties. The low conducting prop-
erties of the inert polymeric binder can be determined as low
permittivity. Preferred binders according to the present inven-
tion are materials of low permittivity, that is, those having a
permittivity, at 1,000 Hz of 3.3 or less. The organic binder
preferably has a permittivity at 1,000 Hz ofless than 3.0, more
preferably 2.9 or less. Preferably the organic binder has a
permittivity at 1,000 Hz of greater than 1.7. It is preferred that
the permittivity of the binder is in the range from 2.0 to 2.9.
The terms “oxidise” and “chemically react” as used above
and below refer to a possible oxidation or other chemical
reaction of the conductive additive with the organic light
emitting materials and/or charge transporting materials under
the conditions used for manufacture, storage, transport and/or
use of the formulation and the OLED device.

[0232] Preferably, the inert binder increases the solvent
viscosity of at least 0.4 mPas when dissolving 1% w/w of the
inert binder in said organic solvent.

[0233] The polymeric binder has a weight average molecu-
lar weight of at least 5.000.000 g/mol, preferably at least
8.000.000 g/mol and more preferably at least 10.000.000
g/mol.

[0234] The polymers being useful as inert binders prefer-
ably have a weight average molecular weight of at most
50.000.000 g/mol, more preferably of at most 40.000.000
g/mol and most preferably at most 30.000.000 g/mol.

[0235] Preferably, the polymeric binder comprises a weight
average molecular weight in the range 0£5.000.000 to 50.000.

Jun. 23,2016

000 g/mol, more preferably 8.000.000 to 40.000.000 g/mol,
and most preferably 10.000.000 to 30.000.000 g/mol.
[0236] Preferably, the polymer can have a polydispersity
index M, /M, in the range of 1.0 to 10.0, more preferably in
the range of 1.0 to 5.0 and most preferably in the range of 1.0
to 3. Astonishing improvements can be achieved with prefer-
able polymers having a polydispersity index M, /M,, in the
range of 1.0 to 2.0, more preferably in the range of 1.0to 1.5
and most preferably in the range of 1.0to 1.2.

[0237] According to a preferred aspect of the present inven-
tion, the polymeric binder may have a multi modal molecular
weight distribution. Preferably, the polymer may have 2, 3, 4
or more maxima in the molecular weight distribution as deter-
minable using GPC.

[0238] The binder is selected for example from polysty-
rene, poly(a-methylstyrene), polyvinylcinnamate, poly(4-vi-
nylbiphenyl) or poly(4-methylstyrene). Polymeric binders
preferably comprise repeating units derived from styrene and/
or olefins. Preferred polymeric binders can comprise at least
80%, preferably at least 90% and more preferably at least
99% by weight of repeating units derived from styrene mono-
mers and/or olefins.

[0239] Useful and preferred polymeric binders comprise
Hansen Solubility parameters of H, in the range of 15.7 to
23.0 MPa’?, H,, in the range of 0.0 to 20.0 MPa®? and H,, in
the range of 0.0 to 12.5 MPa®>. More preferred polymeric
binders comprise Hansen Solubility parameters of H,, in the
range of 17.0 to 21.0 MPa®>, H, in the range of 1.0 to 5.0
MPa® and H,, in the range of 2.0 to 10.0 MPa"™>. Most
preferred polymeric binders comprise Hansen Solubility
parameters of H, in therange 0of 19.0 to 21.0 MPa®?, H, inthe
range of 1.0 to 3.0 MPa"> and H,, in the range of 2.5 to 5.0
MPa?~,

[0240] The Hansen Solubility Parameters can be deter-
mined according to the Hansen Solubility Parameters in Prac-
tice HSPiP 3™ edition, (Software version 3.0.38) with refer-
ence to the Hansen Solubility Parameters: A User’s
Handbook, Second Edition, C. M. Hansen (2007), Taylor and
Francis Group, LLC) as supplied by Hanson and Abbot et al.
[0241] Examples of useful polymeric binders are disclosed
in Table

TABLE 3

Hansen Solubility Parameters of useful polymeric binders

H
Polymer H,[MPa®%] H,, [MPa%?] [MP§°-5] Tg
1,4-Polyisoprene 16.8 2.9 5.2
Polynorbornene 19.7 0 0.0%
Poly(styrene-block-butadiene); 31% wt styrene 17.7 2.3 54
Poly(styrene-block-butadiene-block-styrene); 17.7 2.3 35
30% wt styrene
Poly(styrene-co-maleic anhydride) (and 17.3 5.1 54
ethylene/butylene) 1-1.7% maleic anhydride
Poly(styrene-block-ethylene/butylene-block-styrene) 16.4 5.2 35
triblock polymer 13% styrene
Poly(styrene-block-ethylene-propylene-block-styrene) 17.5 4.6 5.2
triblock polymer; 37% wt styrene
Poly(styrene-block-ethylene/butylene-block-styrene) 17 4.5 35
triblock polymer; 29% wt styrene
Poly(1-vinylnaphthalene) 22.8 19.7 8.3 162
Poly(1-vinylpyrrolidone-co-styrene) 64% styrene 19.7 4.4 5.6
Poly(1-vinylpyrrolidone-co-vinyl acetate) 1.3:1 18.8 9.2 10.4 64
Poly(2-chlorostyrene) 19.8 15.8 2.1 103
Poly(2-vinylnaphthalene) 22.8 19.7 8.3 135
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TABLE 3-continued

Hansen Solubility Parameters of useful polymeric binders

H
Polymer H, [MPa®%] H,[MPa’] [MP§0'5] Tg
Poly(2-vinylpyridine-co-styrene) 1:1 19.5 0.9 5.9 96
Poly(4,5-Difluoro-2,2-bis(CF3)-1,3-dioxole-co- 16.2 5.8 3.7 160
tetrafluoroethylene) Teflon
Poly(4-chlorostyrene) 19.8 7.1 3 106
Poly(4-methyl-1-pentene) 16.3 7.7 4.9
Poly(4-methylstyrene) 19.3 3.1 3.6 106
Poly(4-vinylpyridine-co-styrene) 1:1 19.5 0.9 5.9
Poly(alpha-methylstyrene) 18.5 7.2 3.8
Poly(butadiene-grafi-poly(methy! acrylate-co- 17.2 54 8
acrylonitrile)) 1:1:1
Poly(butyl methacrylate-co-isobutyl methacrylate) 1:1 16.8 3.6 9.7 35
Poly(butyl methacrylate-co-methyl methacrylate) 1:1 16.5 7 10.3 52
Poly(cyclohexyl methacrylate) 171 45 7.9
Poly(ethylene-co-1-butene-co-1-hexene) 1:1:1 16.2 6 3.6 95
Poly(ethylene-co-ethylacrylate-co-maleic anhydride) 2% 16.4 8.7 6.7 65
anhydride, 32% ethyl acrylate
Poly(ethylene-co-glycidyl methacrylate); 16.2 7.3 6.1 87
8% glycidyl methacrylate
Poly(ethylene-co-methyl acrylate-co-glycidylmethacrylate) 16.5 7.7 7.2
8% glycidyl methacrylate; 25% methy! acrylate
Poly(ethylene-co-octene) 1:1 16.4 5.8 3.9
Poly(ethylene-co-propylene-co-3-methylene-2-norbornene) 18.1 44 6.7
50% ethylene
Poly(ethylene-co-tetrafluoroethylene) 1:1 16.9 39 3.3
Poly(isobutyl methacrylate) 16.9 2.8 11.2
Poly(isobutylene) 15.8 3.7 3
Poly(methyl methacrylate}-co-(fluorescein O- 17.2 10.5 11.3 148
methacrylate); 80% methyl methacrylate
Poly(methyl methacrylate-co-butyl methacrylate); 16.3 8.9 11.8 105
85% methyl methacrylate
Poly(methyl methacrylate-co-ethyl acrylate); 16.2 9.7 12.2
5% ethyl acrylate
Poly(propylene-co-butene) 12% 1-butene 16.4 4.5 6 138
Poly(styrene-co-allyl alcohol) 40% allyl alcohol 18.9 1.2 12.1 63
Poly(styrene-co-maleic anhydride) 7% maleic anhydride 19.8 3 3.8 120
Poly(styrene-co-maleic anhydride) cumene terminated 20 9.5 5.6 154
(1.3:1)
Poly(styrene-co-methy! methacrylate) 40% styrene 17.6 6.5 8.8 101
Poly(vinyltoluene-co-alpha-methylstyrene) 1:1 18.9 5.2 3.7 52
Poly-2-vinylpyridine 19.3 0 2
Poly-4-vinylpyridine 19.3 0 2 137
Poly-alpha-pinene 17 1.5 4.5 25
Polybenzylmethacrylate 18.2 5.7 8.4 54
Polyethyl methacrylate 16 7.7 10.3
Polyethylene 16.1 7.7 5.7
Polyethylene terephthalate 19.3 1.2 0.0 115
Polyethylene-co-ethylacrylate 18% ethyl acrylate 16.2 8.1 2 116
Polyethylene-co-vinylacetate 12% vinyl acetate 16.3 7.9 6.4 61
Polyethylene-graft-maleic anhydride 0.5% maleic 16.1 7.8 5.7
anhydride
Polymethyl methacrylate 16.2 4.6 9.3
Polypropylene 16.4 4.8 6.6 105
Polypropylene-graft-maleic anhydride 8-10% maleic 16.8 6.2 6.8 157
anhydride
Polystyrene 19.7 1.7 3.5
Poly(styrene-block-ethylene/butylene-block-styrene) graft 17.6 43 5.2
maleic anhydride 2% maleic anhydride; 1:1:1 others
Poly(styrene-block-butadiene) branched; 1:1 18.3 2.1 4.9
Poly(styrene-block-butadiene-block-styrene) 30% styrene 17.7 23 5.5
Poly(styrene-block-isoprene) 10% wt styrene 171 2.8 5
Poly(styrene-block-isoprene-block-styrene) 17% wt styrene 173 2.7 4.9
Poly(styrene-co-4-chloromethylstyrene-co-4- 19.6 5.5 4.5
methoxymethylstyrene 2:1:1
Polystyrene-co-acrylonitrile 25% acrylonitrile 19.2 2.5 4.5
Polystyrene-co-alpha-methylstyrene 1:1 19.1 4.5 3.7 67
Polystyrene-co-butadiene 4% butadiene 19.6 1.7 3.6 103
Polystyrene-co-butadiene 45% styrene 18.1 2.1 5
Polystyrene-co-chloromethylstyrene 1:1 19.9 8.6 2
Polyvinylchloride 18.2 15.1 4.7 82
Polyvinylcinnamate 19.9 33 7.8
Polyvinylcyclohexane 17.6 3.1 1.9 123

Polyvinylidenefluoride 173 1.9 2.8
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TABLE 3-continued
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Hansen Solubility Parameters of useful polymeric binders

3
2
H,[MP2%%] I, [MPa®%] [MPa®"] Tg

Polymer

Polyvinylidenefluoride-co-hexafluoropropylene assume 1:1 16.4 2 1.7
Poly(styrene-block-ethylene/propylene-block-styrene) 17.4 2.8 42
30% styrene

Poly(styrene-block-ethylene/propylene-block-styrene) 17 3 43
18% styrene

Poly(styrene-block-ethylene/propylene-block-styrene) 16.8 3.1 44
13% styrene

Poly(styrene-block ethylene block-ethylene/propylene- 175 3 3.5
bock styrene); 32% styrene

Poly(styrene-block ethylene block-ethylene/propylene- 174 3 35
block styrene); 30% styrene

Poly(styrene-block-ethylene/butylene-block-styrene); 175 3.1 2.9
31% styrene

Poly(styrene-block-ethylene/butylene-block-styrene); 17.6 3.1 2.9
34% styrene

Poly(styrene-block-ethylene/butylene-block-styrene); 175 32 2.9
30% styrene

Poly(styrene-block-ethylene/butylene-block-styrene); 18.4 2.5 3.1
60% styrene

Hj refers to Dispersion contribution

H, refers to Polar contribution

Hj, refers to Hydrogen bonding contribution

[0242] According to a preferred embodiment of the present [0249] According to a preferred aspect of the present inven-

invention, the inert binder is a polymer having a glass transi-
tion temperature in the range of -70 to 160° C., preferably 0
to 150° C., more preferably 50 to 140° C. and most preferably
70 to 130° C. The glass transition temperature can be deter-
mined by measuring the DSC of the polymer (DIN EN ISO
11357, heating rate 10° C. per minute).

[0243] Usually, the polymeric binder is dispersible or
soluble in the solvent of the present formulation as described
above and below. Preferably, the polymeric binder is soluble
in the organic solvent and the solubility of the polymeric
binder in the solvent is at least 1 g/1, more preferably at least
5 g/l and most preferably at least 10 g/1.

[0244] According to a preferred embodiment of the present
invention, the formulation of the present invention comprises
0.05 to 10% by weight, preferably 0.1 to 5% and more pref-
erably 0.15 to 3% by weight polymeric binder. Astonishing
improvements can be achieved by using formulations prefer-
ably comprising 0.2 to 1%, more preferably 0.25 to 0.6% and
most preferably 0.3 to 0.5% by weight polymeric binder.
[0245] Astonishing improvements can be achieved by
using a high molecular weight binder at a low content in the
formulation. Using such approach surprisingly efficient
devices having an excellent printing quality are obtainable.
[0246] The weight ratio of the semiconducting compound
to the inert binder is preferably in the range of 30:1 to 1:30,
more preferably in the range of 15:1 to 1:2 and more prefer-
ably in the range of 8:1 to 3:1.

[0247] Styrene monomers are well known in the art. These
monomers include styrene, substituted styrenes with an alkyl
substituent in the side chain, such as a-methylstyrene and
a-ethylstyrene, substituted styrenes with an alkyl substituent
on the ring such as vinyltoluene and p-methylstyrene, halo-
genated styrenes such as monochlorostyrenes, dichlorosty-
renes, tribromostyrenes and tetrabromostyrenes.

[0248] Olefins are monomers consisting of hydrogen and
carbon atoms. These monomers include ethylene, propylene,
butylenes, isoprene and 1,3-butadiene.

tion, the polymeric binder is polystyrene having a weight
average molecular weight of at least 5.000.000 g/mol, pref-
erably at least 8.000.000, and more preferably at least 10.000.
000 g/mol.

[0250] The polystyrene being useful as inert binders pref-
erably have a weight average molecular weight of at most
50.000.000 g/mol, more preferably of at most 40.000.000
g/mol and most preferably at most 30.000.000 g/mol.

[0251] The formulation according to the present invention
may additionally comprise one or more further components
like for example surface-active compounds, lubricating
agents, conductive additives, dispersing agents, hydrophob-
ing agents, adhesive agents, flow improvers, defoaming
agents, deaerators, diluents which may be reactive or non-
reactive, auxiliaries, colourants, dyes or pigments, sensitiz-
ers, stabilizers, nanoparticles or inhibitors. However, these
further components should not be oxidising or otherwise
capable of chemically reacting with the OSC or have an
electrically doping effect on the OSC.

[0252] Surprising improvements can be achieved with
volatile wetting agents. The term “volatile” as used above and
below means that the agent can be removed from the organic
semiconducting materials by evaporation, after these materi-
als have been deposited onto a substrate of an OE device,
under conditions (like temperature and/or reduced pressure)
that do not significantly damage these materials or the OE
device. Preferably this means that the wetting agent has a
boiling point or sublimation temperature of <350° C., more
preferably <300° C., most preferably =250° C., at the pres-
sure employed, very preferably at atmospheric pressure
(1013 hPa). Evaporation can also be accelerated e.g. by
applying heat and/or reduced pressure. Preferably, the wet-
ting agents are not capable of chemically reacting with the
OSC compounds. In particular they are selected from com-
pounds that do not have a permanent doping effect on the
OSC material (e.g. by oxidising or otherwise chemically
reacting with the OSC material). Therefore, the formulation
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preferably should not contain additives, like e.g. oxidants or
protonic ot lewis acids, which react with the OSC materials
by forming ionic products.

[0253] Surprising effects can be accomplished by formula-
tions comprising volatile components having similar boiling
points. Preferably, the difference of the boiling point of the
wetting agent and the organic solvent is in the range of -50°
C.to 50° C., more preferably in the range of -30° C. t0 30° C.
and most preferably in the range of -20° C. to 20° C.

[0254] Preferred wetting agents are non-aromatic com-
pounds. With further preference the wetting agents are non-
ionic compounds. Particular useful wetting agents comprise a
surface tension of at most 35 mN/m, more preferably of at
most 30 mN/m and most preferably of at most 25 mN/m. The
surface tension can be measured using a FTA (First Ten
Angstrom) 1000 contact angle goniometer at 25° C. Details of
the method are available from First Ten Angstrom as pub-
lished by Roger P. Woodward, Ph.D. “Surface Tension Mea-
surements Using the Drop Shape Method”. Preferably, the
pendant drop method can be used to determine the surface
tension.

[0255]  According to a preferred aspect of the present inven-
tion, the difference of the surface tension of the organic sol-
vent and the wetting agent is preferably at least 1 mN/m, more
preferably at least 5 mN/m and most preferably at least 10
mN/m.

[0256] Unexpected improvements can be achieved by wet-
ting agents comprising a molecular weight of at least 100
g/mol, preferably at least 150 g/mol, more preferably at least
180 g/mol and most preferably at least 200 g/mol.

[0257] Suitable and preferred wetting agents that do not
oxidise or otherwise chemically react with the OSC materials
are selected from the group consisting of siloxanes, alkanes,
amines, alkenes, alkynes, alcohols and/or halogenated deri-
vates of these compounds. Furthermore, fluoro ethers, fluoro
esters and/or fluoro ketones can be used. More preferably,
these compounds are selected from methyl siloxanes having 6
to 20 carbon atoms, preferably 8 to 16 carbon atoms; C,-C,,
alkanes, C,-C, ,alkenes, C,-C | , alkynes, alcohols having 7 to
14 carbon atoms, fluoro ethers having 7 to 14 carbon atoms,
fluoro esters having 7 to 14 carbon atoms and fluoro ketones
having 7 to 14 carbon atoms. Most preferred wetting agents
are methyl siloxanes having 8 to 14 carbon atoms.

[0258] Useful and preferred alkanes having 7 to 14 carbon
atoms include heptane, octane, nonane, decane, undecene,
dodecane, tridecane, tetradecane, 3-methyl heptane, 4-ethyl
heptane, 5-propyl decane, trimethyl cyclohexane, and deca-
lin.

[0259] Halogenated alkanes having 7 to 14 carbon atoms
include 1-chloro heptane, 1,2-dichloro octane, tetrafluoro
octane, decafluoro dodecane, perfluoro nonane, 1,1,1-trifluo-
romethyl decane, and perfluoro methyl decalin.

[0260] Useful and preferred alkenes having 7 to 14 carbon
atoms include heptene, octene, nonene, 1-decene, 4-decene,
undecene, dodecene, tridecene, tetradecene, 3-methyl hep-
tene, 4-ethyl heptene, 5-propyl decene, and trimethyl cyclo-
hexene.

[0261] Halogenated alkenes having 7 to 14 carbon atoms
include 1,2-dichloro octene, tetrafluoro octene, decafluoro
dodecene, perfluoro nonene, and 1,1,1-trifluoromethyl
decene.

[0262] Useful and preferred alkynes having 7 to 14 carbon
atoms include octyne, nonyne, 1-decyne, 4-decyne, dode-
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cyne, tetradecyne, 3-methyl heptyne, 4-ethyl heptyne, 5-pro-
pyl decyne, and trimethy] cyclohexyne.

[0263] Halogenated alkynes having 7 to 14 carbon atoms
include 1,2-dichloro octyne, tetrafluoro octyne, decafluoro
dodecyne, perfluoro nonyne, and 1,1,1-trifluoromethyl
decyne.

[0264] Useful and preferred alcanols having 7 to 14 carbon
atoms include, heptanol, octanol, nonanol, decanol, unde-
canol, dodecanol, tridecanol, tetradecanol, 3-methyl hep-
tanol, 3,5-dimethyl-1-hexyn-3-ol, 4-ethyl heptanol, S-propyl
decanol, trimethy] cyclohexanol, and hydroxyl decalin.
[0265] Halogenated alkanols having 7 to 14 carbon atoms
include 1-chloro heptanol, 1,2-dichloro octanol, tetrafluoro
octanol, decafluoro dodecanol, perfluoro nonanol, 1,1,1-trif-
luoromethyl decanol, and 2-trifluoro methyl-1-hydroxy deca-
lin.

[0266] Useful and preferred fluoro ethers having 7 to 14
carbon atoms include 3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6 dode-
cafluoro-2-trifluoromethyl-hexane, 3-propoxy-1,1,1,2,3,4.4,
5,5,6,6,6 dodecafluoro-2-trifluoromethyl-hexane, and 3-pro-
poxy-1,1,1,23.4.4,55,5 decafluoro-2-trifluoromethyl-
pentane.

[0267] Useful and preferred fluoro esters having 7 to 14
carbon atoms include 3-(1,1,1,2,3.4.4,5,5,6,6,6 dodecaf-
luoro-2-trifluoromethyl-hexyl) ethanoate, and 3-(1,1,1,2,3.4,
4,5,5,5 decafluoro-2-trifluoromethyl-pentyl) propanoate.
[0268] Useful and preferred fluoro ketones having 7 to 14
carbon atoms include 3-(1,1,1,2,3.4.4,5,5,6,6,6 dodecaf-
luoro-2-trifluoromethyl-hexyl) ethyl ketone, and 3-(1,1,1,2,

34,4555 decafluoro-2-trifluoromethyl-pentyl)  propyl
ketone.
[0269] Useful and preferred siloxanes include hexamethyl

disiloxane, octamethy trisiloxane, decamethy] tetrasiloxane,
dodecamethyl pentasiloxane, and tetradecamethyl hexasilox-
ane.

[0270] Preferably, the formulation comprises at most 5%
by weight, more preferably at most 3% by weight, and most
preferably at most 1% by weight of wetting additives. Pref-
erably, the formulation comprises 0.01 to 5% by weight, more
preferably 0.1 to 3% by weight, and most preferably 0.1to 1%
by weight of wetting agent.

[0271] The formulation according to the present invention
can be designed as an emulsion, dispersion or solution. Pref-
erably, the present formulation is a solution (homogeneous
mixture) comprising no considerable amounts of a second
phase.

[0272] The formulation according to the present invention
can be used for the preparation of organic electronic (OF)
devices, for example transistors like OFETs or organic pho-
tovoltaic (OPV) devices like diodes or solar cells, or organic
light emitting diodes (OLED).

[0273] Preferred OF devices are OFETs. A preferred OFET
according to the present invention comprises the following
components:

[0274] optionally a substrate (1),

[0275] a gate electrode (2),

[0276] aninsulator layer comprising a dielectric material
3,

[0277] an OSC layer (4)

[0278] source and drain electrodes (5), and

[0279] optionally one or more protection or passivation
layers (6).

[0280] FIG. 1A exemplarily and schematically depicts a

typical bottom gate (BG), top contact (TC) OFET device



US 2016/0181552 Al

according to the present invention, comprising a substrate (1),
a gate electrode (2), a layer of dielectric material (3) (also
known as gate insulator layer), an OSC layer (4), and source
and drain (S/D) electrodes (5), and an optional passivation or
protection layer (6).

[0281] The device of FIG. 1A can be prepared by a process
comprising the steps of depositing a gate electrode (2) on a
substrate (1), depositing a dielectric layer (3) on top of the
gate electrode (2) and the substrate (1), depositing an OSC
layer (4) on top of the dielectric layer (3), depositing S/D
electrodes (5) on top of the OSC layer (4), and optionally
depositing a passivation or protection layer (6) on top of the
S/D electrodes (5) and the OSC layer (4).

[0282] FIG. 1B exemplarily and schematically depicts a
typical bottom gate (BG), bottom contact (BC) OFET device
according to the present invention, comprising a substrate (1),
a gate electrode (2), a dielectric layer (3), S/D electrodes (5),
an OSC layer (4), and an optional passivation or protection
layer (6).

[0283] The device of FIG. 1B can be prepared by a process
comprising the steps of depositing a gate electrode (2) on a
substrate (1), depositing a dielectric layer (3) on top of the
gate electrode (2) and the substrate (1), depositing S/D elec-
trodes (5) on top of the dielectric layer (3), depositing an OSC
layer (4) on top of the S/D electrodes (4) and the dielectric
layer (3), and optionally depositing a passivation or protec-
tion layer (6) on top of the OSC layer (4).

[0284] FIG. 2 exemplarily and schematically depicts a top
gate (TG) OFET device according to the present invention,
comprising a substrate (1), source and drain electrodes (5), an
OSC layer (4), a dielectric layer (3), and a gate electrode (2),
and an optional passivation or protection layer (6).

[0285] The device of FIG. 2 can be prepared by a process
comprising the steps of depositing S/D electrodes (5) on a
substrate (1), depositing an OSC layer (4) on top of the S/D
electrodes (4) and the substrate (1), depositing a dielectric
layer (3) on top of the OSC layer (4), depositing a gate
electrode (2) on top of the dielectric layer (3), and optionally
depositing a passivation or protection layer (6) on top of the
gate electrode (2) and the dielectric layer (3).

[0286] The passivation or protectionlayer (6) in the devices
described in FIGS. 1A, 1B and 2 has the purpose of protecting
the OSC layer and the S/D or gate electrodes from further
layers or devices that may be later provided thereon, and/or
from environmental influence.

[0287] The distance between the source and drain elec-
trodes (5), as indicated by the double arrow in FIGS. 1A, 1B
and 2, is the channel area.

[0288] In case of formulations for use in OPV cells, the
formulation preferably comprises or contains, more prefet-
ably consists essentially of, and most preferably exclusively
consists of, a p-type semiconductor and a n-type semiconduc-
tor, or an acceptor and a donor material. A preferred material
of this type is a blend or mixture of poly(3-substituted
thiophene) or P3AT with a C, or C,,, fullerene or modified
Ceo molecule like PCBM [(6,6)-phenyl C61-butyric acid
methyl ester], as disclosed for example in WO 94/05045 Al,
wherein preferably the ratio of P3AT to fullerene is from 2:1
to 1:2 by weight, more preferably from 1.2:1 to 1:1.2 by
weight.

[0289] FIG. 3 and FIG. 4 exemplarily and schematically
depict typical and preferred OPV devices according to the
present invention [see also Waldauf et al., Appl. Phys. Lett.
89, 233517 (2006)].
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[0290] An OPV device as shown in FIG. 3 preferably com-
prises:

[0291] alow work function electrode (31) (for example a
metal, such as aluminum), and a high work function
electrode (32) (for example ITO), one of which is trans-
parent,

[0292] a layer (33) (also referred to as “active layer”)
comprising a hole transporting material and an electron
transporting material, preferably selected from OSC
materials, situated between the electrodes (31,32); the
active layer can exist for example as a bilayer or two
distinct layers or blend or mixture of p and n type semi-
conductor,

[0293] an optional conducting polymer layer (34), for
example comprising a blend of PEDOT:PSS (poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate)), situ-
ated between the active layer (33) and the high work
function electrode (32), to modify the work function of
the high work function electrode to provide an ohmic
contact for holes, and

[0294] an optional coating (35) (for example of LiF) on
the side of the low workfunction electrode (31) facing
the active layer (33), to provide an ohmic contact for
electrons.

[0295] An inverted OPV device as shown in FIG. 4 prefer-
ably comprises:

[0296] alow work function electrode (41) (for example a
metal, such as gold), and a high work function electrode
(42) (for example ITO), one of which is transparent,

[0297] a layer (43) (also referred to as “active layer™)
comprising a hole transporting material and an electron
transporting material, preferably selected from OSC
materials, situated between the electrodes (41,42); the
active layer can exist for example as a bilayer or two
distinct layers or blend or mixture of p and n type semi-
conductor,

[0298] an optional conducting polymer layer (44), for
example comprising a blend of PEDOT:PSS, situated
between the active layer (43) and the low work function
electrode (41) to provide an ohmic contact for electrons,
and

[0299] an optional coating (45) (for example of TiO_) on
the side of the high workfunction electrode (42) facing
the active layer (43), to provide an ohmic contact for
holes.

[0300] The OPV devices of the present invent invention
typically may comprise a p-type (electron donor) semicon-
ductor and a n-type (electron acceptor) semiconductor. Pref-
erably, the p-type semiconductor is for example a polymer
like poly(3-alkyl-thiophene) (P3AT), preferably poly(3-
hexylthiophene) (P3HT), or alternatively another material
selected from the groups of preferred polymeric and mono-
meric OSC material as listed above. The n-type semiconduc-
tor can be an inorganic material such as zinc oxide or cad-
mium selenide, or an organic material such as a fullerene
derivate, for example (6,6)-phenyl C61-butyric acid methyl
ester, also known as “PCBM” or “PC,, BM”, as disclosed for
example in G. Yu, J. Gao, J. C. Hummelen, F. Wudl, A. 1.
Heeger, Science 1995, Vol. 270, p. 1789 ff and having the
structure shown below, or an structural analogous compound
with e.g. a C;, fullerene group (PC;,BM), or a polymer (see
for example Coakley, K. M. and McGehee, M. D. Chem.
Mater. 2004, 16, 4533).
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[0301] A preferred material of this type is a blend or mix-
ture of a polymer like P3HT or another polymer selected from
the groups listed above, with a Cy, or C,, fullerene or modi-
fied Cg, fullerene like PC,,BM or PC,,BM. Preferably the
ratio polymer:fullerene is from 2:1 to 1:2 by weight, more
preferably from 1.2:1 to 1:1.2 by weight, most preferably 1:1
by weight. For the blended mixture, an optional annealing
step may be necessary to optimize blend morpohology and
consequently OPV device performance.

[0302] During the process of preparing an OE device, the
OSC layer is deposited onto a substrate, followed by removal
ofthe solvent together with any volatile additive(s) present, to
form a film or layer.

[0303] Various substrates may be used for the fabrication of
OE devices, for example glass, ITO coated glass, ITO glass
with pre coated layers including PEDOT, PANI etc, or plas-
tics, plastics materials being preferred, examples including
alkyd resins, allyl esters, benzocyclobutenes, butadiene-sty-
rene, cellulose, cellulose acetate, epoxide, epoxy polymers,
ethylene-chlorotrifluoro ethylene, ethylene-tetra-fluoroeth-
vlene, fibre glass enhanced plastic, fluorocarbon polymers,
hexafluoropropylenevinylidene-fluoride copolymer, high
density polyethylene, parylene, polyamide, polyimide, pol-
yaramid, polydimethylsiloxane, polyethersulphone, polyeth-
ylene, polyethylenenaphthalate, polyethyleneterephthalate,
polyketone, polymethylmethacrylate, polypropylene, poly-
styrene, polysulphone, polytetrafluoroethylene, polyure-
thanes, polyvinylchloride, silicone rubbers, silicones, and
flexible films with ITO, or other conducting layers and barrier
layers e.g. Vitex film.

[0304] Preferred substrate materials are polyethylene-
terephthalate, polyimide, and polyethylenenaphthalate. The
substrate may be any plastic material, metal or glass coated
with the above materials. The substrate should preferably be
homogeneous to ensure good pattern definition. The substrate
may also be uniformly pre-aligned by extruding, stretching,
rubbing or by photochemical techniques to induce the orien-
tation of the organic semiconductor in order to enhance car-
rier mobility.

[0305] The electrodes can be deposited by liquid coating,
such as spray-, dip-, web- or spin-coating, or by vacuum
deposition or vapor deposition methods. Suitable electrode
materials and deposition methods are known to the person
skilled in the art. Suitable electrode materials include, with-
out limitation, inorganic or organic materials, or composites
of the two. Examples for suitable conductor or electrode
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materials include polyaniline, polypyrrole, PEDOT or doped
conjugated polymers, further dispersions or pastes of graph-
ite or particles of metal such as Au, Ag, Cu, Al, Ni or their
mixtures as well as sputter coated or evaporated metals such
as Cu, Cr, Pt/Pd or metal oxides such as indium tin oxide
(ITO). Organometallic precursors may also be used deposited
from a liquid phase.

[0306] Preferably, the substrate on surface on which the
formulation according to the present invention is applied
comprises a surface energy in the range of 130to 25 mN m™,
more preferably in the range of 115 to 30 mN m™", determined
by measuring the contact angle of at least 2 solvents, e.g.
water and methylene iodide, but other solvents can be used.
These are typically measured using a contact angle goniom-
eter such as a FTA 1000, at a temperature of 20 to 25° C.
(room temperature and at normal atmospheric pressure) the
contact angle of the 2 solvents are then combined using a
variety of mathematical models, typically Owens-Wendt geo-
metric mean or Wu’s harmonic mean. Preferably, the Owens-
Wendt method is used.

Owens-Wendt Formula

[0307]
(1+cos ONLV=2V(yPSV YLV + 2V (Y SHFLY)

Wu’s Harmonic Mean Formula

[0308]
(1408 OWLV=4{y°SWPLVIY SV+PLY )/ SV"LV]
(W SVHLY)}
[0309] Deposition of the OSC layer can be achieved by

standard methods that are known to the skilled person and are
described in the literature. Suitable and preferred deposition
methods include liquid coating and printing techniques. Pre-
ferred deposition methods include, without limitation, dip
coating, spin coating, spray coating, acrosol jetting, ink jet
printing, nozzle printing, gravure printing, doctor blade coat-
ing, roller printing, reverse-roller printing, flexographic print-
ing, web printing, screen printing, stencil printing, spray coat-
ing, dip coating, curtain coating, kiss coating, meyer bar
coating, 2 roll nip fed coating, anilox coaters, knife coating or
slot dye coating. Preferably, the OSC layer is applied with
gravure printing, doctor blade coating, roller printing,
reverse-roller printing, flexographic printing, web printing,
anilox coaters. Gravure and flexographic printing and vari-
ants of these printing methods are preferred. These include
but or not limited to, micro gravure, reverse gravure, offset
gravure, reverse roll etc. Both web fed (roll to roll) and sheet-
fed in both flatbed and the more conventional ‘on the round’
configurations can be used.

[0310] For flexo printing the anilox can be either chromed
steel or ceramic, preferably ceramic. The cell etch can vary
between 2 cm’/m” to 120 cm®/m?, preferably between 3 cm®/
m?to 20 cm>/m? and more preferably between 4 cm®/m* to 18
em®/m?, however the dried film thickness will vary on the
concentration of the active material and the transfer charac-
teristics of said formulation.

[0311] The cell configuration, i.e. shape, depth, cell wall
linking can be adapted by a person skilled in the art to achieve
an optimal printing result.

[0312] For gravure printing the chromed steel is preferably
used but this does not exclude other materials. The engraving
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requirements are approximately 50% of those for the flexo-
graphic printing because there is one less transfer process
involved.

[0313] The speed can vary significantly depending on the
press type and configuration, for flatbed printing the print
speed is typically very slow, typically 100 mm/minute or less.
On roll to roll presses the speed can exceed 500 m/minute.
[0314] According to a preferred aspect, an insulator layer
can be deposited on a substrate in order to achieve a special
type of an OF according to the present invention. Preferably,
the insulator layer is deposited by solution processing, very
preferably using a solution of a dielectric material, which is
optionally cross-linkable, in one or more organic solvents.
Preferably the solvent used for depositing the dielectric mate-
rial is orthogonal to the solvent used for depositing the OSC
material, and vice versa.

[0315] When spin coating is used as deposition method, the
OSC or dielectric material is spun for example between 1000
and 2000 rpm for a period of for example 30 seconds to give
alayer with a typical layer thickness between 0.5 and 1.5 um.
After spin coating the film can be heated at an elevated tem-
perature to remove all residual volatile solvents.

[0316] Ifa cross-linkable dielectric is used, it is preferably
cross-linked after deposition by exposure to electron beam or
electromagnetic (actinic) radiation, like for example X-ray,
UV or visible radiation. For example, actinic radiation can be
used having a wavelength of from 50 nm to 700 nm, prefer-
ably from 200 to 450 nm, and more preferably from 300 to
400 nm. Suitable radiation dosages are typically in the range
from 25 to 3,000 mJ/cm?>. Suitable radiation sources include
mercury, mercury/xenon, mercury/halogen and xenon lamps,
argon or xenon laser sources, x-ray, or e-beam. The exposure
to actinic radiation will induce a cross-linking reaction in the
cross-linkable groups of the dielectric material in the exposed
regions. It is also possible for example to use a light source
having a wavelength outside the absorption band of the cross-
linkable groups, and to add a radiation sensitive photosensi-
tizer to the cross-linkable material.

[0317] Optionally the dielectric material layer is annealed
after exposure to radiation, for example at a temperature from
70° C. to 130° C., for example for a period of from 1 to 30
minutes, preferably from 1 to 10 minutes. The annealing step
at elevated temperature can be used to complete the cross-
linking reaction that was induced by the exposure of the
cross-linkable groups of the dielectric material to photoradi-
ation.

[0318] Removal of the solvent and any volatile additive(s)
is preferably achieved by evaporation, for example by expos-
ing the deposited layer to high temperature and/or reduced
pressure, preferably at =50° C. to 300° C., more preferably
20° C. to 250° C. According to a preferred aspect of the
present invention, the solvent(s) and any volatile additive can
be evaporated under reduced pressure. Preferably either
atmospheric pressure or reduced pressure, the pressure for
solvent evaporation ranges from 10~ mbar to 1 bar, prefer-
ably from 107> mbar to 100 mbar and more preferably from
0.1 mbar to 10 mbar. Moreover, the evaporation of the solvent
can be preferably achieved below the boiling point of the
solvent.

[0319] The thickness of the dried OSC layer is preferably
from 1 nm to 50 pm, more preferably from 2 to 1000 nm and
most preferably 3 to 500 nm. Preferred layers comprising
organic light emitting materials and/or charge transporting
materials can have a thickness in the range of 2 to 150 nm.
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[0320] Further to the materials and methods as described
above and below, the OE device and its components can be
prepared from standard materials and standard methods,
which are known to the person skilled in the art and described
in the literature.

[0321] Itwill be appreciated that variations to the foregoing
embodiments of the invention can be made while still falling
within the scope of the invention. Each feature disclosed in
this specification, unless stated otherwise, may be replaced by
alternative features serving the same, equivalent or similar
purpose. Thus, unless stated otherwise, each feature disclosed
is oneexample only of a generic series of equivalent or similar
features.

[0322] All of the features disclosed in this specification
may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually
exclusive. In particular, the preferred features of the invention
are applicable to all aspects of the invention and may be used
in any combination. Likewise, features described in non-
essential combinations may be used separately (1ot in com-
bination).

[0323] It will be appreciated that many of the features
described above, particularly of the preferred embodiments,
are inventive in their own right and not just as part of an
embodiment of the present invention. Independent protection
may be sought for these features in addition to or alternative
to any invention presently claimed.

[0324] Unless the context clearly indicates otherwise, as
used herein plural forms of the terms herein are to be con-
strued as including the singular form and vice versa.

[0325] Throughout the description and claims of this speci-
fication, the words “comprise” and “contain” and variations
of the words, for example “comprising” and “comprises”,
mean “including but not limited to”, and are not intended to
(and do not) exclude other components.

[0326] The term “polymer” includes homopolymers and
copolymers, e.g. statistical, alternating or block copolymers.
In addition, the term “polymer” as used hereinafter does also
include oligomers and dendrimers.

[0327] Dendrimers are typically branched macromolecular
compounds consisting of a multifunctional core group onto
which further branched monomers are added in a regular way
giving a tree-like structure, as described e.g. in M. Fischerand
F. Vogtle, Angew. Chem., Int. Ed. 1999, 38, 885.

[0328] The term “conjugated polymer” means a polymer
containing in its backbone (or main chain) mainly C atoms
with sp*-hybridisation, or optionally sp-hybridisation, which
may also be replaced by hetero atoms, enabling interaction of
one m-orbital with another across an intervening o-bond. In
the simplest case this is for example a backbone with alter-
nating carbon-carbon (or carbon-hetero atom) single and
multiple (e.g. double or triple) bonds, but does also include
polymers with units like 1,3-phenylene. “Mainly” means in
this connection that a polymer with naturally (spontaneously)
occurring defects, which may lead to interruption of the con-
jugation, is still regarded as a conjugated polymer. Also
included in this meaning are polymers wherein the backbone
comprises for example units like aryl amines, aryl phosphines
and/or certain heterocycles (i.e. conjugation via N-, O-, P- or
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S-atoms) and/or metal organic complexes (i.e. conjugation
via a metal atom). The term “conjugated linking group”
means a group connecting two rings (usually aromatic rings)
consisting of C atoms or hetero atoms with sp-hybridisation
or sp-hybridisation. See also “IUPAC Compendium of
Chemical terminology, Electronic version”.

[0329] Unless stated otherwise, the molecular weight is
given as the number average molecular weight M,, or as
weight average molecular weight M, , which unless stated
otherwise are determined by gel permeation chromatography
(GPC) against polystyrene standards.

[0330] Thedegree of polymerization (n) means the number
average degree of polymerization, unless stated otherwise
given as n=M, /M, wherein M,, is the molecular weight of
the single repeating unit.

[0331] Theterm “small molecule” means a monomeric, i.e.
a non-polymeric compound.

[0332] Unless stated otherwise, percentages of solids are
percent by weight (“wt. %), percentages or ratios of liquids
(like e.g. in solvent mixtures) are percent by volume (“vol.
%), and all temperatures are given in degrees Celsius (° C.).

[0333] Unless stated otherwise, concentrations or propor-
tions of mixture components, given in percentages or ppm are
related to the entire formulation including the solvents.

[0334] All process steps described above and below can be
carried out using known techniques and standard equipment
which are described in prior art and are well-known to the
skilled person.

[0335] The invention will now be described in more detail
by reference to the following examples, which are illustrative
only and do not limit the scope of the present invention.

EXAMPLES
Example 1

2% solids, OSC: 9M PS (5:1)

[0336] Compound A is a mixture of the following isomers
SiFt;
S AN S
F F *
\ Ay
SiFt;
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SiEt;

[0337] Compound A and its preparation are disclosed in S.
Subramanian, J. Anthony et al., J. Am. Chem. Soc. 2008, 130,
2706-2707 (including Supporting Information).

[0338] Teonex Q65FA film (available from DuPont Teijin
Films) was washed in an ultrasonic methanol bath for 2 min-
utes and then rinsed with methanol. Approximately 60 nm
thick gold source drain electrodes were evaporated with a
parallel plate geometry of 20 micron wide by 1000 micron
long. The substrate was cleaned with plasma ozone for 1
minute. The electrodes were treated with Lisicon™ M001
(available from Merck Chemicals) SAM treatment by spin
coating from isopropyl alcohol and evaporating the excess off
on a hot plate at 100° C. for 1 minute.

[0339] An OSC formulation was prepared by dissolving
1.67 parts of Compound A and 0.33 parts of a polystyrene
having a molecular weight Mw of 9.000.000 g/mol in 78.4
parts of cyclohexylbenzene and 19.6 parts of mesitylene.
[0340] Viscosity measured as 15.1 mPas (Viscosity mea-
sured using a TA, AR-G2 rheometer, using 40 mm parallel
plate geometry).

[0341] The OSC formulation was then printed as a 5x5 cm
wide area block on the array of source drain electrodes on
PEN film as described above using a RK Flexiproof 100
flexographic printing with a 6 cm*/m? loaded anilox and a
Nakan flexo mat running at 70 m/min speed. The printed OSC
layer was then annealed at 70° C. for 4 minutes.

[0342] A dielectric layer of fluoro-polymer Lisicon™
D139 (9% solids available from Merck Chemicals) was spun
on top ofthe OSC layer on the device and annealed at 100° C.
for 2 minutes to give a dry dielectric film of approximately 1
micron thickness.

[0343] Finally a 50 nm thick gold gate electrode array was
evaporated on top of the dielectric layer in such a way that it
covered the existing source drain electrode structures.
[0344] The transfer and stress measurements of the OFET
device was performed by using Keithley 4200. The transistor
transfer characteristic and the linear and saturation mobility
are depicted in FIG. 5.

Example 2

2% solids, OSC: 9M PS (3:1)

[0345] Teonex Q65FA film (available from DuPont Teijin
Films) was washed in an ultrasonic methanol bath for 2 min-
utes and then rinsed with methanol. Approximately 60 nm
thick gold source drain electrodes were evaporated with a
parallel plate geometry of 20 micron wide by 1000 micron
long. The substrate was cleaned with plasma ozone for 1
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minute. The electrodes were treated with Lisicon™ MO001
(available from Merck Chemicals) SAM treatment by spin
coating from isopropyl alcohol and evaporating the excess off
on a hot plate at 100° C. for 1 minute.

[0346] An OSC formulation was prepared by dissolving
1.5 parts of Compound A and 0.5 parts of a polystyrene
having a molecular weight Mw of 9.000.000 g/mol in 78.4
parts of cyclohexylbenzene and 19.6 parts of mesitylene.

[0347] Viscosity measured as 26 mPas (Viscosity measured
using a TA, AR-G2 rheometer, using 40 mm parallel plate
geometry).

[0348] The OSC formulation was then printed as a 5x5 cm
wide area block on the array of source drain electrodes on
PEN film as described above using a RK Flexiproof 100
flexographic printing with a 6 em*/m? loaded anilox and a
Nakan flexo mat running at 70 m/min speed. The printed OSC
layer was then annealed at 70° C. for 4 minutes.

[0349] A dielectric layer of fluoro-polymer Lisicon™
D139 (9% solids available from Merck Chemicals) was spun
on top of the OSC layer on the device and annealed at 100° C.
for 2 minutes to give a dry dielectric film of approximately 1
micron thickness.

[0350] Finally a 50 nm thick gold gate electrode array was
evaporated on top of the dielectric layer in such a way that it
covered the existing source drain electrode structures.

[0351] The transfer and stress measurements of the OFET
device was performed by using Keithley 4200. The transistor
transfer characteristic and the linear and saturation mobility
are depicted in FIG. 6.

Example 3

2% solids, OSC: 15M PS (5:1)

[0352] Teonex Q65FA film (available from DuPont Teijin
Films) was washed in an ultrasonic methanol bath for 2 min-
utes and then rinsed with methanol. Approximately 60 nm
thick gold source drain electrodes were evaporated with a
parallel plate geometry of 20 micron wide by 1000 micron
long. The substrate was cleaned with plasma ozone for 1
minute. The electrodes were treated with Lisicon™ MO001
(available from Merck Chemicals) SAM treatment by spin
coating from isopropyl alcohol and evaporating the excess off
on a hot plate at 100° C. for 1 minute.

[0353] An OSC formulation was prepared by dissolving
1.67 parts of Compound A and 0.33 parts of a polystyrene
having a molecular weight Mw of 15.000.000 g/mol in 78.4
parts of cyclohexylbenzene and 19.6 parts of mesitylene.

[0354] Viscosity measured as 16.2 mPas (Viscosity mea-
sured using a TA, AR-G2 rheometer, using 40 mm parallel
plate geometry).

[0355] The OSC formulation was then printed as a 5x5 cm
wide area block on the array of source drain electrodes on
PEN film as described above using a RK Flexiproof 100
flexographic printing with a 6 cm*/m? loaded anilox and a
Nakan flexo mat running at 70 m/min speed. The printed OSC
layer was then annealed at 70° C. for 4 minutes.

[0356] A dielectric layer of fluoro-polymer Lisicon™
D139 (9% solids available from Merck Chemicals) was spun
on top of the OSC layer on the device and annealed at 100° C.
for 2 minutes to give a dry dielectric film of approximately 1
micron thickness.
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[0357] Finally a 50 nm thick gold gate electrode array was
evaporated on top of the dielectric layer in such a way that it
covered the existing source drain electrode structures.

[0358] The transfer and stress measurements of the OFET
device was performed by using Keithley 4200. The transistor
transfer characteristic and the linear and saturation mobility
are depicted in FIG. 7a.

[0359] Stress data regarding Source-Gate DC stress for 20
h, taken every 1 h, are shown in FIG. 7b (Vs/d=+30V) and
FIG. 7c (Vs/d=-30V).

Example 4

2% solids, OSC: 15M PS (3:1)

[0360] Teonex Q65FA film (available from DuPont Teijin
Films) was washed in an ultrasonic methanol bath for 2 min-
utes and then rinsed with methanol. Approximately 60 nm
thick gold source drain electrodes were evaporated with a
parallel plate geometry of 20 micron wide by 1000 micron
long. The substrate was cleaned with plasma ozone for 1
minute. The electrodes were treated with Lisicon™ M001
(available from Merck Chemicals) SAM treatment by spin
coating from isopropyl alcohol and evaporating the excess off
on a hot plate at 100° C. for 1 minute.

[0361] An OSC formulation was prepared by dissolving
1.5 parts of Compound A and 0.5 parts of a polystyrene
having a molecular weight Mw of 15.000.000 g/mol in 78.4
parts of cyclohexylbenzene and 19.6 parts of mesitylene.

[0362] Viscosity measured as 26 mPas (Viscosity measured
using a TA, AR-G2 rheometer, using 40 mm parallel plate

geometry).

[0363] The OSC formulation was then printed as a 5x5 cm
wide area block on the array of source drain electrodes on
PEN film as described above using a RK Flexiproof 100
flexographic printing with a 6 cm*/m* loaded anilox and a
Nakan flexo mat running at 70 m/min speed. The printed OSC
layer was then annealed at 70° C. for 4 minutes.

[0364] A dielectric layer of fluoro-polymer Lisicon™
D139 (9% solids available from Merck Chemicals) was spun
on top of the OSC layer on the device and annealed at 100° C.
for 2 minutes to give a dry dielectric film of approximately 1
micron thickness.

[0365] Finally a 50 nm thick gold gate electrode array was
evaporated on top of the dielectric layer in such a way that it
covered the existing source drain electrode structures.

[0366] The transfer and stress measurements of the OFET
device was performed by using Keithley 4200. The transistor
transfer characteristic and the linear and saturation mobility
are depicted in FIG. 8.

Example 5

[0367] Teonex Q65FA film (available from DuPont Teijin
Films) was washed in an ultrasonic methanol bath for 2 min-
utes and then rinsed with methanol.

[0368] The OLED formulation was prepared by dissolving
of a phosphorescent compound according to formula C-1 ata
level of 0.5% by weight,
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(€1

/N

a host material according to formula C-2 at a level of 1.0% by
weight,

82959
4

a host material according to formula C-3 at a level of 1,0% by
weight,

©2)

€3

and 0.25% by weight of a polystyrene having a molecular
weight Mw of 15 000 000 g/mol in a 3:1 blend of anisole:
mesitylene.

[0369] Viscosity measured as 29 cp (Viscosity measured
using a TA, AR-G2 rheometer, using 40 mm parallel plate
geometry).

[0370] TheOSC formulation was then printed as an array of
lines:

50u with gaps of 100p, 200p and 400,

100u lines with gaps of 200 and

200u lines with gaps of 200u and 400u.
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[0371] The formulation was printed using a Nissha ang-
stromer flexographic printer and then dried at 100° C. for 20
minutes. The printed result was imaged using a Nikon EV400
microscope using a UV light source to view under photolu-
minescence. The printing quality was high. No significant
problems were seen.

1.-15. (canceled)

16. A formulation comprising at least one organic semi-
conducting compound (OSC), at least one organic solvent,
and at least one polymeric binder, wherein said organic semi-
conducting compound has a molecular weight of at most
5000 g/mol and said polymeric binder has a weight average
molecular weight of at least 5,000,000 g/mol and said com-
position comprises a viscosity at 25° C. of at least 15 mPas.

17. The formulation according to claim 16, wherein said
said polymeric binder has a weight average molecular weight
of at least 8,000,000 g/mol, and said composition comprises
a viscosity at 25° C. of at least 20 mPas.

18. The formulation according to claim 16, wherein said
polymeric binder is a polymer comprising repeating units
derived from styrene monomers and/or olefins.

19. The formulation according to claim 16, wherein said
polymeric binder is a polymer comprising at least 85% by
weight of repeating units derived from styrene monomers.

20. The formulation according to claim 16, wherein said
formulation comprises in the range 0f 0.1 to 10% by weight of
said at least polymeric binder.

21. The formulation according to claim 16, wherein said
organic solvent comprises at least one aromatic and/or het-
eroaromatic compound.

22. The formulation according to claim 16, wherein said
organic solvent comprises at least 80% by weight of com-
pounds having a viscosity at 25° C. of less than 15 mPas.

23. The formulation according to claim 16, wherein said
formulation comprises at least 80% by weight of said at least
one organic solvent.

24. The formulation according to claim 16, wherein said at
least one organic semiconducting compound is an organic
light emitting material and/or charge transporting material.

25. The formulation according to claim 16, wherein said at
least one of the organic semiconducting compound is selected
from formula M1:

M1
RIC RU R2 R!

R R?
RS MD O ‘ O R3
R’ Ré R’ R*

whereineach of R', R%, R* R*, R’,R% R”,R%, R?, R!°,R!
and R'?, which is optionally the same or different, inde-
pendently represents: hydrogen; an optionally substi-
tuted C,-C,,, carbyl or hydrocarbyl group; an optionally
substituted C,-C,, alkoxy group; an optionally substi-
tuted C,-C,, aryloxy group; an optionally substituted
C,-C,, alkylaryloxy group; an optionally substituted
C,-C,, alkoxycarbonyl group; an optionally substituted
C,-C,, aryloxycarbonyl group; acyano group (—CN); a
carbamoyl group (—C(—O)NH,); a haloformyl group
(—C(=0)—X, wherein X represents a halogen atom);
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a formyl group (—C(=0)—H); an isocyano group; an
isocyanate group; a thiocyanate group or a thioisocyan-
ate group; an optionally substituted amino group; a
hydroxy group; a nitro group; a CF; group; a halo group;
or an optionally substituted silyl or alkynylsilyl group;
wherein independently each pair of R! and R?, R? and R?,
R?and R*, R” and R® R®* and R®, R® and R*°, is option-
ally cross-bridged to form a C,-C,, saturated or unsat-
urated ring, which saturated or unsaturated ring is
optionally intervened by an oxygen atom, a sulphur
atom or a group of the formula —N(R*)—, wherein R*
is a hydrogen atom or an optionally substituted hydro-
carbon group, or may optionally be substituted; and

wherein one or more of the carbon atoms of the polyacene
skeleton may optionally be substituted by a heteroatom
selected from N, P, As, O, S, Se and Te;

wherein independently any two or more of the substituents

R'-R'? which are located on adjacent ring positions of
the polyacene may, together, optionally constitute a fur-
ther C,-C,, saturated or unsaturated ring optionally
intervened by O, S or —N(R®), where R” is as defined
above, or an aromatic ring system, fused to the poly-
acene; and

whereinn is 0, 1, 2, 3 or 4.

26. The formulation according to claim 16, wherein said at
least one organic light emitting material and/or charge trans-
porting material having a molecular weight of at most 5000
g/mol is an organic phosphorescent compound which emits
light and in addition contains at least one atom having an
atomic number greater than 38.

27. The formulation according to claim 26, wherein said at
least one phosphorescent compound is a compound selected
of formulae (1) to (4):

formula (1)
DCy
A—Ir
CC,
71,
i formula (2)
DCy
Ir
CC
Y1
formula (3)
/ I
A—DPt \
CCy
formula (4)
DCy
Pt
CC
Y1,
wherein

DCy i1s, identically or differently on each occurrence, a
cyclic group which contains at least one donor atom, the
groups DCy and CCy are connected to one another via a
covalent bond;

CCy is, identically or differently on each occurrence, a
cyclic group which contains a carbon atom via which the
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cyclic group is bonded to the metal and which may in
turn carry one or more substituents R'®;

A is, identically or differently on each occurrence, a
monoanionic, bidentate chelating ligand,

R'®areidentically or differently at each instance, and are F,
Cl, Br, I, NO,, CN, a straight-chain, branched or cyclic
alkyl or alkoxy group having from 1 to 20 carbon atoms,
in which one or more nonadjacent CH, groups is option-
ally replaced by —O—, —S—, —NRY—
—CONR"—, —CO—0—, —C—0—,
—CH=CH— or —C=C—, and in which one or more
hydrogen atoms is optionally replaced by F, or an aryl or

heteroaryl group which has from 4 to 14 carbon atoms
and is optionally substituted by one or more nonaro-
matic R*® radicals, and a plurality of substituents R*®,
either on the same ring or on two different rings, may
together in turn form a mono- or polycyelic, aliphatic
or aromatic ring system; and

R'? are identically or differently at each instance, and are a
straight-chain, branched or cyclic alkyl or alkoxy group
having from 1 to 20 carbon atoms, in which one or more
nonadjacent CH, groups is optionally replaced by
—0—, —S—, —CO0—0—, —C—0—,
—CH=CH— or —C=C—, and in which one or more
hydrogen atoms is optionally replaced by F, or an aryl or
heteroaryl group which has from 4 to 14 carbon atoms
and is optionally substituted by one or more nonaro-
matic R*® radicals.

28. The formulation according to claim 27, wherein

DCy is, identically or differently on each occurrence, a
cyclic group which contains at least one nitrogen, carbon
in the form of a carbene or phosphorus, via which the
cyclic group is bonded to the metal, and which may in
turn carry one or more substituents R'%; the groups DCy
and CCy are connected to one another via a covalent
bond; and

A is, identically or differently on each occurrence, a dike-
tonate ligand;

29. The formulation according to claim 16, wherein said
formulation comprises 0.1 to 10% by weight of at least one
organic semiconducting compound having a molecular
weight of at most 5000 g/mol.

30. The formulation according to claim 16, wherein said
formulation comprises at least one wetting agent.

31. A coating or printing ink for the preparation of OE
devices which comprises the formulation as claimed in claim
16.

32. A process of preparing an organic electronic (OE)
device, comprising the steps of

a) depositing the formulation according to claim 16 onto a
substrate to form a film or layer, and

b) removing the at least one solvent.

33. An organic electronic device prepared from the formu-
lation according to claim 16.

34. An organic electronic device prepared by the process
according to claim 32.

I S T
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