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Description
BACKGROUND

[0001] The invention relates generally to organic light
emitting devices having surface modified electrodes us-
ing amine-substituted polymeric materials.

[0002] Electro-active materials, such as electro-active
organic materials are used for producing various types
of electronic devices, such as organic light emitting de-
vices (OLEDs), photodetectors, and photovoltaic devic-
es. Generally, the electronic devices, such as OLEDs,
require low work function metals, such as calcium, mag-
nesium, and the like to facilitate charge injection into the
electro-active materials. A problem with the use of low
work function metals is their high reactivity toward ambi-
ent air and moisture, which often requires that fabrication
and operation of these devices be conducted under her-
metic conditions or the devices be rigorously encapsu-
lated. To overcome or alleviate these difficulties, it is de-
sirable to employ less reactive metals such as aluminum,
gold, silver, and the like as electrodes. However, due to
the considerable mismatch of their Fermi-level to the low-
est unoccupied molecular orbital (LUMO) of the state-of-
the-art electro-active materials, the less reactive metals
lead to less efficient electron injection. As a result, de-
vices employing these less reactive metals as electrode
materials generally operate at relatively higher voltages
and exhibit poorer quantum and power efficiency. In or-
der to circumvent this problem, various electrode activa-
tion methods have been employed. One such method
for activating metal electrodes is to insert a layer of insu-
lating materials, such as alkali metal fluorides in between
the electro-active material and the less reactive metal
electrode. However, the application of the activation layer
in the most of state-of-the-art devices can be only
achieved via thermal evaporation under high vacuum,
and does not lend itself to large area high throughput
processing.

US 2004/0199016 discloses polyvinyl arylamines as hole
transporting materials in OLEDs.

[0003] Therefore, there is a need to provide functional
organic materials that lower the injection barrier, thereby
allowing for efficient charge flow between the electrodes
and an adjacent electro-active material and, at the same
time, substantially preserving the long-term stability and
performance of the device. Further, there is a need for
methods for using such functional organic materials for
producing modified electrodes, which in turn can be used
for making electronic devices, for example.

BRIEF DESCRIPTION

[0004]
claims.

Embodiments of the invention are set out in the
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DRAWINGS

[0005] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

[0006]

FIG. 1 is a schematic representation of a first elec-
tronic device structure having a layer of a functional
organic material, which comprises an amine-substi-
tuted polymeric material in accordance with embod-
iments of the present invention;

FIG. 2 is a schematic representation of a second
electronic device structure having a mixed layer of
an electro-active material and a functional organic
material, which comprises an amine-substituted pol-
ymeric material in accordance with embodiments of
the present invention;

FIG. 3 is a schematic representation of a third elec-
tronic device structure having a first functional or-
ganic material layer and a second functional organic
material layer, in accordance with embodiments of
the present invention; and

FIG. 4 is a schematic representation of a fourth elec-
tronic device structure having a charge injection/
transport material layer and a functional organic ma-
terial, which comprises an amine-substituted poly-
meric material layer in accordance with embodi-
ments of the present invention; and

FIG. 5 is a graphical plot of efficiency measured in
candela per ampere versus current density for ex-
emplary electronic devices 1, 2, and 3 in accordance
with an example of the present invention.

DETAILED DESCRIPTION

[0007] The presentinvention may be understood more
readily by reference to the following detailed description
of preferred embodiments of the invention and the ex-
amples included therein. In the following specification
and the claims which follow, reference will be made to a
number of terms which shall be defined to have the fol-
lowing meanings:

The singular forms "a", "an" and "the" include plural

referents unless the context clearly dictates other-

wise.

[0008] "Optional" or "optionally" means that the sub-
sequently described event or circumstance may or may
not occur, and that the description includes instances
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where the event occurs and instances where it does not.
[0009] Asused hereinthe term "aliphaticradical" refers
to an organic radical having a valence of at least one
consisting of a linear or branched array of atoms which
is not cyclic. The array of atoms comprising the aliphatic
radical may include heteroatoms such as silicon, or may
be composed exclusively of carbon and hydrogen. For
convenience, the term "aliphatic radical" is defined herein
to encompass, as part of the "linear or branched array of
atoms which is not cyclic" a wide range of functional
groups such as alkyl groups, alkenyl groups, alkynyl
groups, halo alkyl groups, conjugated dienyl groups, and
the like. For example, the 4-methylpent-1-yl radical is a
Cgaliphatic radical comprising a methyl group, the methyl
group being a functional group which is an alkyl group.
Similarly, the but-1-yl group is a C, aliphatic radical. An
aliphatic radical may be a haloalkyl group which compris-
es one or more halogen atoms which may be the same
or different. Halogen atomsinclude, for example; fluorine,
chlorine, bromine, andiodine. Aliphatic radicals compris-
ing one or more halogen atoms include the alkyl halides
trifluoromethyl, bromodifluoromethyl, chlorodifluorome-
thyl, hexafluoroisopropylidene, chloromethyl; difluorovi-
nylidene; trichloromethyl, bromodichloromethyl, bromo-
ethyl, 2-bromotrimethylene (e.g. - CH,CHBrCH,-), and
the like. Further examples of aliphatic radicals include
allyl, dimethylisopropylidene (i.e. -CH,C(CH3),CH>-),
methyl (i.e.-CH3), methylene (i.e. - CH,-), ethyl, ethylene,
hexyl, hexamethylene, trimethylsilyl (i.e.(CH3)3Si-), t-
butyldimethylsilyl, vinyl, vinylidene, and the like. By way
of further example, a C4-C, aliphatic radical contains at
least one but no more than 10 carbon atoms. A methyl
group (i.e. CHs-) is an example of a C, aliphatic radical.
A decyl group (i.e. CH3(CH2)o-) is an example of a Cqq
aliphatic radical.

[0010] As used herein, the term "aromatic radical" re-
fers to an array of atoms having a valence of at least one
comprising at least one aromatic group. As used herein,
the term "aromatic radical" includes but is not limited to
phenyl, naphthyl, phenylene, and biphenyl radicals. As
noted, the aromatic radical contains at least one aromatic
group. The aromatic group is invariably a cyclic structure
having 4n+2 "delocalized" electrons where "n" is an in-
tegerequalto 1 orgreater, as illustrated by phenyl groups
(n = 1), naphthyl groups (n = 2), anthraceneyl groups (n
= 3) and the like. The aromatic radical may also include
nonaromatic components. For example, a benzyl group
is an aromatic radical that comprises a phenyl ring (the
aromatic group) and a methylene group (the nonaromatic
component). Similarly a tetrahydronaphthyl radical is an
aromatic radical comprising an aromatic group (CgHs)
fused to a nonaromatic component-(CH,),-. For conven-
ience, the term "aromatic radical" is defined herein to
encompass a wide range of functional groups such as
alkyl groups, alkenyl groups, alkynyl groups, haloalkyl
groups, haloaromatic groups, conjugated dienyl groups,
and the like. For example, the 4-methylphenyl radical is
a C; aromatic radical comprising a methyl group, the me-
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thyl group being a functional group which is an alkyl
group. Aromatic radicals include halogenated aromatic
radicals such as trifluoromethylphenyl, hexafluoroisopro-
pylidenebis(4-phen-1-yl) (i.e. - OPhC(CF3),Ph-), chloro-
methylphenyl; 3-trichloromethylphen-1-yl (i.e. 3-CCl,
Ph-), 4(3-bromoprop-1-yl)phen-1-yl (i.e. BrCH,CH,CH,
Ph-), and the like. Further examples of aromatic radicals
include isopropylidenebis(4-phen-1-yl) (i.e. - PhC(CHs),
Ph-), 3-methylphen-1-yl, methylenebis(phen-4-yl) (i.e.
-PhCH,Ph-), 2-ethylphen-1-yl, phenylethenyl, hexame-
thylene-1,6-bis(phen-4-yl) (i.e. -Ph(CH,)gPh-); 3-trime-
thylsilylphen-1-yl, 4-t-butyldimethylsilylphenl-1-yl, 4-vi-
nylphen-1-yl, vinylidenebis(phenyl), and the like. The
benzyl radical (C;Hg-) represents a C; aromatic radical.
[0011] As used herein the term "cycloaliphatic radical"
refers to a radical having a valence of at least one, and
comprising an array of atoms which is cyclic but which
is not aromatic. As defined herein a "cycloaliphatic radi-
cal" does not contain an aromatic group. A "cycloaliphatic
radical" may comprise one or more noncyclic compo-
nents. For example, a cyclohexylmethyl group (CgH44
CH,-) is a cycloaliphatic radical that comprises a cy-
clohexyl ring (the array of atoms which is cyclic but which
is not aromatic) and a methylene group (the non-cyclic
component). The cycloaliphatic radical may include het-
eroatoms such as silicon, or may be composed exclu-
sively of carbon and hydrogen. For convenience, the term
"cycloaliphatic radical" is defined herein to encompass a
wide range of functional groups such as alkyl groups,
alkenyl groups, alkynyl groups, halo alkyl groups, conju-
gated dienyl groups, and the like. For example, the 4-
methylcyclopent-1-ylradical is a C4 cycloaliphatic radical
comprising a methyl group, the methyl group being a
functional group which is an alkyl group. A cycloaliphatic
radical may comprise one or more halogen atoms, which
may be the same or different. Halogen atoms include,
for example; fluorine, chlorine, bromine, and iodine. Cy-
cloaliphatic radicals comprising one or more halogen at-
oms include 2-trifluoromethylcyclohex-1-yl, 4-bromodi-
fluoromethylcyclooct-1-yl, 2-chlorodifluoromethylcyclo-
hex-1-yl, hexafluoroisopropylidene2,2-bis (cyclohex-4-
yl) (i.e. -CgH4(C(CF3),CgH14-), 2-chloromethylcyclohex-
1-yl; 3- difluoromethylenecyclohex-1-yl; 4- 2-bromoethyl-
cyclopent-1-yl, 2-bromopropylcyclohex-1-yl (CH3;CHBr-
CH,CgH4g-), and the like. Further examples of cyclo-
aliphatic radicals include 4-allylcyclohex-1-yl, 2,2-isopro-
pylidenebis(cyclohex-4-yloxy) (i.e. -CgH4qC(CH3),Cq
H,0-), 3-methylcyclohex-1-yl, methylenebis(cyclohex-4-
yl) (i.e. -CgH4oH2CgH4g-), 1-ethylcyclobut-1-yl, cyclopro-
pylethenyl, hexamethylene-1,6-bis(cyclohex-4-yl) (i.e. -
CgH10(CH5)gCgH1o-); 4-methylcyclohex-1-yl (i.e. 4-CHjy
CgH1o-), 3-trimethylsilylcyclohex-1-yl, 2-t-butyldimethyl-
silylcyclopent-1-yl, 4-vinylcyclohexen-1-yl, vinylidenebis
(cyclohexyl), and the like. The term "a C5 - C4q cyclo-
aliphatic radical" includes cycloaliphatic radicals contain-
ing at least three but no more than 10 carbon atoms. The
cycloaliphatic radical silacyclopentyl (C,Si(R),H;0-)
represents a C, cycloaliphatic radical. The cyclohexyl-
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methylradical (CgH44CH,-) represents a C; cycloaliphat-
ic radical.

[0012] As used herein, the amine substituent is meant
to include a primary, secondary, or a tertiary amine. Sec-
ondary amine substituents have a general formula NHR1,
wherein R1is a C4 - C5, aliphatic radical, or a C4 - C5q
cycloaliphatic radical. Tertiary amine substituents have
a general formula NR'TR2, where R! and R2 are inde-
pendently a C4 - C3q aliphatic radical, or a C5 - C5q cy-
cloaliphatic radical.

[0013] One aspectofthe presentinvention is a surface
modified electrode, which is included in an electronic de-
vice. The electrode comprises an electrode layer and a
functional organic material disposed on the electrode lay-
er. The functional organic material comprises an amine-
substituted polymeric material. The electrode layer is
comprised of conductive materials, which comprise at
leasta metal (such as Al, Ag, Au, etc.), metal oxide (such
as indium tin oxide, tin oxide, indium zinc oxide, etc) con-
ductive organic materials (such as PEDOT:PSS), or any
combinations thereof.)

[0014] The amine-substituted polymeric material may
be a homopolymer, copolymer (random or block copol-
ymer), or any combinations thereof. In an embodiment,
the amine-substituted polymeric material may have at
least one amine group. Further, the amine group may be
present either in the repeat units of the polymeric mate-
rial, and/or the terminal group(s) of the polymeric mate-
rial.

[0015] The amine-substituted polymeric materials
generally include a polymer structure and at least one
amine substituent. The polymer structure may be conju-
gated or non-conjugated, and can be derived from vinyl
monomers (example, poly(alpha-olefin)s, poly(alkeny-
laromatic)s), or monomers other than vinyl monomers,
such as diols, diacids, diamines, and the like. In an em-
bodiment, the amine-substituted polymer structure com-
prises one of poly(alpha-olefin)s, poly(alkenylaromatic)
s, polyphenylenes, polycarbonates, polyimides, polyes-
ters or copolymers and blends thereof.

[0016] In other embodiments, the functional organic
material having at least one amine substituent includes
structural units derived from at least one polymerizable
monomer. Exemplary polymerizable monomers include,
but are not limited to vinyl monomers having carbocyclic
groups that have at least one amine substituent, or het-
erocyclic groups that may or may not contain other or-
ganic groups possessing at least one amine substituent.
Non-limiting examples of suitable vinyl monomers in-
clude vinyl naphthalene, styrene, vinyl anthracene, vinyl
pentacene, (1,4-diethynyl)aromatics such as (1,4-diethy-
nyl)benzene, and vinyl chrysene that are substituted with
amine substituents; and vinyl carbazole, vinyl quinoline,
vinyl bipyridyl, vinyl thiophene, and vinyl pyridine, and so
forth. Combinations of the foregoing polymerizable vinyl
monomers may also be used. Further, the polymerizable
monomer may include one or more crosslinkable groups,
such as, for example, vinyl groups, allyl groups, styryl
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groups, and alkynyl groups, each of which may further
include at least one amine substituent.

[0017] Polystyrene-based amine-substituted function-
al organic materials are generally beneficial because
they are relatively easy to prepare. Thus, the functional
organic materials of this class include repeat units having
a general structure (lll).

N
R'/ ~N

RZ

Structure (I11)

The [B] in structure (lll) is CH, and R" and R2 comprise
independently of each other hydrogen atoms, C; - Cs,
aliphatic radicals, C3 - C5 cycloaliphatic radicals, or any
combination thereof.

[0018] Polystyrene-based functional polymeric mate-
rials, wherein [B] is a methylene group, are desirable be-
cause they generally can be easily prepared. For exam-
ple, poly(4-chloromethyl)styrene that is commercially
available can be reacted with an amine-based nucle-
ophile, such as NHR'R2 or (NR'R2)- M*, wherein R and
R2 are as described previously, and M is a metal. Non-
limiting examples of metal "M" includes alkali metals such
as lithium, sodium, and potassium. Displacement of the
chlorine group in the chloromethyl group results in for-
mation of polymeric materials having structure (ll). Since
a wide variety of amine nucleophiles can be used, a large
class of amine-substituted polymeric compounds suita-
ble as functional organic materials for producing the mod-
ified electrodes and electronic devices can be prepared.
In an embodiment, a suitable amine-substituted polymer-
ic material is at least one of poly[(N,N-dibutylaminome-
thyl)styrene]. poly[(N,N-dimethylaminomethyl)styrene],
poly[(N,N-dipropylaminomethyl)styrene], poly[(N,N-
ethylmethylaminomethyl)styrene], or poly[(N,N-diethyl-
aminomethyl)styrene]. In another embodiment, modified
electrodes comprising the amine-substituted polysty-
renes, in combination with a transparent electrode, such
as those comprising indium tin oxide are particularly use-
ful for producing transparent electronic devices.

[0019] The functional organic material may also in-
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clude structural units derived from at least one organo-
silicon hydride, wherein the organosilicon hydride com-
prises at least one organosilane group having a Si-H
bond. The organosilicon hydrides may further posses at
least one amine substituent. When organosilicon hy-
drides containing more than one Si-H bond are used,
such as organosilicon dihydrides and organosilicon tri-
hydrides, cross-linked amine-substituted polymeric ma-
terials may result. In an embodiment, the amine-substi-
tuted polymeric materials comprising at least one dipolar
moiety include structural units derived from at least one
organosilicon hydride of structures IV, V, or VI.

H;C H
/S
Si
H;C O
Structure IV
( A
H,C H
J Si o—;—
H3C (@) Si
2 o1+—
. y,

Structure V

H (@)
Si
0) (0]
Structure VI

[0020] In a specific embodiment, the amine-substitut-
ed polymeric material has structural units derived from
at least one organosilicon hydride, such as CH3),Si(H)
O-[Si(CH3),0],-Si(CH3),(H), and (CH3)3SiO-[SiCH3(H)
OJ,~[Si(CH3),0]y-Si(CH3)3, wherein "x" and "y" inde-
pendently have values from about 1 to about 30.

[0021] The functional organic materials disclosed
above can be used for producing modified electrodes.
Thus, in an embodiment of the present invention, a coat-
ing composition having at least one functional organic
material comprising an amine-substituted polymeric ma-
terial and at least one solvent is applied as a coating on
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an electrode surface using techniques known in the art.
Polar solvents are generally beneficial because they typ-
ically dissolve the amine-substituted polymeric materials.
Non-limiting examples of polar solvents include aliphatic
alcohols, such as methanol, ethanol, n-propanol, isopro-
panol, n-butanol, isobutanol, n-pentanol, and the like. In
an embodiment, the modified electrode thus obtained
can be used in producing electronic devices, such as for
example, EL devices, photovoltaic (PV) devices, sen-
sors, electrochromic devices, and field effect transistors
and so on.

[0022] One embodiment of a useful electronic device
is illustrate in Figure 1, which shows a first electronic
structure device 10, comprising a functional organic ma-
terial layer 40, which comprises an amine-substituted
polymeric material such that the amine-substituted pol-
ymeric material is on the surface of and is in contact with
a second conductive layer 30, and an electro-active ma-
terial layer 50 disposed between a first conductive layer
20 and the second conductive layer 30. Application of a
voltage 60 between the first and second conductive lay-
ers is required to operate the device.

[0023] Inanother embodiment, the electro-active layer
can also include a combination of an electro-active ma-
terial and the functional organic material comprising an
amine-substituted polymeric material. This embodiment
is illustrated in FIG. 2, which shows a second electronic
device structure 70, comprising a combined (electro-ac-
tive material and functional organic material) layer 80 dis-
posed between a first conductive layer 20 and a second
conductive layer 30, such that the combined layer 80 is
on the surface of and in contact with at least one of the
first and second conductive layers. By having a substan-
tially intimate mixture of the electro-active material and
the functional organic material, the functional organic ma-
terial will be better able to transfer charge (such as elec-
trons from a cathode), thereby potentially increasing the
efficiency of the electro-optic device, as compared with
a device having these two types of materials as separate
layers.

[0024] Various configurations may be implemented by
constructing stacked devices have more than one func-
tional organic material layers, more than one electro-ac-
tive layers, and more than two conductive layers, and so
forth. Insome cases, one or more of the conductive layers
may be transparent. In general, with an appropriate com-
bination of the various layers, the electronic device either
shows enhanced performance or meets specifications
for various applications. Figure 3 shows one such em-
bodiment of a stacked/tandem device 90 (third electronic
device structure), which comprises from bottom to top, a
first conductive layer 20, a second electro-active material
layer 150, a second functional organic material layer 140,
atransparent second conductive layer 130, afirst electro-
active material layer 120, a first functional organic mate-
rial layer 110, and a third conductive layer 100. In Figure
3, the first functional organic material layer 110 is on the
surface of and in contact with the third conductive layer
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100, and the second functional organic material 140 is
on the surface of and in contact with the transparent sec-
ond conductive layer 130. In other embodiments, mate-
rials for the layers 110 and 120 may be chosen such that
the combination of the layers 100 - 130 represents an
OLED or an electrochromic device. Similarly, materials
for the layers 140 and 150 may be suitably selected such
that the combination of the layers 130, 140, 150, and 20
represents an OLED or an electrochromic device. There-
fore these features enable the construction of stacked
devices 90 comprising a combination of an OLED and
an electrochromic device in an embodiment, and a com-
bination of two OLEDs in another embodiment. Such
techniques can facilitate the construction of specialized
devices, such as forexample, a color-tunable illumination
source, which can be formed by a combination of an Elec-
tro-active material layer and an electrochromic device; a
sensor, afield effect transistor, or any combination there-
of.

[0025] Still further examples and varieties of stacked
electronic devices that use the functional organic mate-
rials of the invention and modified electrodes made there-
of may also comprise a charge transport layer, a charge
injection layer, or combinations thereof as additional lay-
ers. Another combination involving a charge transport
layer and a hole transport layer may also be used. FIG.
4 is a schematic representation of a fourth electronic de-
vice structure 160 including from bottom to top, a first
conductive layer 20, a charge injection/transport material
layer 170, an electro-active material layer 50, a functional
organic material layer 40, and a second conductive layer
30. In this device structure, the functional organic mate-
rial layer 40 is on the surface of and in contact with the
second conductive layer 30.

[0026] The functional organic materials comprising the
amine-substituted polymeric materials disclosed herein
generally facilitate charge injection from an electron do-
nor layer into an electro-active (or electroluminescent)
material, thus facilitating the preparation of electronic dis-
play devices, for example. In one embodiment, the func-
tional organic material can be incorporated into an elec-
tronic device to enhance the electron transport from or
to an electrode. For example, an organic electrolumines-
cent ("EL") device can benefit from a functional organic
material of the present invention, such as one of the ma-
terials disclosed above, which material is disposed be-
tween the cathode and the organic electroluminescent
material of the device, such that the material is on the
surface of and in contact with the cathode. The electro-
active organic material emits light when a voltage is ap-
plied across the electrodes. The functional organic ma-
terial can form a distinct interface with the electro-active
organic material, or a continuous transition region having
a composition changing from a substantially pure func-
tional organic material to a substantially pure electro-ac-
tive organic material. In an embodiment, the functional
organic material can be deposited on an underlying ma-
terial, such as an electrode surface, by a method includ-
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ing spin coating, spray coating, dip coating, roller coating,
ink-jet printing, gravure coating techniques, physical va-
por deposition, etc.

[0027] The anode of an organic EL device generally
includes a material having a high work function, e.g.,
greater than about 4.4 electron volts. Indium tin oxide
(ITO) is typically used for this purpose because it is sub-
stantially transparent to light transmission and thus facil-
itates light emitted from electro-active organic layer to
escape through the ITO anode layer without being sig-
nificantly attenuated. The term "substantially transpar-
ent" means allowing at least 50 percent, commonly at
least 80 percent, and more commonly atleast 90 percent,
of light in the visible wavelength range transmitted
through afilm having a thickness of about 0.5 micrometer,
at an incident angle of less than or equal to 10 degrees.
Other materials utilized as the anode layer may include
tin oxide, indium oxide, zinc oxide, indium zinc oxide, zinc
indium tin oxide, antimony oxide, and mixtures thereof.
[0028] In construction, the anode layer may be depos-
ited on the underlying element by physical vapor depo-
sition, chemical vapor deposition, or sputtering, and other
processes. The thickness of an anode having electrically
conducting oxide, such as those listed above, are gen-
erally in the range from about 10 nanometers to about
500 nanometers in an embodiment, from about 10 na-
nometers to about 200 nanometers in another embodi-
ment, and from about 50 nanometers to about 200 na-
nometers in still another embodiment. A thin, substan-
tially transparent layer of a metal, for example, having a
thickness of less than about 50 nanometers, can also be
used as a suitable conducting layer. Generally, metals
utilized for the anode are those having a relatively high
work function, such as greater than about 4.4 electron
volts, for example. Such exemplary metals include silver,
copper, tungsten, nickel, cobalt, iron, selenium, germa-
nium, gold, platinum, aluminum, or mixtures thereof or
alloys thereof. In one embodiment, the anode is disposed
on a substantially transparent substrate, such as one
constructed of glass or a polymeric material.

[0029] In general, the cathode injects negative charge
carriers (electrons) into the electro-active organic layer.
In an embodiment, the cathode materials are metals,
such as K, Li, Na, Cs, Mg, Ca, Sr, Ba, Al, Ag, Au, In, Sn,
Zn, Zr, Sc, Y, elements of the lanthanide series, alloys
thereof, or mixtures thereof. Suitable alloy materials for
the manufacture of cathode layer are Ag-Mg, Al-Li, In-
Mg, and Al-Ca, Al-Au alloys. Layered non-alloy structures
are also feasible, such as a thin layer of a metal such as
calcium, or a non-metal, such as LiF, covered by a thicker
layer of some other metal, such as aluminum or silver.
The cathode may be deposited on the underlying element
by physical vapor deposition, chemical vapor deposition,
or sputtering.

[0030] Further, the electro-active organic layer may
serve as the transport medium for both holes and elec-
trons. In this electro-active organic layer, the excited spe-
cies may combine and drop to a lower energy level, con-
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currently emitting EM radiation in the visible range. Elec-
tro-active organic materials are typically chosen to elec-
troluminesce in the desired wavelength range.

[0031] The thickness of the electroactive layer is gen-
erally maintained in the exemplary range of about 10 na-
nometers to about 300 nanometers. The electro-active
material may be an organic material, such as a polymer,
a copolymer, a mixture of polymers, or lower molecular-
weight organic molecules having unsaturated bonds, and
so on. Such materials generally possess a delocalized
n-electron system, which typically enables the polymer
chains or organic molecules to support positive and neg-
ative charge carriers with relatively high mobility. Com-
mon electro-active polymers are: poly(n-vinylcarbazole)
("PVK", emitting violet-to-blue light in the wavelengths of
about 380-500 nanometers) and its derivatives; polyflu-
orene and its derivatives such as poly(alkylfluorene), for
example poly(9,9-dihexylfluorene) (410-550 nanome-
ters), poly(dioctylfluorene) (wavelength at peak EL emis-
sion of 436 nanometers) or poly{9,9-bis(3,6-dioxahep-
tyl)-fluorene-2,7-diyl} (400-550 nanometers); poly(para-
phenylene) ("PPP") and its derivatives such as poly(2-
decyloxy-1,4-phenylene) (400-550 nanometers) or poly
(2,5-diheptyl-1,4-phenylene);  poly(p-phenylene  vi-
nylene) ("PPV") and its derivatives such as dialkoxy-sub-
stituted PPV and cyano-substituted PPV; polythiophene
and its derivatives such as poly(3-alkylthiophene), poly
(4,4'-dialkyl-2,2’-bithiophene), poly(2,5-thienylene vi-
nylene); poly(pyridine vinylene) and its derivatives; poly-
quinoxaline and its derivatives; and polyquinoline and its
derivatives. Mixtures of these polymers or copolymers
may be based on one or more of these polymers and
others that may be used to tune the color of emitted light,
for example.

[0032] Another class of exemplary electro-active ma-
terials is polysilanes. Polysilanes are linear silicon-back-
bone polymers substituted with a variety of alkyl and/or
aryl side groups. They are quasi one-dimensional mate-
rials with delocalized sigma - conjugated electrons along
polymer backbone chains. Examples of polysilanes are
poly(di-n-butylsilane), poly(di-n-pentylsilane), poly(di-n-
hexylsilane), poly(methylphenylsilane), and poly{bis(p-
butylphenyl)silane}, and the like. These polysilanes gen-
erally emit light having wavelengths in the range from
about 320 nanometers to about 420 nanometers.
[0033] Organic materials having molecular weight less
than, for example, about 5000 that are made of a large
number of aromatic units are also applicable as Electro-
active materials. An example of such materials is 1,3,5-
tris{n-(4-diphenylaminophenyl) phenylamino}benzene,
which emits light in the wavelength range of 380-500 na-
nometers. The electro-active organic layer also may be
prepared from lower molecular weight organic mole-
cules, such as phenylanthracene, tetraarylethene, cou-
marin, rubrene, tetraphenylbutadiene, anthracene,
perylene, coronene, or their derivatives. These materials
generally emitlighthaving maximum wavelength of about
520 nanometers. Still other advantageous materials are
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the low molecular-weight metal organic complexes such
as aluminum-, gallum-, and indium-acetylacetonate,
which emit light in the wavelength range of 415-457 na-
nometers, aluminum-(picolymethylketone)-bis{2,6-di(t-
butyl)phenoxide} or scandium-(4-methoxy-picolylmeth-
ylketone)-bis(acetylacetonate), which emits in the range
of 420-433 nanometers. For white light application, ben-
eficial electro-active organic materials are those that emit
light in the blue-green wavelengths, for example.
[0034] Other electro-active organic materials that emit
in the visible wavelength range and that may be em-
ployed with the present technique are organometallic
complexes of 8-hydroxyquinoline, such as tris(8-quino-
linolato)aluminum and other materials disclosed in U.
Mitschke and P. Bauerle, "The Electroluminescence of
Organic Materials," J. Mater. Chem., Vol. 10, pp.
1471-1507 (2000), which is incorporated herein by ref-
erence. Additional exemplary organic materials that may
be employed in the EL layer of the present invention in-
clude those disclosed by Akcelrud in "Electroluminescent
Polymers", Progress in Polymer Science, Vol 28 (2003),
pp- 875 - 962, which is also incorporated herein by ref-
erence. These materials may include polymeric materials
whose structures comprise various combinations of
structures or structural units that are known in the art to
be, or expected to be, electro-active, together with struc-
tures that are either known or are potentially expected to
perform other functions that enhance device perform-
ance, such as hole transport, electron transport, charge
transport, and charge confinement, and so forth.

[0035] It should be noted that more than one electro-
active organic layer may be formed successively, one on
top of another. Each layer may have a different electro-
active organic material that emits in a different wave-
length range.

[0036] Furthermore, one or more additional layers may
be included in the light-emitting device to further increase
the efficiency of the exemplary EL device. For example,
an additional layer can serve to improve the injection
and/or transport of positive charges (holes) into the EL
layer. The thickness of each of these layers is typically
kept below 500 nanometers, commonly below 100 na-
nometers. Exemplary materials for these additional lay-
ers are low-to-intermediate molecular weight (for exam-
ple, less than about 2000) organic molecules, poly(3,4-
ethylenedioxythipohene) doped with polystyrenesulfonic
acid ("PEDOT:PSS"), and polyaniline, to name a few.
They may be applied during the manufacture of the de-
vice by conventional methods such as spray coating, dip
coating, or physical or chemical vapor deposition, and
other processes. In one embodiment of the present in-
vention, a hole injection enhancement layer is introduced
between the anode layer and the EL layer to provide a
higher injected current at a given forward bias and/or a
higher maximum current before the failure of the device.
Thus, the hole injection enhancement layer facilitates the
injection of holes from the anode. Exemplary materials
for the hole injection enhancement layer are arylene-
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based compounds, such as those disclosed in U.S. Pat-
ent5,998,803, which isincorporated herein by reference.
Particular examples include 3,4,9,10-perylenetetra-car-
boxylic dianhydride and bis(1,2,5-thiadiazolo)-p-quino-
bis(1,3-dithiole).

[0037] The exemplary EL device may further include
aholetransportlayer disposed between the hole injection
enhancement layer and the EL layer. The hole transport
layer transports holes and blocks the transportation of
electrons so that holes and electrons are substantially
optimally combined in the EL layer. Exemplary materials
for the hole transport layer may include triaryldiamine,
tetraphenyldiamine, aromatic tertiary amines, hydrazone
derivatives, carbazole derivatives, triazole derivatives,
imidazole derivatives, oxadiazole derivatives having an
amino group, and polythiophenes, to name a few.
[0038] Inotherembodiments, the exemplary EL device
may further include an "electron injecting and transport-
ing enhancement layer" as an additional layer, which can
be disposed between the electron-donating material and
the EL layer. Typical materials utilized for the electron
injecting and transporting enhancement layer may in-
clude metal organic complexes, such as tris(8-quino-
linolato)aluminum, oxadiazole derivatives, perylene de-
rivatives, pyridine derivatives, pyrimidine derivatives,
quinoline derivatives, quinoxaline derivatives, diphenyl-
quinone derivatives, and nitro-substituted fluorene deriv-
atives, and so on.

[0039] In an embodiment, the electro-active material
may also be co-mingled with a polymeric material that
can serve as a matrix polymer. Generally, any of the
known polymeric materials may be used.

[0040] The electro-active material may further include
at least one of a fluorescent dye or a phosphorescent
dye. The light-emitting device can further comprise one
or more photoluminescent ("PL") layers, having at least
a fluorescent layer and/or a phosphorescent layer, such
as, for example those disclosed in U.S. Patent 6,
847,162.

[0041] The surface modified electrode produced as de-
scribed earlier in this disclosure are valuable for forming
electronic devices, such as an organic photovoltaic de-
vice, a photodetector, a display device, and an organic
light emitting device. Display devices are exemplified by
devices used for producing signage. Thus in an embod-
iment, the surface modified electrodes are useful for mak-
ing devices comprising a display unit, wherein the display
unit comprises a plurality of electronic devices. These
electronic devices generally include afirst conductive lay-
er, a second conductive layer, and an electro-active ma-
terial layer disposed between these first and second con-
ductive layers. Typically, at least one of the first and sec-
ond conductive layers is modified by the functional or-
ganic material ofthe invention. In an embodiment, atleast
one of the first or second conductive layers may be trans-
parent. By a transparent electrode is meant an electrode
having a percent light transmission of greater than or
equal to about 90 percent in an embodiment, and greater
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than or equal to 95 percent in another embodiment. An-
other type of electronic devices that can benefit from an
efficient transport of electrons across an interface be-
tween an electrode and an adjacent EL - active material,
are photovoltaic ("PV") cells.

[0042] Still another embodiment of the present inven-
tion encompasses a method for operating an electronic
device. The method includes applying an electrical field
or lightenergy to the electronic device to convertbetween
electrical energy and light energy. In this exemplary
method, the electronic device has afirst conductive layer,
a second conductive layer, and an electro-active material
layer disposed between the first and second conductive
layers. At least one of the first and second conductive
layers is modified by the functional organic material of
the invention so as to be on the surface of and in contact
with at least one of the first and the second conductive
layers.

EXAMPLES

[0043] The following examples are set forth to provide
those of ordinary skill in the art with a detailed description
of how the methods claimed herein are evaluated, and
are not intended to limit the scope of what the inventors
regard as their invention.

[0044] Example 1. Preparation of poly[(N,N-ethyl-
methylaminomethyl)styrene (PEMAMS). A solution of an
isomeric mixture of poly(3-chloromethyl)styrene and poly
(4-chloromethylstyrene) (2 grams, 13.2 millimoles) and
N-methylethylamine (11.8 grams, 200 millimoles) in 25
milliliters of toluene was stirred at room temperature for
5 days. The reaction mixture, which was a slurry contain-
ing precipitated solids was transferred to a separatory
funnel and diluted with toluene. The organic phase was
washed twice with 1 weight percent aqueous NaOH so-
lution, twice with water, and the solvent was removed
under vacuum. The tacky, white solid residue was dis-
solved in methanol and precipitated into water in a blend-
er. The collected solid was air-dried, and then dried in a
vacuum oven at 50 °C to afford the final product, which
had a glass transition temperature of about ambient tem-
perature.

[0045] Examples 2 and 3. The procedure described
above was repeated using di(n-butyl)amine and diethyl-
amine to furnish the corresponding poly(N,N-dibutylami-
nomethyl)polystyrene (PDBAMS), and poly(N,N-diethyl-
aminomethyl)polystyrene (PDEAMS), respectively. UV-
visible spectral measurements of thin films of those ma-
terials indicated that they were essentially transparent
and had no absorption in the visible range (300 - 800
nanometers). These materials had glass transition tem-
peratures above ambient temperatures.

[0046] The following electroluminescent devices were
prepared using the green light - emitting polymer, po-
ly[(9,9-di-n-hexylfluorenyl-2,7’-diyl)-co-(1,4-benzo
[2,1,3]thiodiazole] (hereinafter abbreviated as LEP),
which was purchased from H.W. Sands Corp., Jupiter,
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Florida: Device 1 - ITO/PEDOT/LEP/A1 (designated as
Comparative Example 1); Device 2 - ITO/PE-
DOT/LEP/Ca-A1 (designated as Comparative Example
2); and Device 3 - ITO/PEDOT/LEP/PEMAMS-AI (des-
ignated as Example 3).

[0047] Example 4. General procedure for the prepara-
tion of Electronic Devices. Glass precoated with ITO, pre-
treated with UV-ozone was used as the substrate. An
approximately 60 nanometer thick layer of PEDOT (poly
(3,4-ethylenedioxythiophene)) was deposited on the ITO
layer by spin-coating techniques, followed by baking at
180 °C in air for an hour. Then a 30 - 65 nanometer thick
layer of LEP was deposited by spin-coating from a xylene
solution of LEP. Where needed, the PEMAMS layer was
deposited as a layer on the LEP layer by spin coating
techniques using an n-butanol solution of the PEMAMS,
followed by deposit of the cathode layer. The appropriate
cathode layer (A1 for Comparative Example 1, a 35 nm
Calayer deposit followed by Al for Comparative Example
2, and Al for Example 3) was then deposited using ther-
mal evaporation ata base vacuum of 2 X 10-6torr. Finally,
another glass slide was used to seal the device using
optical adhesive. The efficiency of each of devices 1 - 3
was measured by applying a voltage between the cath-
ode and the anode. A plot of current density (measured
in milliamperes per square centimeter, mA/cm?2) versus
efficiency (measured in candela per ampere, cd/A) was
obtained for each device. The results are shown graph-
ically in Figure 5.

[0048] Examination of plots 180, 190,and 200 in Figure
5 shows that the efficiency of the electronic device 3 of
Example 3 is considerably greater than that of device 2,
which used a Ca-Al electrode, and far greater than that
of device 1, which used a bare Al electrode. This shows
that electron injection from the poly(N,N-methylethylami-
nomethyl)styrene - modified Al electrode, wherein the
amine-substituted polymeric material is on the surface
of and in contact with the Al electrode, is better than from
a bare Al electrode.

Claims
1. Anorganic light emitting device (OLED) comprising:

a cathode layer;

a functional organic material; and

an electroluminescent material layer;

wherein the functional organic material is dis-
posed between the cathode layer and the elec-
troluminescent material layer; and

wherein the functional organic material compris-
es an amine-substituted polymeric material, and
is on the surface of and in contact with the cath-
ode layer; and wherein the amine-substituted
polymeric material comprises a repeat unit hav-
ing a structure (IV):
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Structure (IV)

wherein [B] is CH,, and R' and R2 comprise in-
dependently of each other a hydrogen atom, a
C4-C5p aliphaticradical, a C5 - C5 cycloaliphatic
radical, or any combination thereof.

2. TheOLED ofclaim 1, wherein the cathode layer com-
prises at least one metal or alloys thereof.

3. The OLED ofclaim 1, wherein the amine-substituted
polymeric material comprises dialkylamino groups,
monoalkylamino groups, NH, groups, or any combi-
nation thereof.

4. The OLED of claim 1, wherein the amine-substituted
polymeric material comprises at least one of poly[(N,
N-dibutylaminomethyl)styrene], poly[(N,N-dimethyl-
aminomethyl)styrene], poly[(N,N-dipropylaminome-
thyl)styrene],  poly[(N,N-ethylmethylaminomethyl)
styrene], or poly[(N,N-diethylaminomethyl)styrene].

5. A method for fabricating an OLED, the method com-
prising:

disposing a layer of a functional organic material
on the surface of and in contact with a cathode
layer to form a surface modified cathode; and
disposing an organic electroluminescent mate-
rial layer between the surface modified cathode
and a second conductive layer;

wherein the functional organic material compris-
es an amine-substituted polymeric material as
defined in claim 1.

6. The method of claim 5, wherein said disposing com-
prises spin casting, drop casting, ink-jet printing, or
gravure coating techniques, physical vapor deposi-
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tion, or any combination thereof.

Patentanspriiche

1.

Licht emittierende organische Vorrichtung (OLED),
umfassend:

eine Kathodenschicht;

ein funktionales organisches Material und

eine Schicht aus elektrolumineszentem Materi-
al;

worin das funktionale organische Material zwi-
schen der Kathodenschicht und der Schicht aus
elektrolumineszentem Material angeordnet ist
und

worin das funktionale organische Material ein
Amin-substituiertes polymeres Material umfasst
und sich auf der Oberflaiche der Kathoden-
schicht und in Kontakt damit befindet, und worin
das Amin-substituierte polymere Material eine
wiederkehrende Einheit einer Struktur (V) um-
fasst:

[B]
|

N
rRI-T DSR2

Struktur (IV)

worin [B] CH, ist und R' und R2 unabhéngig
voneinander ein Wasserstoffatom, einen alipha-
tischen C4-C3p-Rest, einen cycloaliphatischen
C;-C5p-Rest oder eine Kombination davon um-
fassen.

OLED nach Anspruch 1, worin die Kathodenschicht
mindestens ein Metall oder Legierungen davon um-
fasst.

OLED nach Anspruch 1, worin das Amin-substitu-
ierte polymere Material Dialkylaminogruppen, Mo-
noalkylaminogruppen, NH,-Gruppen oder irgendei-
ne Kombination davon umfasst.

OLED nach Anspruch 1, worin das Amin-substitu-
ierte polymere Material mindestens eines von Po-
ly[(N,N-dibutylamino-methyl)styrol],  Poly[(N,N-di-
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methylaminomethyl)styrol], Poly[(N,N-dipropylami-
nomethyl)styrol], Poly[(N,N-ethylmethyl-aminome-
thyl)styrol] oder Poly[(N,N-diethylaminomethyl)sty-
rol] umfasst.

Verfahren zum Herstellen einer OLED, wobei das
Verfahren umfasst:

Anordnen einer Schicht aus einem funktionalen
organischen Material auf der Oberflache einer
Kathodenschicht und in Kontakt damit, um eine
oberflachenmodifizierte Kathode zu bilden, und
Anordnen einer Schicht aus organischem elek-
trolumineszentem Material zwischen der Ober-
flache der modifizierten Kathode und einer zwei-
ten leitenden Schicht;

worin das funktionale organische Material ein
Amin-substituiertes polymeres Material um-
fasst, wie es in Anspruch 1 definiert ist.

Verfahren nach Anspruch 5, worin das Aufbringen
SchleudergieBen, TropfgieRen, Tintenstrahldruk-
ken oder Tiefdruck-Uberzugstechniken, physikali-
sche Dampfabscheidung oder irgendeine Kombina-
tion davon umfasst.

Revendications

Dispositif électroluminescent organique (DELO),
comprenant :

une couche cathodique,

un matériau organique fonctionnel et

une couche de matériau électroluminescent,
dans lequel le matériau organique fonctionnel
estdisposé entrelacouche cathodique etla cou-
che de matériau électroluminescent et

dans lequel le matériau organique fonctionnel
comprend un matériau polymere amino-substi-
tué et est situé ala surface de et en contact avec
la couche cathodique et

dans lequel le matériau polymére amino-subs-
titué comprend une unité de répétition, ayant
une structure (IV) :
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[B]

|
N
R \R2

Structure (IV) ;

danslequel [B] est CH, etR'et R2comprennent,
indépendamment I'un de l'autre, un atome d’hy-
drogéne, un radical aliphatique C4-C5, un radi-
cal cycloaliphatique C5 - C5, ou toute combinai-
son de ceux-ci.

DELO selon la revendication 1, dans lequel la cou-
che cathodique comprend au moins un métal ou des
alliages de celui-ci.

DELO selon la revendication 1, dans lequel le ma-
tériau polymére amino-substitué comprend des
groupes dialkyl-amino, des groupes monoalkyl-ami-
no, des groupes de NH, ou toute combinaison de
Ceux-ci.

DELO selon la revendication 1, dans lequel le ma-
tériau polymere amino-substitué comprend au
moins élément parmi le poly[(N,N-dibutylaminomé-
thyle)styrene], du poly[(N,N-diméthylaminométhyle)
styréne], du poly[(N,N-dipropylaminométhyle)styre-
ne], du poly[(N,N-éthylméthylaminométhyle)styre-
ne] ou du poly[(N,Ndiéthylaminométhyle)styréne].

Procédé, destiné a fabriquer un DELO, le procédé
comprenant les opérations, consistant a :

disposer une couche d’un matériau organique
fonctionnel a la surface de et en contact avec
une couche cathodique, pour former une catho-
de, modifiée en surface et

disposer une couche de matériau électrolumi-
nescent organique entre la cathode, modifiée
en surface et une seconde couche conductrice,
dans laquelle le matériau organique fonctionnel
comprend un matériau polymere amino-substi-
tué selon la revendication 1.
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6.

Procédé selon la revendication 5, dans lequel ladite
opération de disposition comprend une coulée par
centrifugation, une coulée en pluie, une impression
a jet d’encre ou des techniques de couchage par
gravure, un dépbt physique en phase vapeur ou tou-
te combinaison de ceux-ci.



EP 1 875 528 B1

10

SECOND CONDUCTIVE LAYER 30

60—_|

FUNCTIONAL ORGANIC MATERIAL LAYER 40

ELECTRO-ACTIVE ORGANIC MATERIAL LAYER 50
FIRST CONDUCTIVE LAYER 20

FIG.1

/70

SECOND CONDUCTIVE LAYER 30

(ELECTRO-ACTIVE ORGANIC MATERIAL +

60~ { v FUNCTIONAL ORGANIC MATERIAL)
- LAYER 80

FIRST CONDUCTIVE LAYER 20

FIG.2

/90

THIRD CONDUCTIVE LAYER 100
FIRST FUNCTIONAL ORGANIC MATERIAL LAYER 110
FIRST ELECTRO-ACTIVE ORGANIC MATERIAL LAYER 120

60—_|

TRANSPARENT SECOND CONDUCTIVE LAYER 130

SECOND FUNCTIONAL ORGANIC MATERIAL LAYER 140
SECOND ELECTRO-ACTIVE ORGANIC MATERIAL LAYER 150
FIRST CONDUCTIVE LAYER 20

FIG.3

12



EP 1 875 528 B1

SECOND CONDUCTIVE LAYER 30

60~y

FUNCTIONAL ORGANIC MATERIAL LAYER 40

CURRENT(A)

ELECTRO-ACTIVE ORGANIC MATERIAL LAYER 50

CHARGE INJECTION/TRANSPORT MATERIAL LAYER 170

FIRST CONDUCTIVE LAYER 20

FIG.4

2.50E-06+
N
2.00E—065 \

1

1.50E-06- W

1.00E-06-

5.005-07{

O.OOE+OOE T (OO SEE e
-1 -0. 0 05 1 5 2

FIG.5

13

160
¥



EP 1 875 528 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
e US 20040199016 B [0002] * US 6847162 B [0040]

* US 5998803 A [0036]

Non-patent literature cited in the description

e U. MITSCHKE ; P. BAUERLE. The Electrolumines- e AKCELRUD. Electroluminescent Polymers.
cence of Organic Materials. J. Mater. Chem., 2000, Progress in Polymer Science, 2003, vol. 28, 875-962
vol. 10, 1471-1507 [0034] [0034]

14



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCHRF

L 5ER
HAh A TF 30k
HAEREEEE

E)

EERUERMHBNRE=RE , RN
EP1875528B1 K (nE)R
EP2006749550 g H
BA®RSANEHE

BRESAHE

BABSANEHE

LIU JIE
HELLER CHRISTIAN MARIA ANTON
CELLA JAMES ANTHONY

LIU, JIE
HELLER, CHRISTIAN, MARIA, ANTON
CELLA, JAMES, ANTHONY

HO1L51/00

patsnap

2012-11-14

2006-04-10

HO1L51/004 HO1L51/0059 HO1L51/5092 Y02E10/549 Y10T428/31504 Y10T428/31507 Y10T428
/31678 Y10T428/31692 Y10T428/31721 Y10T428/31786 Y10T428/31855

11/107501 2005-04-15 US
EP1875528A1

Espacenet

BREERFRETHRESHBRIEBRENNEENM . e
BNMHSERRANRENME AL TERENRE LHSBRE
i, XMPREGHEMTATHERFHRS , ETBEa2BIRRE

E-17il

)R

~d
T — \RZ

Structure (IX1)


https://share-analytics.zhihuiya.com/view/d2693400-233d-40f2-8e8a-25f14ed8b093
https://worldwide.espacenet.com/patent/search/family/036764693/publication/EP1875528B1?q=EP1875528B1

