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1
OPTO-ELECTRONIC COMPONENT

RELATED APPLICATIONS

This is a U.S. national stage of application No. PCT/
DE2008/001302 filed Aug. 4, 2008.

This patent application claims the priority of German
patent application 102007044597.2, filed Sep. 19, 2007,
which is hereby expressly incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an optoelectronic device
which can emit electromagnetic radiation during operation
and has a desired color impression in the switched-off state.

SUMMARY OF THE INVENTION

One object of specific embodiments of the present inven-
tion s to provide an optoelectronic device comprising a wave-
length conversion layer, which device can reduce or avoid an
undesired color impression in a switched-off state.

An optoelectronic device in accordance with one embodi-
ment of the invention comprises, in particular, an organic
layer sequence, which emits an electromagnetic radiation
having a first spectrum during operation, and also a structured
layer, which is disposed downstream of the organic layer
sequence in the beam path of the electromagnetic radiation
emitted by the organic layer sequence and has first and second
regions. In this case, the first regions each have a wavelength
conversion layer designed to convert at least partially electro-
magnetic radiation having the first wavelength spectrum into
an electromagnetic radiation having a second wavelength
spectrum. Furthermore, the second regions each have a filter
layer, which is at least partially opaque to an electromagnetic
radiation having a third wavelength spectrum, which corre-
sponds to atleast one part of the second wavelength spectrum.

In particular, an emitted electromagnetic radiation can in
this case be perceived by an observer during the operation of
the optoelectronic device. Said radiation can substantially
correspond to a superimposition of the electromagnetic radia-
tion having the first wavelength spectrum, which is emitted by
the second regions, and the electromagnetic radiation having
the second wavelength spectrum, which is emitted by the
wavelength conversion layer of the first regions.

In this case, during the operation of the optoelectronic
device, the electromagnetic radiation having the first wave-
length spectrum is emitted by the organic layer sequence and
impinges on the first and second regions of the structured
layer. In the first regions, the electromagnetic radiation hav-
ing the first wavelength spectrum is converted at least par-
tially, but in different embodiments completely, into electro-
magnetic radiation having the second wavelength spectrum.
Although the respective filter layers in the second regions are
opaque to electromagnetic radiation having the third wave-
length spectrum, which corresponds to at least one part of the
second wavelength spectrum, said filter layers are preferably
transmissive to electromagnetic radiation having the first
wavelength spectrum. A superimposition of the first and sec-
ond wavelength spectra therefore occurs in the overall
impression of the electromagnetic radiation emitted by the
optoelectronic device.

In at least one embodiment, the structured layer is physi-
cally and/or chemically fixed to the organic layer sequence.
This means, in particular, that the structured layer is applied
to the organic layer sequence for example by means of an
adhesive, preferably by means of a transparent adhesive, or a
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gel which is matched with regard to its refractive index, or has
chemical, for example covalent, bonds to the organic layer
sequence.

In different embodiments of the invention, the structure of
the structured layer can comprise striped, crossed-striped,
that is to say lattice-like, circular, triangular or rectangular,
that is to say chequered, regions or regions of any desired
geometry as combination of the abovementioned geometrical
forms. Furthermore, the structure of the structured layer can
comprise irregular patterns of regions, in particular patterns
in which first and second regions have variable dimensions
and forms. To put it another way, a pattern of the structured
layer is formed by a respective specific arrangement of the
first and second regions. The regions of the structured layer
are preferably arranged laterally or alongside one another in
the beam path of the optoelectronic device. That is to say that
the regions are not arranged in a manner stacked one above
another in the beam path, but rather adjacent to one another,
by way of example.

The dimensions of the regions, for example the resolution
of the regions of the structured layer, can be of the order of
magnitude of less than 1 mm, preferably of the order of
magnitude of 100 um to a few 100 pm, and more preferably of
the order of magnitude of less than 100 pm. Particularly for
lighting applications in which the optoelectronic device is not
used in combination with optical image techniques or appa-
ratuses, it can be sufficient to make only moderate require-
ments of the dimensions of the regions of the structured layer.

In a further embodiment of the invention, ‘“wavelength
spectrum” or “spectrum” or “partial spectrum” denotes a
spectral distribution of electromagnetic radiation having at
least one spectral component having one wavelength or a
plurality of spectral components having a plurality of wave-
lengths and/or ranges of wavelengths. A first spectrum and a
second spectrum are hereinafter identical if the spectral com-
ponents and the relative intensities thereof are identical in the
case of the first and second spectra, where the absolute inten-
sity of the first spectrum can deviate from the absolute inten-
sity of the second spectrum.

In one embodiment of the invention, “partially” denotes a
partial spectrum of a spectrum, for example of the first spec-
trum. In particular, the partial spectrum of a spectrum can
consist of a part of the spectral components of this spectrum.
Furthermore, “partially” can also denote a part of an intensity
of a spectrum or partial spectrum.

In a further embodiment of the invention, “convert” can
mean that the partial spectrum of the electromagnetic radia-
tion having the first spectrum, which is converted at least
partially into electromagnetic radiation having the second
spectrum by the wavelength conversion layer, and the second
spectrum are not identical. This can mean, in particular, that
the second spectrum has a spectral distribution that is differ-
ent than the spectral distribution of the partial spectrum of the
electromagnetic radiation having the first spectrum.

Furthermore, a wavelength conversion layer can have an
absorption spectrum and an emission spectrum, where the
absorption spectrum and the emission spectrum are advanta-
geously not identical. Preferably, the absorption spectrum in
this case comprises the partial spectrum of the electromag-
netic radiation having the first spectrum and the emission
spectrum comprises the second spectrum. In particular, the
absorption spectrum and the emission spectrum can each
comprise further spectral components that are not contained
in the partial spectrum of the electromagnetic radiation hav-
ing the first spectrum and the second spectrum, respectively.

If electromagnetic radiation having a specific wavelength
is incident on the wavelength conversion layer from outside

SDC EX. 1001 - 8/16



US 8,314,547 B2

3

or from the active region of the semiconductor layer sequence
and if the absorption spectrum has a spectral component
having this specific wavelength that can be absorbed by the
wavelength conversion layer, then the electromagnetic radia-
tion having this specific wavelength is emitted again, that is to
say re-emitted, into electromagnetic radiation having one or
more other wavelengths which are different than said specific
wavelength and which are contained in the emission spec-
trum. In other words, in the wavelength conversion layer, an
electromagnetic radiation having the second wavelength
spectrum is generated from electromagnetic radiation having
the first wavelength spectrum. As a result, in particular also in
the case of radiation incident on the optoelectronic device
from outside, it can be possible that the wavelength conver-
sion layer, in the case of a switched-off state of the optoelec-
tronic device, in accordance with its absorption spectrum and
its emission spectrum, as a result of radiation which is inci-
dent on the optoelectronic device from outside and which can
be reflected or emitted by an absorption and re-emission
process described, can give an observer a color impression
which can be intrinsically undesired. Said color impression
can be undesired for example by virtue of the fact that it can
be different than the color impression of the electromagnetic
radiation emitted during the operation of the optoelectronic
device.

The filter layer can be particularly advantageous in so far as
the filter layer is opaque to a part of the radiation incident on
the optoelectronic device from outside, wherein said part
substantially corresponds to a wavelength range of the second
wavelength spectrum. The remaining part of the incident
electromagnetic radiation, which can pass through the filter
layer, is for example reflected by the filter layer or by the
organic layer sequence or an electrode in the organic layer
sequence and is emitted back through the filter layer and/or
the wavelength conversion layer toward the outside. Prefer-
ably, that part of the electromagnetic radiation to which the
filter layer is transmissive corresponds to electromagnetic
radiation having a wavelength range of the first wavelength
spectrum. Consequently, even in the switched-off state, a
superimposition of electromagnetic radiation having a wave-
length range of the first wavelength spectrum and an electro-
magnetic radiation having the wavelength range ofthe second
wavelength spectrum occurs, with the result that a desired,
preferably non-yellowish, color impression is established.

In different embodiments of the invention, the filter layer is
designed to convert the electromagnetic radiation having the
third wavelength spectrum into an electromagnetic radiation
from a non-visible wavelength range. By way of example, in
the filter layer, electromagnetic radiation from a yellow wave-
length range is converted into electromagnetic radiation from
an infrared wavelength range. Preferably, the filter layer is in
this case transparent to electromagnetic radiation having the
first wavelength spectrum.

To put it another way, the filter layer is designed to convert
electromagnetic radiation having the third wavelength spec-
trum into heat or thermal radiation, while electromagnetic
radiation having the first wavelength spectrum can pass
through the filter layer preferably in as unimpeded a manner
as possible. This means, in particular, that the electromag-
netic radiation emitted by the organic layer sequence during
operation remains substantially unaffected by the filter layer.

The filter layer is therefore designed for example to absorb
the electromagnetic radiation having the third wavelength
spectrum. For this purpose, in different exemplary embodi-
ments, the filter layer can have a molecular filter. In different
exemplary embodiments, the filter layer can therefore also be
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understood as an absorption layer for electromagnetic radia-
tion having the third wavelength spectrum.

Inparticular, such an embodiment can be advantageous for
applications in which light-emitting devices comprising
organic light-emitting diodes (OLEDs) are used, for instance
as flashlight in mobile telephone applications with a camera.
By way of example, such light-emitting devices can have blue
OLEDs and a phosphor conversion substance. It can be the
case here that the phosphor conversion substance is visible
externally through a transparent cover or a lens when such a
light-emitting device is not in operation, which can lead to a
color impression that is undesired for esthetic reasons, for
example. Although such an undesired color impression can be
reduced by Fresnel optics or microlens arrays, a disturbing
color impression can nevertheless still be maintained.

As an alternative or in addition, the first spectrum can for
example also have a green wavelength range, and the second
spectrum a red wavelength range, with the result that the
optoelectronic device can likewise enable a white luminous
impression for an observer during operation. In particular, the
first spectrum, the second spectrum, and that part of the radia-
tion—incident on the optoelectronic device from outside and
reflected—which is not filtered out by the filter layer can also
be chosen in accordance with some other desired color
impression in each case during operation and in the switched-
off state of the optoelectronic device.

In accordance with at least one embodiment, the wave-
length conversion layer comprises at least one of the follow-
ing dyes: an organic dye, an inorganic dye, perylene, cou-
marin and/or a fluorescent dye.

Furthermore, the organic layer sequence can be embodied
in particular as an organic light-emitting diode (OLED). In
this case, an OLED can have an organic layer or a layer
sequence comprising at least one organic layer, having an
active region that can emit electromagnetic radiation during
operation. Furthermore, an OLED can have a first electrode
and a second electrode, wherein the organic layer or the layer
sequence comprising at least one organic layer having the
active region can be arranged between the first and second
electrodes. In this case, the first and the second electrode can
be suitable for injecting “holes” and electrons, respectively,
into the active region, which can recombine there with the
emission of electromagnetic radiation.

Furthermore, the first electrode can be arranged on a sub-
strate. The organic layer or the layer sequence comprising one
or more functional layers composed of organic materials can
be applied over the first electrode. The functional layers,
which can comprise the active region, can in this case have
electron transport layers, electroluminescent layers, and/or
hole transport layers, for example. The second electrode can
be applied over the functional layers or over the at least one
organic layer.

By way of example, the substrate can comprise glass,
quartz, plastic films, metal, metal films, silicon wafers or any
other suitable substrate material. By way of example, the
substrate can also be embodied as a layer sequence or lami-
nate comprising a plurality of layers. If the semiconductor
layer sequence is embodied as a so-called “bottom emitter”,
that is to say that the electromagnetic radiation generated in
the active region can be emitted through the substrate, then
the substrate can advantageously have a transparency to at
least one part of the electromagnetic radiation. The wave-
length conversion layer and the filter layer can in this case be
arranged on a side of the substrate which is remote from the
semiconductor layer sequence.
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In accordance with at least one embodiment, at least one of
the electrodes comprises or consists of a transparent conduc-
tive oxide, a metal or a conductive organic material.

In the bottom emitter configuration, the first electrode can
advantageously be transparent to at least one part of the
electromagnetic radiation. A transparent first electrode,
which can be embodied as an anode and can thus serve as
material that injects positive charges or “holes”, can for
example comprise a transparent conductive oxide or consist
of a transparent conductive oxide. Transparent conductive
oxides (“TCO” for short) are transparent conductive materi-
als, generally metal oxides, such as, for example, zinc oxide,
tin oxide, cadmium oxide, titanium oxide, indium oxide or
indium tin oxide (ITO). Alongside binary metal-oxygen com-
pounds, such as, for example, ZnO, SnO2 or In203, ternary
metal-oxygen compounds, such as, for example, Zn2SnO4,
CdSnO3, ZnSnO3, Mgln204, GalnO3, Zn2In205 or
In4Sn3012, or mixtures of different transparent conductive
oxides also belong to the group of TCOs. Furthermore, the
TCOs need not necessarily correspond to a stoichiometric
composition and can also be p- or n-doped. As an alternative
orin addition, the first electrode can also comprise a metal, for
example silver.

The semiconductor layer sequence comprising at least one
organic layer can comprise polymers, oligomers, monomers,
organic small molecules or other organic non-polymeric
compounds or combinations thereof. In particular, it can be
advantageous if a functional layer of the layer sequence is
embodied as a hole transport layer in order to enable effective
injection of holes into an electroluminescent layer or an elec-
troluminescent region. Such structures concerning the active
region or the further functional layers and regions are known
to the person skilled in the art in particular with regard to
materials, construction, function and structure, and therefore
will not be explained in any greater detail at this juncture.

The second electrode can be embodied as a cathode and can
thus serve as electron-inducting material. Inter alia, in par-
ticular aluminum, barium, indium, silver, gold, magnesium,
calcium or lithium and compounds, combinations and alloys
thereof can prove to be advantageous as cathode material. In
addition or as an alternative, the second electrode can also be
embodied in transparent fashion. This means, in particular,
that the OLED can also be embodied as a “top emitter”, that
is to say that the electromagnetic radiation generated in the
active region can be emitted on that side of the semiconductor
layer sequence which is remote from the substrate. In this
case, the wavelength conversion layer and the filter layer can
be arranged above the semiconductor layer sequence and in
particular above the second electrode.

If an electrode which comprises the metallic layer or con-
sists thereof is intended to be embodied as transmissive to the
light emitted by the organic layer stack, then it can be advan-
tageous if the metallic layer is made sufficiently thin. Prefer-
ably, the thickness of such a semitransparent metallic layer
lies between 1 nm and 100 nm, inclusive of the limits.

Furthermore, the first electrode can be embodied as a cath-
ode and the second electrode as an anode, wherein the semi-
conductor layer sequence can in this case be embodied as a
bottom or top emitter. Moreover, the semiconductor layer
sequence can be embodied simultaneously as a top emitter
and as a bottom emitter.

The semiconductor layer sequence can have as active
region a conventional pn junction, a double heterostructure, a
single quantum well structure (SQW structure) or a multiple
quantum well structure (MQW structure), for example.
Alongside the active region, the semiconductor layer
sequence can comprise further functional layers and func-
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tional regions, for instance p- or n-doped charge carrier trans-
port layers, that is to say electron or hole transport layers, p-
or n-doped confinement or cladding layers, butfer layers and/
or electrodes and combinations thereof. Such structures con-
cerning the active region or the further functional layers and
regions are known to the person skilled in the art in particular
with regard to construction, function and structure, and there-
fore will not be explained in any greater detail at this juncture.

In a further embodiment, the wavelength conversion layer
comprises at least one wavelength conversion substance. In
this case, the wavelength conversion substance can comprise
for example particles from the group of cerium-doped gar-
nets, in this case in particular cerium-doped yttrium alumi-
num garnet (Y3A15012:Ce, YAG:Ce), cerium-doped terbium
aluminum garnet (TAG:Ce), cerium-doped terbium yttrium
aluminum garnet (TbYAG:Ce), cerium-doped gadolinium
yttrium aluminum garnet (GdAYAG:Ce) and cerium-doped
gadolinium terbium yttrium aluminum garnet (GdTbYAG:
Ce). Further possible wavelength conversion substances can
be the following, for example:

garnets of the rare earths and of the alkaline earth metals, as

described for example in the document US 2004062699
Al, the disclosure content of which in this regard is
incorporated by reference,
nitrides, sions and sialons, as described for example in the
document DE 10147040 A1, the disclosure content of
which in this regard is incorporated by reference,

orthosilicates, sulfides and vanadates, as described for
example in the document WO 00/33390 A1, the disclo-
sure content of which in this regard is incorporated by
reference,

chlorosilicates, as described for example in the document

DE 10036940 A1, the disclosure content of which in this
regard is incorporated by reference, and

aluminates, oxides, halophosphates, as described for

example in the document U.S. Pat. No. 6,616,862 B2,
the disclosure content of which in this regard is incor-
porated by reference.

Furthermore, the wavelength conversion layer can also
comprise suitable mixtures and combinations of the wave-
length conversion substances mentioned.

Furthermore, the wavelength conversion layer can com-
prise a transparent matrix material, wherein the wavelength
conversion substance can be embedded into the matrix mate-
rial or be chemically bonded thereto. The transparent matrix
material can comprise for example a transparent plastic, for
instance silicones, epoxides, acrylates, imides, carbonates,
olefins or derivatives thereof. In this case, the wavelength
conversion layer can be embodied as a film. Furthermore, the
wavelength conversion layer can also be applied on a sub-
strate comprising glass or a transparent plastic, for instance.

In accordance with at least one embodiment of the opto-
electronic device, the wavelength conversion layer comprises
at least one wavelength conversion substance from the group
of garnets.

In accordance with at least one embodiment of the opto-
electronic device, the wavelength conversion substance is
embedded into a matrix material and the matrix material
comprises a transparent plastic.

In accordance with at least one embodiment of the opto-
electronic device, the wavelength conversion layer is embod-
ied as a film.

In accordance with at least one embodiment of the opto-
electronic device, the second regions each have a scattering
layer.

In accordance with at least one embodiment of the opto-
electronic device, the scattering layer is disposed downstream
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of the filter layer in the beam path of the electromagnetic
radiation emitted by the organic layer sequence.

In accordance with at least one embodiment of the opto-
electronic device, the filter layer is disposed downstream of
the scattering layer in the beam path of the electromagnetic
radiation emitted by the organic layer sequence.

In accordance with at least one embodiment of the opto-
electronic device, the filter layer and the scattering layer are
combined with one another in the second regions.

In accordance with at least one embodiment of the opto-
electronic device, a scattering layer is provided which is
disposed downstream of the structured layer in the beam path
of the electromagnetic radiation emitted by the organic layer
sequence.

In accordance with at least one embodiment of the opto-
electronic device, the scattering layer has a roughened sur-
face.

In accordance with at least one embodiment of the opto-
electronic device, the scattering layer comprises reflective
particles.

In accordance with at least one embodiment of the opto-
electronic device, the scattering layer comprises at least one
of the following reflective particles: quartz glass, titanium
oxide, aluminum oxide.

In a further embodiment of the invention, the second
regions each have a scattering layer designed to pass on or
emit electromagnetic radiation, in particular light, which
impinges on the layer in directional fashion, in non-direc-
tional fashion, that is to say with different directions.

The organic layer sequence usually emits electromagnetic
radiation in directional form, that is to say that the electro-
magnetic radiation emitted by the organic layer sequence has
predominantly a single direction, which is substantially per-
pendicular to the layer arrangement of the organic layer
sequence. In different exemplary embodiments, the electro-
magnetic radiation emitted by the wavelength conversion
layer can be effected in non-directional or isotropic fashion.
The electromagnetic radiation having the first spectrum,
which is emitted by the organic layer sequence, is also emitted
in non-directional fashion by the scattering layer. Conse-
quently, in the case of a superimposition of the isotropically
emitted electromagnetic radiation having the second spec-
trum and the electromagnetic radiation having the first spec-
trum that is scattered by the scattering layer, a superimposi-
tion of in each case non-directional electromagnetic radiation
occurs. This advantageously leads to a uniform light impres-
sion of the optoelectronic device.

The scattering layer can be disposed downstream of the
filter layer in the beam path of the electromagnetic radiation
emitted by the organic layer sequence. As an alternative, the
filter layer can also be disposed downstream of the scattering
layer in the beam path of the electromagnetic radiation emit-
ted by the organic layer sequence. Once again as an alterna-
tive, the filter layer and the scattering layer can be combined
with one another in the second regions.

In a further exemplary embodiment, a directional electro-
magnetic radiation can also be emitted by the wavelength
conversion layer. For this case, in particular, it can be expe-
dient to provide a scattering layer which is disposed down-
stream of the structured layer, that is to say downstream of the
first and the second regions, in the beam path of the electro-
magnetic radiation emitted by the organic layer sequence.
The scattering layer once again converts directional light or
directional electromagnetic radiation from the first and sec-
ond regions into non-directional radiation. This can lead to a
more pleasant color impression for an observer, for example.
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In different exemplary embodiments, the scattering can be
achieved by virtue of the fact that the scattering layer has a
roughened surface. In other exemplary embodiments, the
scattering layer can comprise reflective particles for scatter-
ing purposes, which particles reflect incident light at respec-
tively different emission angles, for example. In this case, the
reflective particles can be formed for example by quartz glass,
by titanium dioxide, by aluminum oxide or similar transpar-
ent particles. In this case, the particles preferably have a
particle size in the range of from approximately 100 nm to a
few um. In this case, the particles are preferably embedded
into a matrix, for example a film or a silicone matrix. As an
alternative, other transparent plastics can also be used as
carrier material for the reflective particles.

In a further embodiment of the invention, the optoelec-
tronic device has a second wavelength conversion layer,
which is disposed downstream of the first regions and/or the
second regions in the beam path of the electromagnetic radia-
tion emitted by the organic layer sequence. In this case, the
second wavelength conversion layer is designed to convert at
least partially electromagnetic radiation from a wavelength
range lying below a wavelength range of the first spectrum
into an electromagnetic radiation from the wavelength range
of the first spectrum. What can be achieved by means of the
conversion of the electromagnetic radiation from the wave-
length range lying below the wavelength range of the first
spectrum and thus usually in a non-visible wavelength range
into the wavelength range of the first spectrum is that, in the
case of incidence of electromagnetic radiation on the opto-
electronic device from outside, the intensity of the electro-
magnetic radiation in the wavelength range of the first spec-
trum is correspondingly amplified. In this case, the light
converted by the second wavelength conversion layer,
depending on the embodiment chosen, can be reflected by the
second region and emitted toward the outside and/or be con-
verted in the first regions with the first wavelength conversion
layer into electromagnetic radiation having a wavelength
range corresponding to the second wavelength spectrum.
Preferably, the second wavelength conversion layer is
designed to convert electromagnetic radiation from an ultra-
violet (UV) wavelength range into an electromagnetic radia-
tion from a blue wavelength range.

Consequently, in the case of an optoelectronic device in
accordance with one of the embodiments, in the case of
irradiation with sunlight, a UV portion of the sunlight can
firstly be converted into electromagnetic radiation from a blue
wavelength range, which, by itself or together with a subse-
quent electromagnetic radiation converted into a yellow
wavelength range, increases an intensity of the luminous
impression of the optoelectronic device.

In a further exemplary embodiment of the invention, the
first regions each have a second filter layer, which is disposed
downstream of the first wavelength conversion layer in the
second regions in the beam path of the electromagnetic radia-
tion emitted by the organic layer sequence. In this case, the
second filter layer is at least partially opaque to an electro-
magnetic radiation having a fourth wavelength spectrum,
which corresponds to at least one part of the first wavelength
spectrum. What can advantageously be achieved by means of
the second filter layer is that less or no electromagnetic radia-
tion from a wavelength range corresponding to the absorption
spectrum of the first wavelength conversion layer is converted
into electromagnetic radiation having the second wavelength
spectrum in said wavelength conversion layer. Consequently,
the intensity of the electromagnetic radiation having the sec-
ond wavelength spectrum which is emitted by the wavelength
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conversion layer can be reduced. This can lead to a less
yellowish color impression of the optoelectronic device.

In different embodiments, the second filter layer can be
designed at least partially to absorb the electromagnetic
radiation having the fourth spectrum. As an alternative or in
addition, the second filter layer can also be designed at least
partially to reflect the electromagnetic radiation having the
fourth spectrum.

For different exemplary embodiments of the invention in
which the organic layer sequence is embodied as a top emitter
structure, the optoelectronic device can have an encapsula-
tion disposed upstream or disposed downstream of the struc-
tured layer in the beam path of the electromagnetic radiation
emitted by the organic layer sequence. To put it another way,
the structured layer can be encapsulated jointly with the
organic layer sequence or, as an alternative, lie outside an
encapsulation of the organic layer sequence. The encapsula-
tion can in each case be embodied as a thin-film encapsula-
tion.

The second wavelength conversion layer can have a similar
construction to the first wavelength conversion layer. In par-
ticular, in the second wavelength conversion layer, it is pos-
sible to provide corresponding conversion substances which,
however, are adapted in terms of their arrangement and/or
composition and/or concentration to the absorption spectrum
and emission spectrum desired in the second wavelength
conversion layer.

The filter layers can also be embodied as corresponding
conversion layers, wherein the portions of the electromag-
netic radiation that are respectively to be filtered out are in
each case preferably converted into electromagnetic radiation
from a non-visible wavelength range, preferably an infrared
wavelength range. As an alternative, the filter layers can also
be realized as pigment-based filters comprising correspond-
ing colored pigments for the filtering.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B show schematic illustrations of an opto-
electronic device in accordance with one exemplary embodi-
ment during operation and in the switched-off state,

FIG. 2 shows a first exemplary spectral diagram,

FIG. 3 shows different embodiments of a structured layer,

FIGS. 4A, 4B and 4C show schematic illustrations of an
optoelectronic device in accordance with further exemplary
embodiments,

FIG. 5 shows a schematic illustration of an optoelectronic
device in accordance with a further exemplary embodiment,

FIG. 6 shows a schematic illustration of an optoelectronic
device in accordance with a further exemplary embodiment,

FIG. 7 shows a schematic illustration of an optoelectronic
device in accordance with a further exemplary embodiment,
and

FIG. 8 shows a second exemplary spectral diagram.

DETAILED DESCRIPTION OF THE DRAWINGS

In the exemplary embodiments and figures, identical or
identically acting constituent parts are in each case provided
with the same reference symbols. The elements illustrated
and their size relationships among one another should not be
regarded as true to scale, in principle; rather, individual ele-
ments, such as layers for example, may be illustrated with an
exaggerated thickness for the sake of improved illustration
and/or in order to afford a better understanding.

FIGS. 1A and 1B show an exemplary embodiment of an
optoelectronic device. In this case, the optoelectronic device
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is described during operation in conjunction with FIG. 1A,
while FIG. 1B shows the optoelectronic device in the
switched-off state. The following description can relate
equally to FIGS. 1A and 1B.

The optoelectronic device has an organic layer sequence 1
and an electrode 10 and an active region 11. In this case, as
explained in the general part of the description, the organic
layer sequence 1 can have functional layers or layer
sequences and is embodied as an OLED, for example. In
particular, the active region 11 of the organic layer sequence
1 is suitable for emitting electromagnetic radiation 15 having
a first wavelength spectrum.

A structured layer comprising a first region 2A and a sec-
ond region 2B is arranged in the beam path of the electromag-
netic radiation 15 having the first wavelength spectrum. The
first region 2A has a wavelength conversion layer 3 compris-
ing a wavelength conversion substance 32. As shown in the
exemplary embodiment, the wavelength conversion sub-
stance 32 can be embedded into a matrix material 31, for
example. The second region 2B has a fourth layer 4.

In this case, the wavelength conversion substance 32 is
suitable for converting at least partially a partial spectrum of
the electromagnetic radiation 15 having the first wavelength
spectrum into electromagnetic radiation 16 having a second
wavelength spectrum. In this case, suitable materials for the
wavelength conversion substance 32 can be, in particular,
materials which have an absorption spectrum which contains
at least one spectral component, in particular one wavelength
range, which is also contained in the first wavelength spec-
trum. The absorbed electromagnetic radiation can then pref-
erably be re-emitted with a different wavelength than the
electromagnetic radiation 15 having the first wavelength
spectrum.

The filter layer 4 is opaque to an electromagnetic radiation
having a third wavelength spectrum, which corresponds to at
least one part of the second wavelength spectrum. In this
exemplary embodiment, the electromagnetic radiation 15
having the first wavelength spectrum can pass through the
filter layer 4 in an unimpeded manner and substantially with-
out any alteration of its spectral components. To put it another
way, the filter layer 4 is transparent to electromagnetic radia-
tion 15 having the first wavelength spectrum.

By way of example, spectral components of an electromag-
netic radiation 17 which is incident on the optoelectronic
device from outside and which corresponds to the third wave-
length spectrum are converted into an electromagnetic radia-
tion from a non-visible wavelength range, which is not shown
in the present illustration for reasons of clarity. A remaining
portion of spectral components of the electromagnetic radia-
tion 17 is, as electromagnetic radiation 18, alternatively
reflected or transmitted through the filter layer 4 into the
organic layer sequence 1, wherein in this case this electro-
magnetic radiation 18 is reflected at the electrode 10 back
through the filter layer 4. By way of example, the wavelength
range of the electromagnetic radiation 18 corresponds to the
wavelength range of the first wavelength spectrum of the
electromagnetic radiation 15 emitted by the organic layer
sequence. In this case, the electromagnetic radiation 15 and/
or the electromagnetic radiation 18 can comprise a blue wave-
length range.

In the first region 2A or in the conversion layer 3, spectral
components of the electromagnetic radiation 17 which cor-
respond to the wavelength range of the first wavelength spec-
trum or to the absorption spectrum of the wavelength conver-
sion layer 3 are converted into electromagnetic radiation 16
having the second wavelength spectrum by the wavelength
conversion substance 32.

SDC EX. 1001 - 12/16



US 8,314,547 B2

11

Consequently, in accordance with the exemplary embodi-
ment illustrated in FIG. 1A, during the operation of the
device, the electromagnetic radiation emitted by the optoelec-
tronic device comprises portions of the electromagnetic
radiation 15 having the first wavelength spectrum, portions of
the electromagnetic radiation 16 having the second wave-
length spectrum, which results from the conversion of the
electromagnetic radiation 15, portions of the electromagnetic
radiation 18 filtered by the filter layer 4, and portions of the
electromagnetic radiation 16 A, which results from the con-
version of the incident electromagnetic radiation 17. Advan-
tageously, this results in an electromagnetic radiation from a
yellow wavelength range combined with an electromagnetic
radiation from a blue wavelength range, which results in a
desired, for example whitish, emission characteristic.

In the switched-off state of the optoelectronic device, as
illustrated in the exemplary embodiment of FIG. 1B, electro-
magnetic radiation 17 is once again incident on the device
from outside. As described above, in the wavelength conver-
sion layer 3 the electromagnetic radiation 17 is converted into
electromagnetic radiation 16A, and in the filter layer 4 the
incident electromagnetic radiation 17 is filtered, resulting in
the filtered electromagnetic radiation 18. Consequently, once
again through combination of a yellowish portion of the elec-
tromagnetic radiation 16A and a bluish portion of the elec-
tromagnetic radiation 18, a non-yellowish, preferably whit-
ish, color impression arises for an observer of the
optoelectronic device in the switched-off state thereof.

FIG. 2 shows an exemplary spectral diagram with different
transmission characteristics and emission characteristics as a
function of a wavelength A. An emission characteristic or an
emission spectrum ES represents, for example, a spectral
profile of the electromagnetic radiation 15 emitted by the
organic layer sequence 1. In this case, the emission spectrum
ES comprises a blue wavelength range. A conversion spec-
trum CS represents the wavelength spectrum which is emitted
by the wavelength conversion layer 3 and on which the elec-
tromagnetic radiation 16, 16A is based, by way of example.
The conversion spectrum CS accordingly comprises a yellow
wavelength range and a red-green wavelength range, respec-
tively. The curve designated by TS1 indicates a transmission
spectrum of the filter layer 4. Accordingly, the filter layer 4 is
transmissive to blue light and thus to the electromagnetic
radiation 15 emitted by the organic layer sequence 1, while it
is opaque to electromagnetic radiation having a yellow wave-
length range and a red and green wavelength range. In the
case of irradiation of the filter layer 4 with sunlight, for
example, which approximately has spectral components in all
visible wavelength ranges, a yellowish portion and reddish
and greenish portion are thus filtered out. A yellowish color
impression of the optoelectronic device can thus be reduced
or avoided.

FIG. 3 shows different exemplary embodiments of
arrangements of first and second regions 2A, 2B. In a first
pattern P1, the first and second regions 2A, 2B are arranged in
striped fashion, wherein a width of the respective strips can
influence a color impression of the optoelectronic device. In a
second pattern P2, the first and second regions 2A, 2B are
arranged in crossed-striped fashion or lattice-shaped fashion.
In a third pattern P3, the first regions are arranged in circular
fashion within the second regions 2B. In a further exemplary
pattern P4, the first and second regions 2A, 2B have a square
form, thus resulting in a chequered pattern, for example.
Alongside the exemplary patterns illustrated here, the first
and second regions 2A, 2B can also be provided in other
forms or in a combination of these and other forms.
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FIGS. 4A, 4B and 4C illustrate further exemplary embodi-
ments of an optoelectronic device, the basic functioning of
which corresponds to that of the exemplary embodiment in
accordance with FIGS. 1A and 1B. In this case, the second
regions each have a scattering layer 5, which is disposed
downstream of the filter layer 4 in the beam path of the
electromagnetic radiation 15 in FIG. 4A, is disposed
upstream thereof in FIG. 4B, and is combined with the filter
layer 4 in FIG. 4C. The following description can relate
equally to FIGS. 4A, 4B and 4C.

Electromagnetic radiation 15 emitted by the organic layer
sequence 1 is usually emitted as directional radiation. If the
electromagnetic radiation 15 impinges on the wavelength
conversion substance 32 in the wavelength conversion layer
3, the radiation is absorbed and re-emitted as electromagnetic
radiation 16 having the second spectrum. In this case, the
re-emission is effected in non-directional fashion, that is to
say that the emission direction of the emitted radiation 16 is
effected isotropically, for example. However, the electromag-
netic radiation 15 passes through the filter layer 4 without any
change in direction. In order to avoid a combination of direc-
tional and non-directional electromagnetic radiation, the
scattering layer 5 has scattering particles 51, for example,
which bring about a change in direction of the electromag-
netic radiation 15, such that the latter is emitted as non-
directional electromagnetic radiation 15a, 156. Conse-
quently, a more homogenous, more uniform color impression
can be realized in the case of the optoelectronic device. The
scattering layer 5 comprises a matrix material, for example,
into which the reflective particles 51 are embedded. The
particles can be formed from any desired transparent scatter-
ing material such as, for example, aluminum oxide, titanium
dioxide or quartz glass.

The scattering effect ofthe scattering layer 5 also applies to
an incident electromagnetic radiation 17 not illustrated here,
and a reflected, filtered electromagnetic radiation 18. The
scattering layer preferably has an identical emission charac-
teristic to the wavelength conversion layer 3.

FIG. 5 shows a further exemplary embodiment of an opto-
electronic device, in which a scattering layer 5 is provided
both above the wavelength conversion layer 3 and above the
filter layer 4. By way of example, in this exemplary embodi-
ment, the wavelength conversion layer 3 is designed to emit
the electromagnetic radiation 16 having the second spectrum
in a directional form. In this case, electromagnetic radiation
in a directional form emerges both from the wavelength con-
version layer 3 and from the filter layer 4. The scattering layer
5 in the beam path of this electromagnetic radiation brings
about a scattering of the radiation 15, 16 into non-directional
radiation 15A, 15B, 16 A, 16B. This in turn leads to a homog-
enous color impression of the optoelectronic device.

In this exemplary embodiment, too, the scattering layer has
reflective particles 51, which correspond in terms of construc-
tion and function to the particles 51 in the exemplary embodi-
ments shown in FIGS. 4A, 4B and 4C.

In further exemplary embodiments, the scattering layer 5
can also be realized as a layer having a roughened surface,
wherein the scattering of the electromagnetic radiation 15,16
is in this case effected by the roughened surface of the scat-
tering layer 5. The provision of particles 51 is not absolutely
necessary in this case.

FIG. 6 shows a further exemplary embodiment of an opto-
electronic device, in which a second wavelength conversion
layer 6 is disposed downstream of the organic layer sequence
1 and the structured layer 2. In this case, the second wave-
length conversion layer 6 is designed to convert at least par-
tially electromagnetic radiation from a wavelength range
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lying below a wavelength range of the first spectrum into an
electromagnetic radiation from the wavelength range of the
first spectrum. By way of example, electromagnetic radiation
from an ultraviolet wavelength range can be converted into a
blue wavelength range of the first spectrum by means of the
second wavelength conversion layer 6.

In this case, the second conversion layer 6 has, in principle,
a similar construction or a similar composition to the first
wavelength conversion layer 3, the absorption spectra and
emission spectra of the first and second wavelength conver-
sion layers 3, 6 respectively differing from one another. The
second wavelength conversion layer 6 accordingly has for
example an absorption spectrum from the ultraviolet wave-
length range and an emission spectrum from the blue wave-
length range.

By way of example, during operation or in the switched-off
state of the optoelectronic device, electromagnetic radiation
17, for example sunlight, falls onto the second wavelength
conversion layer 6 of the device. The spectral portions from
the ultraviolet wavelength range of the electromagnetic radia-
tion 17 which correspond to the absorption spectrum of the
second wavelength conversion layer 6 are thus converted into
an electromagnetic radiation 19 in accordance with the emis-
sion spectrum of the second wavelength conversion layer 6.
Remaining spectral portions of the electromagnetic radiation
17, which do not correspond to the absorption spectrum of the
second wavelength conversion layer 6, can for example pass
through the layer 6 substantially without being altered, this
not being illustrated for reasons of clarity in FIG. 6.

Since the emission spectrum of the wavelength conversion
layer 6 substantially corresponds to the absorption spectrum
of the first wavelength conversion layer 3, the electromag-
netic radiation 19, in the first wavelength conversion layer 3,
is converted into electromagnetic radiation 16 having the
second spectrum and emitted. The electromagnetic radiation
19 can be reflected in the filter layer 4. As an alternative or in
addition, the electromagnetic radiation 19 can also be trans-
mitted as electromagnetic radiation 19A having the same or
an altered wavelength spectrum into the organic layer
sequence 1, where it is reflected toward the outside at the
electrode 10, by way of example. Since the converted elec-
tromagnetic radiation 16 from a yellow wavelength range and
the converted electromagnetic radiation 19 and/or 19A from
a blue wavelength range are emitted jointly, a whitish color
impression of the optoelectronic device once again arises as a
result of these radiation portions, both in the switched-off
state and in the switched-on state.

In further exemplary embodiments, the second wavelength
conversion layer 6 can also be arranged only above the first
regions 2A or only above the second regions 2B.

In a further exemplary embodiment in FIG. 7, a second
filter layer is disposed downstream of the first wavelength
conversion layer 3 in the beam path of the electromagnetic
radiation 15 emitted by the organic layer sequence. In this
case, the second filter layer 7 is opaque to an electromagnetic
radiation having a fourth wavelength spectrum, which corre-
sponds to at least one part of the first wavelength spectrum.
This can advantageously prevent a situation in which electro-
magnetic radiation having spectral portions from the absorp-
tion spectrum of the first wavelength conversion layer 3 pen-
etrates into the wavelength conversion layer 3 from outside
the optoelectronic device. Accordingly, said spectral portions
also cannot be converted into electromagnetic radiation hav-
ing the second wavelength spectrum. This leads to a reduction
of'the emission of electromagnetic radiation from a yellowish
wavelength range.
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The second filter layer 7 can for example reflect the elec-
tromagnetic radiation having the fourth spectrum. As an alter-
native or in addition, the second filter layer 7 can also absorb
the electromagnetic radiation having the fourth spectrum. By
way of example, the second filter layer 7 has a spectral char-
acteristic complementary to the first filter layer 4.

In the exemplary embodiment in FIG. 7, the electromag-
netic radiation 15 emitted by the organic layer sequence is
converted into electromagnetic radiation 16 having the sec-
ond spectrum in the wavelength conversion layer 3. Incident
electromagnetic radiation 17, at the second filter layer 7,
without being altered, by way of example, is reflected or
transmitted in such a way that an electromagnetic radiation 20
having a remaining spectrum impinges on the first wave-
length conversion layer 3. However, since the electromag-
netic radiation 20 has substantially no spectral portions from
the absorption spectrum of the wavelength conversion layer
3, no re-emission of converted electromagnetic radiation can
occur.

FIG. 8 shows a further exemplary spectral diagram with
transmission and emission spectra. In this case, the emission
spectrum ES of the organic layer sequence 1 and the conver-
sion spectrum CS of the first wavelength conversion layer 3
correspond for example to the spectral profiles shown in FIG.
2. A transmission spectrum TS2 represents the exemplary
spectral profile of the second filter layer 7. The second filter
layer is accordingly opaque to electromagnetic radiation hav-
ing the emission spectrum of the organic layer sequence,
which substantially corresponds to the absorption spectrum
of the wavelength conversion layer 3.

An optoelectronic device in accordance with one of the
exemplary embodiments illustrated can be suitable for
example as a component for a flashlight, for a mobile tele-
phone application with a camera. Furthermore, such an opto-
electronic device can also be suitable for illumination
devices.

The invention is not restricted to optoelectronic devices
comprising an organic layer sequence. The invention can also
be used in the case of optoelectronic devices which comprise
an inorganic layer sequence instead of an organic radiation-
generating layer sequence. In particular, the invention can
also be used in the case of inorganic light-emitting diodes.

The invention is not restricted to the exemplary embodi-
ments by the descriptions on the basis of said exemplary
embodiments. Rather, the invention encompasses any new
feature and also any combination of features, which in par-
ticular comprises any combination of features in the patent
claims, even if this feature or this combination itself is not
explicitly specified in the patent claims or exemplary embodi-
ments. In particular, the different embodiments of the scat-
tering layers, of the second wavelength conversion layer and
of'the second filter layer can be combined with one another in
any desired manner in the case of the optoelectronic device.

The invention claimed is:

1. An optoelectronic device, comprising:

an organic layer sequence which emits an electromagnetic

radiation having a first wavelength spectrum during
operation; and

a structured layer disposed downstream of the organic

layer sequence in a beam path of the electromagnetic
radiation emitted by the organic layer sequence and
including first and second regions;

wherein the first regions each include a wavelength con-

version layer configured to convert at least partially elec-
tromagnetic radiation having a first wavelength spec-
trum into an electromagnetic radiation having a second
wavelength spectrum;
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wherein the second regions each include a filter layer
which is at least partially opaque to an electromagnetic
radiation having a third wavelength spectrum which cor-
responds to at least one part of the second wavelength
spectrum,;

wherein the first and second regions of the structured layer
are arranged laterally in a beam path of the optoelec-
tronic device; and

wherein the filter layer is transparent to the electromag-
netic radiation having the first wavelength spectrum.

2. The optoelectronic device as claimed in claim 1, wherein
the first wavelength spectrum comprises a blue wavelength
range and the second wavelength spectrum comprises a yel-
low wavelength range.

3. The optoelectronic device as claimed in claim 1, wherein
the optoelectronic device has a non-yellow color impression.

4. The optoelectronic device as claimed in claim 1, wherein
the filter layer is configured to convert the electromagnetic
radiation having the third wavelength spectrum into an elec-
tromagnetic radiation from a non-visible wavelength range.

5. The optoelectronic device as claimed in claim 4, wherein
the filter layer is further configured to absorb the electromag-
netic radiation having the third wavelength spectrum.

6. The optoelectronic device as claimed in claim 1, further
comprising:

a second wavelength conversion layer disposed down-
stream of at least one of the first regions and the second
regions in the beam path of the electromagnetic radia-
tion emitted by the organic layer sequence and is con-
figured to convert at least partially electromagnetic
radiation from a wavelength range lying below a wave-
length range of the first wavelength spectrum into an
electromagnetic radiation from the wavelength range of
the first wavelength spectrum.

7. The optoelectronic device as claimed in claim 6, wherein

the second wavelength conversion layer is configured to con-
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vert electromagnetic radiation from an ultraviolet wavelength
range into an electromagnetic radiation from a blue wave-
length range.

8. The optoelectronic device as claimed in claim 1, wherein
the first regions each have a second filter layer disposed
downstream of the wavelength conversion layer in the beam
path of the electromagnetic radiation emitted by the organic
layer sequence and which is at least partially opaque to an
electromagnetic radiation having a fourth wavelength spec-
trum which corresponds to at least one part of the first wave-
length spectrum.

9. The optoelectronic device as claimed in claim 8, wherein
the second filter layer is configured at least partially to absorb
the electromagnetic radiation having the fourth wavelength
spectrum.

10. The optoelectronic device as claimed in claim 8,
wherein the second filter layer is configured at least partially
to reflect the electromagnetic radiation having the fourth
wavelength spectrum.

11. The optoelectronic device as claimed in claim 1, further
comprising:

an encapsulation one of disposed upstream and disposed

downstream of the structured layer in the beam path of
the electromagnetic radiation emitted by the organic
layer sequence.

12. The optoelectronic device as claimed in claim 11,
wherein the encapsulation comprises a thin-film encapsula-
tion.

13. The optoelectronic device as claimed in claim 1,
wherein the electromagnetic radiation which is emitted by the
optoelectronic device corresponds to a superimposition of the
electromagnetic radiation having the first wavelength spec-
trum and the electromagnetic radiation having the second
wavelength spectrum.

14. The optoelectronic device as claimed in claim 1,
wherein the structured layer has at least one of striped,
crossed-striped, circular, triangular, and rectangular regions.

#* #* #* #* #*
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