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(57) ABSTRACT 
A method of producing an optoelectronic component com 
prises the steps of A) providing a radiation-emitting layer 
sequence (1) having an active Zone (13), which emits electro 
magnetic primary radiation when in operation, B) providing a 
first wavelength conversion layer (2), which converts the 
primary radiation at least partially into electromagnetic sec 
ondary radiation, and C) arranging the first wavelength con 
version layer (2) on the radiation-emitting layer sequence (1) 
in the beam path of the primary radiation. 
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1. 

METHOD FOR MANUFACTURING AN 
OPTO-ELECTRONIC COMPONENT 

RELATED APPLICATIONS 

This is a U.S. national stage of application No. PCT/ 
DE2008/001330, filed on Aug. 12, 2008. 

This application claims priority from German patent appli 
cation 10 2007 044869.6 filed Sep. 20, 2007, and German 
patent application 10 2007053 286.7 filed Nov. 8, 2007, the 
disclosure contents of both of which are hereby included 
incorporated by reference. 

FIELD OF THE INVENTION 

The invention relates to a method of producing an opto 
electronic component. 

SUMMARY OF THE INVENTION 

It is an object at least of specific embodiments to provide a 
method of producing an optoelectronic component with a 
radiation-emitting layer sequence and a wavelength conver 
sion layer. 

This and other objects are attained in accordance with one 
aspect of the present invention directed to a method of pro 
ducing an optoelectronic component according to one 
embodiment that comprises the steps of 
A) providing a radiation-emitting layer sequence having an 

active Zone, which emits electromagnetic primary radia 
tion when in operation, 

B) providing a first wavelength conversion layer, which con 
verts the primary radiation at least partially into electro 
magnetic secondary radiation, and 

C) arranging the first wavelength conversion layer on the 
radiation-emitting layer sequence in the beam path of the 
primary radiation. 
Such a method may make it possible for the radiation 

emitting layer sequence and the first wavelength conversion 
layer to be producible separately from one another and only 
arranged together once production is complete. One possible 
advantage of Such separate production of the radiation-emit 
ting layer sequence and the first wavelength conversion layer 
is that process steps may be performed for example in order to 
provide the first wavelength conversion layer which would 
damage the constitution and/or functioning of the radiation 
emitting layer sequence. In particular, it is possible to con 
ceive of methods involving thermal treatment or irradiation 
with UV light or other electromagnetic radiation or with 
particles Such as for instance electrons which could on the one 
hand be advantageous for providing the first wavelength con 
version layer while on the other hand being harmful to the 
radiation-emitting layer sequence. The above method like 
wise makes possible the presence for instance of Solvents, 
water or reactive gases as externally supplied agents or as 
reaction products during provision of the first wavelength 
conversion layer. 
The statement that a layer or an element is arranged or 

applied “on” or "over another layer or another element may 
here and hereinafter mean that the one layer or the one ele 
ment is arranged in direct mechanical and/or electrical con 
tact with the other layer or the other element. It may moreover 
also mean that the one layer or the one element is arranged 
indirectly on or over the other layer or the other element. In 
this case, furtherlayers and/or elements may then be arranged 
between the one layer and the other. 
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2 
Arrangement of the first wavelength conversion layer on 

the radiation-emitting layer sequence in the beam path of the 
primary radiation according to the above-stated method step 
C may here comprise attachment of the first wavelength con 
version layer to the radiation-emitting layer sequence by 
adhesive bonding, lamination, a mechanical fastening 
method such as for instance clamping or a combination of the 
above. In particular durable and resistant connection of the 
radiation-emitting layer sequence and the first wavelength 
conversion layer may thereby be obtained. The adhesive used 
may take the form, for example, of a silicone- or epoxy-based 
material which may be cured at room temperature or at a 
temperature compatible with the radiation-emitting layer 
sequence. Advantageously, the refractive index of the adhe 
sive is here conformed to that of the wavelength conversion 
layer and/or that of the radiation-emitting layer sequence. 

Furthermore, method step B may comprise the following 
Sub-steps: 
B1) applying a wavelength conversion material to a carrier 

Substrate, 
B2) applying a binder to the carrier substrate and 
B3) curing the binder to fix the wavelength conversion mate 

rial in place. 
The carrier Substrate may for example comprise or be made 

of a transparent material. Suitable carrier substrate materials 
may for example be glass, plastics or metal in sheet or film/ 
foil form, or combinations or mixtures thereof. 
The wavelength conversion material and the binder, which 

are described in greater detail below, may thus form the first 
wavelength conversion layer together with the carrier sub 
Strate. 

A wavelength conversion material may be applied, for 
example, by means of spraying, printing or dusting. 

Furthermore, method step B may also comprise the follow 
ing Sub-steps: 
B1") providing a mixture of a wavelength conversion material 
and a matrix material, 

B2') applying the mixture to a carrier Substrate, 
B3') curing the mixture. 
The wavelength conversion material and the matrix mate 

rial, together with the carrier substrate, may form the wave 
length conversion layer. Furthermore, in a further method 
step after step B3' the cured mixture, which comprises the 
wavelength conversion material and the cured matrix mate 
rial, may also be detached from the carrier Substrate using 
mechanical, optical and/or chemical methods. The cured 
mixture may then form the wavelength conversion layer with 
out the carrier substrate. 

Furthermore, the method step may also comprise the fol 
lowing Sub-steps: 
B1") providing a mixture of a wavelength conversion material 
and a matrix material, 

B2") shaping a film or sheet from the mixture, 
B3") curing the mixture to yield the first wavelength conver 

sion layer. 
Shaping of the mixture to yield a film or sheet may proceed 

by injection molding, transfer molding, compression mold 
ing, extrusion, rolling or foil drawing. 
The wavelength conversion material may be suitable for 

absorbing the electromagnetic primary radiation at least par 
tially and emitting it as secondary radiation with a wavelength 
range which differs at least in part from the primary radiation. 
The electromagnetic primary radiation and electromagnetic 
secondary radiation may comprise one or more wavelengths 
and/or wavelength ranges in an infrared to ultraviolet wave 
length range, in particular in a visible wavelength range. In 
this respect, the spectrum of the primary radiation and/or the 
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spectrum of the secondary radiation may be narrowband, i.e. 
the primary radiation and/or the secondary radiation may 
comprise a monochromatic or approximately monochro 
matic wavelength range. The spectrum of the primary radia 
tion and/or the spectrum of the secondary radiation may alter 
natively also be broadband, i.e. the primary radiation and/or 
the secondary radiation may comprise a polychromatic wave 
length range, wherein the polychromatic wavelength range 
may comprise a continuous spectrum and/or a plurality of 
discrete spectral components with various wavelengths. For 
example, the electromagnetic primary radiation may com 
prise a wavelength range consisting of an ultraviolet to green 
wavelength range, while the electromagnetic secondary 
radiation may comprise a wavelength range consisting of a 
blue to infrared wavelength range. When superimposed, the 
primary radiation and the secondary radiation may particu 
larly preferably give the impression of white-colored light. To 
this end, the primary radiation may preferably give the 
impression of blue-colored light and the secondary radiation 
the impression of yellow-colored light, which may arise as a 
result of spectral components of the secondary radiation in 
the yellow wavelength range and/or spectral components in 
the green and red wavelength range. 

In particular, the optoelectronic component may emit the 
primary radiation and the secondary radiation in Superim 
posed manner. An external observer may therefore perceive 
the above-mentioned polychromatic light impression as a 
result of the Superimposition of the electromagnetic primary 
radiation and electromagnetic secondary radiation. The poly 
chromatic light impression may here depend on the relative 
proportions of the primary radiation and secondary radiation. 
The wavelength conversion material may comprise one or 

more of the following materials: garnets of rare earths and 
alkaline earth metals, for example YAG:Ce", nitrides, nitri 
dosilicates, Sions, sialons, aluminates, oxides, halophos 
phates, orthosilicates, Sulfides, Vanadates and chlorosilicates. 
Furthermore, the wavelength conversion material may addi 
tionally or alternatively comprise an organic material, which 
may be selected from a group comprising perylenes, ben 
Zopyrenes, coumarins, rhodamines and azo dyes. Further 
examples and embodiments are described in patent applica 
tion DE 102007049005.6, the disclosure content of which is 
hereby included by reference. The wavelength conversion 
layer may comprise Suitable mixtures and/or combinations of 
the stated wavelength conversion materials. It this way it may 
for example be possible for the wavelength conversion layer, 
as described above, to absorb in a blue first wavelength range 
and to emit in a second wavelength range, which comprises 
green and red wavelengths and/oryellow wavelength ranges. 
The wavelength conversion material may be present at 

least partially in the form of particles, which may have a size 
of from 2 to 10 um. Furthermore, in addition to the above 
described conversion property, the particles may be suitable 
for at least partially scattering the primary radiation and/or 
the secondary radiation. Thus, a wavelength conversion mate 
rial may be designed simultaneously as a light centre, which 
partially absorbs radiation from the primary radiation and 
emits secondary radiation, and as a scatter centre for the 
primary radiation and/or the secondary radiation. Such scat 
tering properties of a wavelength conversion material may 
thus lead to improved coupling out of radiation. The scatter 
ing action may for example also lead to an increase in the 
absorption probability of primary radiation in the wavelength 
conversion layer, whereby a smaller layer thickness of the 
wavelength conversion layer may be sufficient to achieve the 
necessary conversion efficiency. Alternatively or in addition, 
scattering particles may also be admixed with the wavelength 
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4 
conversion material. In particular, the scattering particles may 
comprise for example a metal oxide, for instance titanium 
oxide or aluminum oxide. Such as for instance corundum, 
and/or glass particles. The scattering particles may here have 
diameters or grain sizes of less than one micrometer up to an 
order of magnitude of 10 um or even up to 100 um. 
The matrix material or the binder may be at least partially 

transparent with regard to the primary radiation and the sec 
ondary radiation and Suitable for Surrounding the wavelength 
conversion material and/or being chemically or adhesively 
bonded to the wavelength conversion material. The matrix 
material or the binder may comprise, for example, curable 
organic materials such as for instance siloxanes, epoxides, 
acrylates, methyl methacrylates, imides, carbonates, olefins, 
styrenes, urethanes or derivatives thereof in the form of 
monomers, oligomers or polymers and additionally also mix 
tures, copolymers or compounds therewith. For example, the 
matrix material or the binder may include or be an epoxy 
resin, polymethyl methacrylate (PMMA), polystyrene, poly 
carbonate, polyacrylate, polyurethane or a silicone resin Such 
as for instance polysiloxane or mixtures thereof. Alterna 
tively or in addition, the matrix material or the binder may 
also comprise inorganic materials. Advantageously, the 
refractive index of the matrix material or binder may here be 
conformed to that of the radiation-emitting layer sequence. 
The matrix material or binder may be cured by the evapo 

ration or vaporization of solvents or reaction products and/or 
by crosslinking reactions. Curing may here proceed by 
mechanical action, for instance application of pressure, by 
thermal action, for instance heating, by exposure to light, for 
instance irradiation with light in the ultraviolet to infrared 
wavelength range, by exposure to particles, for instance irra 
diation with electrons, and/or by addition of further materials, 
which are capable of bringing about a crosslinking reaction in 
the matrix material. 
The wavelength conversion material(s) may here be dis 

tributed homogeneously in the matrix material or, after appli 
cation of the binder, in the latter. Furthermore, the wavelength 
conversion layer may comprise a plurality of wavelength 
conversion materials which are arranged in different layers in 
the wavelength conversion layer. 

Furthermore, the wavelength conversion material(s) may 
be contained in the matrix material, which may be present in 
a liquid phase. The liquid matrix material comprising the 
wavelength conversion materials may then be applied to the 
carrier Substrate or shaped and developed in layers as a wave 
length conversion layer by drying and/or crosslinking pro 
cesses. Alternatively, it is also possible to vapor-deposit the 
matrix material comprising the wavelength conversion mate 
rial in the above-described method step B2” or the binder in 
the above-described method step B2. Furthermore, the matrix 
material comprising the wavelength conversion material may 
be cured thereafter by crosslinking reactions. 
The wavelength conversion material and/or the binder and/ 

or the matrix material comprising the wavelength conversion 
material may be applied over a large area or in laterally 
structured manner, for example by means of screen printing. 
“Laterally structured’ may here mean that Zones on the car 
rier substrate remain free of the wavelength conversion mate 
rial and/or of the binder and/or of the matrix material com 
prising the wavelength conversion material while other areas 
are covered thereby. This may make it possible to achieve a 
structured emission characteristic for the optoelectronic com 
ponent, by means of which information may be imparted to an 
observer for example by means of at least one symbol, letter 
and/or pictogram. 
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In a further method step, a Surface structure may be pro 
duced on at least one surface of the wavelength conversion 
layer. The Surface of the wavelength conversion layer may 
here preferably be a surface which, after arrangement of the 
wavelength conversion layer on the radiation-emitting layer 
sequence, is a Surface of the wavelength conversion layer 
remote from the radiation-emitting layer sequence. The Sur 
face structure may comprise roughened portions, trenches, 
prisms, lenses or truncated cones or combinations thereof, 
which may for example increase the coupling out of the 
primary radiation and the secondary radiation from the 
encapsulation arrangement. The Surface structure may here 
be produced in the matrix material, in the binder or in the 
carrier Substrate, depending on the configuration of the wave 
length conversion layer. The Surface structure may here be 
applied prior to method step C, namely arrangement of the 
wavelength conversion layer on the radiation-emitting layer 
sequence, by embossing, etching, roughening or laser erosion 
or a combination thereof. 

Alternatively or in addition, a further layer may be applied 
to the wavelength conversion layer, in which further layer the 
surface structure is formed. The further layer may comprise, 
for example, a material, for instance a polymer material, as 
stated above in relation to the matrix material. The wave 
length conversion layer with Surface structure may be 
arranged on the radiation-emitting layer sequence in Such a 
way that the Surface of the wavelength conversion layer com 
prising the Surface structure is a surface remote from the 
radiation-emitting layer sequence in the beam path of the 
primary radiation and secondary radiation. 

Furthermore, the wavelength conversion layer may be pro 
duced in any desired size and the size may be changed by 
cutting, stamping, breaking or sawing. In particular, the size 
of the wavelength conversion layer may be conformed to the 
size, in particular the areal extent, of the radiation-emitting 
layer sequence. In this way, production costs may be reduced, 
in particular for Small component sizes or component sizes 
which vary in the production process. 

In addition, at least one second wavelength conversion 
layer may be provided. To provide this, the at least one second 
wavelength conversion layer may be produced using a 
method which comprises one or more features of the method 
steps stated above in relation to the first wavelength conver 
sion layer. 

Furthermore, a plurality of identical or different wave 
length conversion layers may be provided, which may be 
arranged in the beam path of the primary radiation next to one 
another or one above the other as a stack of layers. To this end, 
wavelength conversion layers may be arranged next to one 
another or one above the other as a stack of layers prior to or 
after arrangement on the radiation-emitting layer sequence 
and adhesively bonded together or laminated. Alternatively or 
in addition, the first and the at least one second wavelength 
conversion layer may be arranged on various Surfaces of the 
radiation-emitting layer sequence. If the wavelength conver 
sion layers are applied for example in a laterally structured 
manner, graphic information Such as for instance symbols, 
letters and/or pictograms may be represented by a stack of 
layers with a plurality of different wavelength conversion 
layers. 

In one embodiment of the optoelectronic component, the 
radiation-emitting layer sequence is an organic radiation 
emitting layer sequence, in particular an organic, radiation 
emitting diode (OLED). An organic radiation-emitting layer 
sequence or an OLED may for example comprise a first 
electrode on a Substrate. A functional Zone with one or more 
functional layers consisting of organic materials may be 
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6 
applied over the first electrode, which may comprise the 
active Zone for emitting the primary radiation. The functional 
layers may here comprise for example electron transport lay 
ers, electroluminescent layers and/or hole transport layers. A 
second electrode may be applied over the functional layers. 
The Substrate may, for example, comprise glass, quartz, 

plastics films, metal, metal foils, silicon wafers or another 
suitable substrate material. If the OLED takes the form of a 
“bottom emitter', i.e. the radiation generated in the functional 
layers is emitted through the Substrate, the Substrate may 
advantageously exhibit transparency with regard to at least 
some of the first radiation. 

In the bottom emitter configuration the first electrode may 
advantageously also exhibit transparency with regard to at 
least Some of the primary radiation. A transparent first elec 
trode, which may take the form of an anode and thus serves as 
hole-injecting material, may for example comprise a trans 
parent conductive oxide or consists of a transparent conduc 
tive oxide. Transparent conductive oxides (“TCO' for short) 
are transparent, conductive materials, generally metal oxides, 
Such as for example Zinc oxide, tin oxide, cadmium oxide, 
titanium oxide, indium oxide or indium tin oxide (ITO). In 
addition to binary metal-oxygen compounds, Such as for 
example ZnO, SnO or In-O ternary metal-oxygen com 
pounds, such as for example Zn2SnO, CdSnO, ZnSnO, 
Mgn-O, GalnO, Zn-In-Os or InSnO2 or mixtures of 
different transparent conductive oxides also belong to the 
TCO group. Furthermore, TCOs do not necessarily corre 
spond to a stoichiometric composition and may be also p- or 
n-doped. 
The functional layers may comprise organic polymers, 

organic oligomers, organic monomers, Small organic, non 
polymeric molecules (“small molecules') or combinations 
thereof. It may in particular be advantageous for a functional 
layer to take the form of a hole transport layer, in order to 
allow effective hole injection into an electroluminescent layer 
or an electroluminescent Zone. Materials which may prove 
advantageous for a hole transport layer are for example ter 
tiary amines, carbazole derivatives, conductive polyaniline or 
polyethylene dioxythiophene. Furthermore, it may be advan 
tageous for a functional layer to take the form of an electrolu 
minescent layer. Materials suitable for this purpose are mate 
rials which comprise radiation emission based on 
fluorescence or phosphorescence, for example polyfluorene, 
polythiophene or polyphenylene, or derivatives, compounds, 
mixtures or copolymers thereof. Depending on the materials 
in the functional layers, the first radiation generated may 
comprise individual wavelengths or Zones or combinations 
thereof from the ultraviolet to red range of the spectrum. 
The second electrode may take the form of a cathode and 

thus serve as an electron-injecting material. Advantageous 
cathode materials may be inter alia in particular aluminum, 
barium, indium, silver, gold, magnesium, calcium or lithium 
and compounds, combinations and alloys thereof. In addition 
or alternatively, the second electrode may also be transparent 
and/or the first electrode may take the form of a cathode and 
the second electrode of an anode. This means in particular that 
the OLED may also take the form of a “top emitter'. 

Moreover, the OLED may comprise encapsulation, in 
order to provide the electrodes and the functional Zone with 
protection from moisture and/or oxidizing Substances such as 
for instance oxygen. The encapsulation may here surround 
the entire OLED including the substrate. Alternatively or in 
addition, the Substrate may form part of the encapsulation. 
The encapsulation may here comprise one or more layers, 
wherein the layers of the encapsulation may be for example 
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planarizing layers, barrier layers, water- and/or oxygen-ab 
Sorbing layers, connecting layers or combinations thereof. 

Furthermore, the radiation-emitting sequence of layers 
may comprise an epitaxial layer sequence, i.e. an epitaxially 
grown semiconductor layer sequence. In this case, the semi 
conductor layer sequence may for example be based on an 
inorganic material, for instance InGaAlN, for instance in the 
form of a GaN thin film semiconductor layer sequence. 
InGaAlN-based semiconductor layer sequences in particular 
include those in which the epitaxially produced semiconduc 
tor layer sequence, which generally comprises a layer 
sequence of different individual layers, contains at least one 
individual layer which comprises a material from the III-V 
compound semiconductor material system In, AlGaN 
with 0sXs 1,0sys1 and X-ys 1. 

Alternatively or in addition, the semiconductor layer 
sequence may also be based on InGaAlP, i.e. the semiconduc 
tor layer sequence may comprise different individual layers, 
of which at least one individual layer comprises a material 
from the III-V compound semiconductor material system 
In, AlGa-P with 0<x<1,0sys1 and x+ys1. Alternatively 
or in addition, the semiconductor layer sequence may also 
comprise other III-V compound semiconductor material sys 
tems, for example an AlGaAs-based material, or II-VI com 
pound semiconductor material systems. 
The radiation-emitting layer sequence taking the form of 

an epitaxial layer sequence may here be arranged on a Sub 
strate as the organic radiation-emitting layer sequence 
between the first and second electrodes and/or comprise 
encapsulation. 
The first wavelength conversion layer and/or the at least 

one second wavelength conversion layer may here be 
arranged on the Surface of the Substrate or the encapsulation 
remote from the active Zone. 

It is possible, with a method having the above-described 
features, to provide for example different wavelength conver 
sion layers with different dimensions such as thickness and 
area and with different mixtures and concentrations of the 
wavelength conversion material, which may be selected 
depending on requirements and combined with other wave 
length conversion layers in order to produce different-colored 
optoelectronic components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1E show schematic representations of a 
method of producing an optoelectronic component according 
to one exemplary embodiment, 

FIGS. 2A to 2E show schematic representations of a 
method of producing an optoelectronic component according 
to a further exemplary embodiment, 

FIGS. 3A to 3C show schematic representations of a 
method of producing an optoelectronic component according 
to yet another exemplary embodiment; and 

FIGS. 4A to 4D are schematic representations of optoelec 
tronic components according to further exemplary embodi 
mentS. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In the exemplary embodiments and figures, identical or 
identically acting constituents may in each case be provided 
with the same reference numerals. The elements illustrated 
and their size ratios to one another should not in principle be 
regarded as being to scale, but rather individual elements, 
Such as for example layers, components, structural elements 
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8 
and Zones, may have been made exaggeratedly thick or large 
to illustrate them better and/or to make them easier to under 
stand. 
The following Figures show a radiation-emitting layer 

sequence 1 which comprises a Substrate 11, on which a first 
electrode 12 and functional layers with an active Zone 13 are 
arranged, with a second electrode 14 arranged thereover. As a 
result of the application of an electric current between the first 
and second electrodes 12, 14 the active Zone emits electro 
magnetic, blue-colored primary radiation. Encapsulation 15 
is arranged on the substrate 11 over the electrodes 12, 14 and 
the active Zone 13, which encapsulation protects the elec 
trodes 12, 14 and the active Zone 13, together with the sub 
strate 11, from harmful influences such as for instance oxygen 
and/or moisture. 
The radiation-emitting layer sequence 1 may here take the 

form both of an organic radiation-emitting layer sequence, in 
particular an organic light-emitting diode (OLED), oran inor 
ganic radiation-emitting layer sequence, in particular with an 
inorganic epitaxial layer sequence, as described in the general 
section. Solely by way of example, the following exemplary 
embodiments show an OLED as the radiation-emitting layer 
sequence 1, which takes the form of a bottom emitter. 
The exemplary embodiment according to FIGS. 1A to 1E 

illustrates a method of producing an optoelectronic compo 
nent 100. In a first method step in FIG. 1A, a radiation 
emitting layer sequence 1 as described above is provided. 

FIGS. 1B to 1D show method steps for providing a first 
wavelength conversion layer 2. In this case, as FIG.1B shows, 
a carrier substrate 20 is provided, which in the exemplary 
embodiment illustrated takes the form of a plastics film. A 
wavelength conversion material 21 is sprayed onto the carrier 
substrate 20. The wavelength conversion material 21 is suit 
able for converting part of the primary radiation into electro 
magnetic, yellow-colored secondary radiation. By mixing the 
blue primary radiation and the yellow secondary radiation, 
the optoelectronic component 100 may give the impression of 
white-colored light when in operation. 

In a further method step according to FIG. 1C, a binder 
material 22, in the exemplary embodiment shown a silicone 
or epoxy resin, is applied onto the carrier substrate 20 and the 
wavelength conversion material 21 and cured in a further 
method step according to FIG. 1D, whereby the first wave 
length conversion layer 2 is provided. In the method steps 
according to FIGS. 1B to 1D, the processes described in the 
general section may be applied and materials may be used 
which would harm the radiation-emitting layer sequence 1. 
The binder 22 may be curable for example by means of UV 
light. Because the wavelength conversion layer 2 is produced 
and provided independently of the radiation-emitting layer 
sequence 1, simpler and cheaper production may beachieved, 
since the method steps do not have to be adapted to be com 
patible with the radiation-emitting layer sequence 1. 
The first wavelength conversion layer 2 may optionally be 

adapted to the radiation-emitting layer sequence by cutting 
the area thereof to size (not shown). 

In a further method step according to FIG. 1E, the first 
wavelength conversion layer 2 is arranged on the radiation 
emitting layer sequence 1 on the Surface of the Substrate 
remote from the active Zone and adhesively bonded thereto by 
means of an adhesive layer 3, which consists of an epoxy 
CS1. 

The exemplary embodiment according to FIGS. 2A to 2E 
illustrates a further method of producing an optoelectronic 
component 200. In a first method step in FIG. 2A, a radiation 
emitting layer sequence 1 as described above is provided. 
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FIGS. 2B and 2C show method steps for providing a first 
wavelength conversion layer 2. In this case, as FIG.2B shows, 
a carrier substrate 20 is provided, which in the exemplary 
embodiment illustrated takes the form for example of small 
glass sheets or plastics film. A previously provided mixture of 
a matrix material 22, which comprises a transparent polymer 
as described in the general Section, and a wavelength conver 
sion material 21 is applied onto the carrier substrate 20 and 
shaped into a layer. The first wavelength conversion layer 2 is 
produced by means of a curing step, as shown in FIG. 2C. 

In a further method step (FIG.2D), a surface structure 50 in 
the form of microprisms produced in a surface 5 of the wave 
length conversion layer 2, namely a Surface of the matrix 
material 22. 

In a further method step according to FIG. 2E, the wave 
length conversion layer 2 is arranged on and attached to the 
previously provided radiation-emitting layer sequence 1 by 
means of clamping devices 4. 
The exemplary embodiment according to FIGS. 3A to 3C 

illustrates a further method of producing an optoelectronic 
component 300. In a first method step in FIG.3A, a radiation 
emitting layer sequence 1 as described above is provided. 

According to a further method step, in FIG.3B a mixture of 
a liquid matrix material 22 and a wavelength conversion 
material 21 is provided and shaped and cured by means of a 
molding process 9 such as for instance injection molding to 
yield a planar wavelength conversion layer 2. A Surface struc 
ture as in the previous exemplary embodiment may then be 
produced for example by the selected injection mould in at 
least one surface of the wavelength conversion layer 2 (not 
shown). 

In a further method step according to FIG. 3C, the wave 
length conversion layer 2 is laminated onto the radiation 
emitting layer sequence 1 and joined thereto by exposure to 
pressure and heat. In addition, an adhesive layer may be also 
arranged to this end between the radiation-emitting layer 
sequence and the wavelength conversion layer 2 (not shown). 
The exemplary embodiments according to FIGS. 4A to 4D 

show further optoelectronic components 400, 401, 402 and 
403, which may be produced by means of one of the methods 
previously shown. 
The optoelectronic component 400 here comprises a layer 

stack consisting of a first wavelength conversion layer 2 and 
a second wavelength conversion layer 2, which are firstly 
produced and provided, then arranged into a layer stack and 
laminated and thereafter arranged on the radiation-emitting 
layer stack 1. 

In addition to the first wavelength conversion layer 2 on 
one surface of the radiation-emitting layer sequence 1, the 
optoelectronic component 401 comprises a second wave 
length conversion layer 2 on a further surface of the radiation 
emitting layer sequence 1. Such an embodiment is Suitable in 
particular for a bilaterally emitting radiation-emitting layer 
sequence 1, i.e. for instance for an OLED which simulta 
neously takes the form of a top emitter and a bottom emitter. 
Depending on the wavelength conversion material selected in 
the first and second wavelength conversion layers 2, 2" it is 
possible to give an observer the same or different light 
impression on the two sides. 
The optoelectronic component 402 according to FIG. 4C 

comprises a first wavelength conversion layer 2 and a second 
wavelength conversion layer 2", which are arranged next to 
one another on the radiation-emitting layer sequence 1. Thus, 
for example, the observer may be given a different light 
impression in different Zones of the optoelectronic compo 
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10 
nent 402 through the selection of different wavelength con 
version materials for the first or second wavelength conver 
sion layer 2, 2. 
As with the optoelectronic component 400 according to 

FIG. 4A, the optoelectronic component 403 according to FIG. 
4D comprises a layer stack consisting of the wavelength 
conversion layer 2 and the wavelength conversion layer 2, the 
wavelength conversion material of each of the wavelength 
conversion layers 2 and 2' only covering one Zone of the 
Substrate. This enables polychromatic, structured emission 
for imparting graphic and/or symbolic information. 

In the exemplary embodiments shown, the first and second 
wavelength conversion layers 2, 2" may be produced by 
means of identical or different ones of the above-described 
method steps and identical or different matrix materials, 
binder materials and/or wavelength conversion materials. In 
addition to the respective first wavelength conversion layers 2 
and 2 of the exemplary embodiments shown, further wave 
length conversion layers and layer stacks with wavelength 
conversion layers may be arranged in the beam path of the 
primary radiation of the radiation-emitting layer sequence 1. 
The description made with reference to exemplary 

embodiments does not restrict the invention to these embodi 
ments. Rather, the invention encompasses any novel feature 
and any combination of features, including in particular any 
combination of features in the claims, even if this feature or 
this combination is not itself explicitly indicated in the claims 
or exemplary embodiments. 
The invention claimed is: 
1. A method of producing an optoelectronic component, 

comprising the steps of 
A) providing an encapsulated radiation-emitting layer 

sequence having an active Zone, which emits electro 
magnetic primary radiation during operation; 

B) providing a first wavelength conversion layer, which 
converts the primary radiation at least partially into elec 
tromagnetic secondary radiation, the first wavelength 
conversion layer and the encapsulated radiation-emit 
ting layer sequence being produced separately from one 
another, and 

C) arranging the first wavelength conversion layer on the 
encapsulated radiation-emitting layer sequence in a 
beam path of the primary radiation by clamping after 
production of the first wavelength conversion layer and 
after production of the encapsulated radiation-emitting 
Sequence. 

2. The method according to claim 1, wherein step B com 
prises the following Sub-steps: 

B1) applying a wavelength conversion material to a carrier 
Substrate, 

B2) applying a binder to the carrier Substrate, and 
B3) curing the binder to fix the wavelength conversion 

material in place. 
3. The method according to claim 2, wherein in step B1 the 

wavelength conversion material is applied by one of spraying, 
printing and dusting. 

4. The method according to claim 2, wherein curing pro 
ceeds thermally by one of irradiation with light, irradiation 
with electrons and chemical reaction. 

5. The method according to claim 2, wherein in step B only 
Zones of the carrier substrate are coated with the wavelength 
conversion material. 

6. The method according to claim 1, wherein step B com 
prises the following Sub-steps: 

B1") providing a mixture of a wavelength conversion mate 
rial and a matrix material, 

B2') applying the mixture to a carrier Substrate, and 
B3') curing the mixture. 
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7. The method according to claim 1, wherein step B com 
prises the following sub-steps: 

B1") providing a mixture of a wavelength conversion mate 
rial and a matrix material, 

B2") shaping a film or sheet from the mixture, and 
B3") curing the mixture to yield the first wavelength con 

version layer. 
8. The method according to claim 7, wherein the shaping in 

Step B2" proceeds by at least one of injection molding, trans 
fermolding, compression molding, extrusion, rolling and foil 
drawing. 

9. The method according to claim 1, wherein, prior to 
method step C, step B comprises the following sub-step: 

B4) producing a surface structure in at least one surface of 
the wavelength conversion layer, 
wherein roughened portions, trenches, prisms, lenses or 

truncated cones may be produced as surface struc 
tures. 

10. The method according to claim 9, wherein in step B4 
the surface structures are produced by at least one of emboss 
ing, etching, roughening and laser erosion. 

11. The method according to claim 1, wherein step B 
comprises the following further sub-step: 

B5) changing a size of the first wavelength conversion 
layer by one of cutting, stamping, breaking and sawing. 

12. The method according to claim 1, wherein steps B and 
C are additionally performed for at least one second wave 
length conversion layer. 

13. The method according to claim 12, wherein the first 
wavelength conversion layer and the at least one second 
wavelength conversion layer are arranged on mutually differ 
ent surfaces of the encapsulated radiation-emitting layer 
sequence in the beam path of the primary radiation. 

14. The method according to claim 12, wherein the first 
wavelength conversion layer and the at least one second 
wavelength conversion layer are arranged over one another 
on the encapsulated radiation-emitting layer sequence in the 
beam path of the primary radiation. 

15. The method according to claim 1, wherein the step A of 
providing the encapsulated radiation-emitting layer sequence 
comprises the following further sub-steps: 
A1) arranging a first electrode, functional layers with an 

active Zone, and a second electrode on a substrate, and 
A2) arranging an encapsulation on the substrate covering 

the first electrode, the functional layers and the second 
electrode. 

16. The method according to claim 15, wherein the sepa 
rately produced first wavelength conversion layer is arranged 
on one of the substrate and the encapsulation on a surface 
remote from the first electrode, the functional layers and the 
second electrode. 

17. A method of producing an optoelectronic component, 
comprising the steps of: 
A) providing an organic radiation-emitting layer sequence 

with a first electrode, functional layers with an active 
Zone and a second electrode arranged on a substrate and 
covered by an encapsulation on the substrate, the active 
Zone emitting electromagnetic primary radiation during 
operation; 
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12 
B) providing a first wavelength conversion layer, which 

converts the primary radiation at least partially into elec 
tromagnetic secondary radiation, the first wavelength 
conversion layer and the organic radiation-emitting 
layer sequence being produced separately from one 
another, and 

C) arranging the first wavelength conversion layer on the 
organic radiation-emitting layer sequence in a beam 
path of the primary radiation on one of the substrate and 
the encapsulation on a surface remote from the first 
electrode, the functional layers and the second electrode 
by clamping after production of the first wavelength 
conversion layer and after production of the radiation 
emitting layer sequence. 

18. A method of producing an optoelectronic component, 
comprising the steps of: 
A) providing an encapsulated radiation-emitting layer 

sequence having an active Zone, which emits electro 
magnetic primary radiation during operation, wherein 
providing the encapsulated radiation-emitting layer 
sequence comprises the following sub-steps: 
A1) arranging a first electrode, functional layers with an 

active Zone, and a second electrode on a substrate, and 
A2) arranging an encapsulation on the substrate cover 

ing the first electrode, the functional layers and the 
second electrode: 

B) providing a first wavelength conversion layer, which 
converts the primary radiation at least partially into elec 
tromagnetic secondary radiation, the first wavelength 
conversion layer and the encapsulated radiation-emit 
ting layer sequence being produced separately from one 
another, wherein providing the first wavelength conver 
sion layer comprises sub-steps B1 to B3 or B1 to B3', 
with: 
B1) applying a wavelength conversion material to a car 

rier substrate, the carrier substrate being different 
from the encapsulation and being provided separately 
from the encapsulated radiation-emitting layer 
Sequence, 

B2) applying a binder to the carrier substrate, and 
B3) curing the binder to fix the wavelength conversion 

material in place; and 
B1") providing a mixture of a wavelength conversion 

material and a matrix material, 
B2') applying the mixture to a carrier substrate, the car 

rier substrate being different from the encapsulation 
and being provided separately from the encapsulated 
radiation-emitting layer sequence, and 

B3') curing the mixture; and 
C) arranging the first wavelength conversion layer by one 

of adhesive (i) bonding, (ii) lamination and (iii) clamp 
ing on the encapsulated radiation-emitting layer 
sequence in a beam path of the primary radiation after 
production of the first wavelength conversion layer and 
after production of the encapsulated radiation-emitting 
sequence. 

ck ck ck ci: C 
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