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WAVELENGTH-CONVERTING CASTING
COMPOSITION AND ITS USE

CROSS-REFERENCE TO RELATED
APPLICATION

This is a continuation of copending international appli-
cation PCT/DE97/02139, filed Sep. 22, 1997, which desig-
nated the United States.

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘The invention relates to a wavelength-converting casting
composilion based on a (ransparenl epoxy casting resin
which is mixed with a luminous substance, for an electrolu-
minescent component having a body that emits ultraviolet,
blue or green light.

2. Description of the Related Art

A component of that type has become known, for
instance, from German published, non-prosecuted patent
application DE 38 04 293. The reference describes an
arrangement with an clectroluminescent diode or laser
diode, in which the emissions spectrum emitted by the diode
is shifled toward longer wavelengths, by means of a plastic
element mixed with a fluorescing, light-converting, organic
colorant. The light emitted by the arrangement as a resull has
a dilferent color {rom what the light emilting diode emitled.
Depending on the type of colorant added to the plastic, it is
possible to produce LED arrays that light up in different
colors with one and the same type of light-emitting diode
(LED).

In many polential applications for LEDs, such as in
display elemeants in motor vehicle dashboards, illumination
in aircraft and autornobiles, and in 1.LED displays capable of
showing full color, there is an increasing demand for LED
arrays with which mixed color light and in particular white
light can be generated.

However, the prior art casling compositions of the type
referred to at the outset with organic luminous substances
exhibit a shift in the color location, that is, the color of the
light emitted by the electroluminescent component, under
temperalure and lemperature/humidity stresses.

Japanesc patent disclosure JP-07 176 794-A describes a
white-light-emilting planar light source, in which (wo diodes
that emit blue light are disposed on one face end of a
lrapsparent plate and emit light inlo the transparent plate.
The transparent plate is coated on one of the two opposed
main sides with a fluorescing substance that emits light

when it is excited with the blue light of the diodes. The light :

emitted by the fluorescing substance has a different wave-
length from the blue light emitted by the diodes. In this
known component, it is especially difficult to apply the
fluorescing substance in such a way that the light source

emils homogencous white light. Moreover, replicabilily and s

mass production presents major problems, because cven
slight fluctuations in the layer thickness of the fluorescing
layer, lor inslance [rom irregularities of the surface of the
transparent plate, cause a change in the white of the light
cmitted.

SUMMARY OF THE INVENTION

It is accordingly an object of the invention to provide a
wavclength-converting casting mass, which overcomes the
above-mentioned disadvantages of the prior art devices and
methods of this general type and with which electrolumi-
nescent components can be produced that emit homoge-
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neous mixed-colored light, and which enables mass produc-
tion at rcasonable cngincering cffort and cxpensc and with
maximally replicable component characteristics. ‘The emit-
led light should be color-stable even under temperature and
temperature/humidity stresses. It is a further object lo
specifly a use for the casling mass and a method for produc-
ing the composition.

With the foregoing and other objects in view there is
provided, in accordance with the invention, a wavelength-
converling casling composition, for converting a wavelength
of ultraviolet, blue or green light emitted by an electrolu-
minescent component, comprising:

a transparent epoxy casting resin;

an inorganic luminous substance pigment powder dis-

persed in the transparent epoxy resin, the pigment
powder comprising luminous substance pigmealts from
a phosphorus group having the general formula
A3BsX, M

the luminous substance pigments having grain sizes =20

wum and a mean grain diameter d;,=5 um.

In accordance with an added feature of the invention, the
mean grain diameter ds, of the luminous substance pigments
is between one and two micrometers.

Inorganic/mineral luminous substances are extremely
slable with regard to lemperature and lemperature/humidity
slresses.

In accordance with an additional feature of the invention,
the composition includes the following parts:

a) epoxy casting resinZ60% by weight;

b) luminous substance pigments>0 and =25% by weight;

¢) thixolropic agenl>0 and =10% by weight;

d) mineral diffusor>0 and £10% by weight;

e) processing adjuvani>0 and =3% by weight;

f) hydrophobic agent>0 and =3% by weight; and

) adhesion promoters>0 and £2% by weight.

Suitable epoxy casting resins are described for instance in
German published, non-prosecuted patent application 26 42
465 (pp. 4-9, in particular examples 14), and in Curopean
patent disclosure EP 0 039 017 (pp. 2-5, in particular
examples 1-8). The disclosurcs of those documents arc
hereby expressly incorporated by reference.

Pyrogenic silicic acid is for instance used as the thixo-
tropic agent. The (hixotropic agent is used to thicken the
epoxy casting resin, so as Lo reduce the sedimentation of the
luminous substance pigment powder. The flow and wetting
properties are also adjusted for processing the casling resin.

CaF, is preferably used as a mincral diflusor for optimiz-
ing the luminous patlern of the component.

Glycal cther is for instance suilable as a processing
adjuvant. It improves the compatibility between the epoxy
casting resin and the luminous substance pigment powder
and is thus used to stabilize the dispersion of luminous
substance pigment powder and epoxy casting resin. To that
end, surface modifiers based on silicone can also be
employed.

The hydrophobic agent, such as liquid silicone wax, is
also used to modify the pigment surface; in particular, the
compatibility and wettability of the inorganic pigment sur-
face is improved with the organic resin.

The adhesion promoler, such as (unclional
alkoxysiloxane, improves the adhesion between the pig-
ments and the cpoxy resin in the cured state of the casting

5 composition. As a result it is attained that the boundary face

between the epoxy resin and the pigments will not rupture,
for instance in response to temperature fluctuations. Gaps
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between Lhe epoxy resin and the pigments would cause light
losses in the component.

The epoxy casting resin, preferably with a reactive triple
oxiran ring, preferably includes a monofunctional and/or
multifunctional cpoxy casling resin system (280% by
weight, such as bisphenol-A-diglycidyl cther), a reactive
diluent (£10% by weight, such as aromatic monoglycidyl
cther), a multifunctional alcohol (£5% by weight), a degas-
sing agent based on silicone (£1% by wcight), and a
decolorizing component to adjust the color number (1%
by weight).

In accordance with another feature of the invention, the
luminous substance pigments are substantially spherical
particles or flakelike particles. The tendency to clumping of
such pigments is advantageously very slight. The H,O
content is below 2%.

In the production and processing of epoxy casling resin
components with inorganic luminous substance pigment
powders, in general not only wetting bui also sedimentation
problems occur. Especially luminous substance pigment
powders with ds=5 um have a strong tendency to clump-
ing. In the last-pamed composition of the casting
composition, the luminous subslance pigments, with the
above-indicated particle size, can advanlageously be sub-
stantially frece of clumps and can be dispersed homoge-
neously in the epoxy casting resin. This dispersion is slable
even under long-term storage of the casting composition.
Iissentially no problems of welling and/or sedimentation
OCCUL

In accordance with a further [eature of the invention, the

luminous substance pigments are particles of Ce-doped

garnets, such as, particularly, YAG:Ce particlcs. An advan-
tageous dopant concentration is 1%, for example, and an
advantageous luminous substance concentration is 12%, for
example. The preferred high-purity luminous substance pig-
ment powder also advantageously has an iron content of £5
ppm. A high iron content leads to high light losses in the
componen!. The luminous substance pigment powder is
highly abrasive. The iron content in the casting composition
can therefore rise considerably during production. Iron con-
tents in the casling composition<20 ppm arc advanlageous.

'The inorganic luminous substance YAG:Ce has the par-
ticular advantage, among others, Lhal this involves insoluble
color pigmenis with an index of refraction of approximately
1.84. As a result, along with the wavelength conversion,
dispersion and scatierng eflects oceur that lead to good
mixing of bluc diode cmissions with vellow converter
radiation.

It is also especially advanlageous that the luminous sub-
slance concentration in the epoxy resin when inorganic

luminous substance pigments are used is not limited by the

solubility, as is the case for organic colorants.

For further reduction of clumping, the luminous substance
pigments may advantageously be provided with a silicone
coating,.

Wilh the above and other objects in view there is also
provided, in accordance with the invention, a method of
producing a wavelength-converling casting composition, for
converting a wavelength of ultraviolet, blue or green light
cmitted by an cloctroluminescent componcent, the method
which comprises:

providing a base of transparent epoxy casting resin;

providing a luminous substance pigment powder of lumi-

nous substance pigments from a phosphorus group
having the general formula A;BsX,,:M;

tempering the luminous substance pigment powder at a

temperature of 2200° C. and subsequently mixing the
tempered pigment powder with the epoxy casting resin.
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Tempering is preferably eflecled for approximalely ten
hours. As a rcsult, again the tendency to clumping can be
reduced.

As an alterpative or in addition for this purpose, the
luminous subslance pigment powder, before being mixed
wilh the cpoxy casting resin, can be slurried in a higher-
boiling alcohol and subsequently dried. A further possibility
for reducing clumping is to add a hydrophobic silicone wax
to the luminous substance pigment powder before the pow-
der is mixed with the cpoxy casting resin. Surface stabili-
zation of the phosphors by heating the pigments in the
presence of glycol ethers, for instance for 16 hours at T>60°
C., is especially advantageous.

To avoid problematic contamination upon dispersal of the
luminous substance pigmenls, caused by abrasion, reaclion
vessels, agitators and dispersing devices as well as rolling
mechanisms of glass, corundum, carbide and nitride mate-
rials as well as especially hardened types of steel are used.
Clump-free luminous substance dispersions are also
obtained by ultrasonic methods or by the use of screens and
glass ceramic frits.

An especially preferred inorganic luminous substance for
producing oploclectronic components that light up while is
the phosphorous YAG:Ce (Y;Al;0,.:Ce®"). This phospho-
rous can be especially simply mixed with transparcnt cpoxy
casting resins conventionally used in LED technology. Also
conceivable as luminous substances are other garnets, doped
with rare earths, such as Y,Ga;0,,:Ce®*, Y(AlGa)
50,2:Ce™, and Y(ALGa);0,,:Th>*.

To generate mixed-colored light, the thiogallates doped
with rare earths are moreover especially suitable, examples
being CaGa.8,:Ce® and SrGa,S,:Ce*. Once again, the use
of aluminates doped with rare earths, such as YA]03:C63+,
YGu0;:Ce™, Y(ALGa)0,:Ce™, and orlhosilicates doped
with rare earths, M,SiO5:Ce** (M:Sc,Y,Sc), such as
Y,Si05:Ce™ is conceivable. In all the yirium compounds,
the ytirium can in principle also be replaced with scandium
or lanthanum.

Therefore, in the phosphorous group A;BsX,:M, the
variables may stand for the following exemplary elements:
A=Y, Ca, Sr; B =Al, Ga, Si; X=0, S; and M=Ce?*, Tb>*.

Preferably, the casting composition according to the
invention is used in a radiation-emitling semiconductor
body, in particular with an active semiconduclor layer or
scmiconductor layer scquence of GaIn, N or Ga,Al, N,
which in operation emits an electromagnetic radiation of the
ultraviolet, blue and/or green spectral range. The luminous
subslance particles in Lhe casting composition convert some
of the radiation originating in this speetral range inlo radia-
tion with a longer wavelength, in such a way that the
semiconductor component cmils mixed radiation, and in
particular mixed-colored light comprising this radiation as
well as radiation from the ultraviolet, bluc and/or green
spectral range. This means for instance that the luminous
substance particles spectrally selectively absorb some of the
radiation emitted by the semiconductor body and emit in the
longer-wave range. Preferably, the radiation emitted by the
semiconduclor body has a relative maximum intensily at a
wavelength lambda #=520 nm, and the wavelength range
spectrally selectively absorbed by the luminous substance
particles is outside this maximum intensity.

It is also advantageously possible for a plurality of
different kinds of luminous substance particles, which emit
at different wavelengths, to be dispersed in the casting
composition. This is preferably achieved by means of dif-
ferent doping in different host lattices. This advantageously
makes it possible 1o generate manifold color mixtures and
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color lemperatures of the light emitied by the component.
This is especially of interest for LEDs capable of emitting
full color.

In a preferred use of the casting composition of the
invention, a radialion-emitling semiconductor body (such as
an LED chip) is at least partly cnclosed by the casting
composition. The casling composition is preferably simul-
tancously used as a component cnvelope (housing). The
advantage of a scmiconduclor component in accordance
with this embodiment is essentially that conventional pro-
duction lines used to make conventional TLEEDs (such as
radial 1.LEDs) can be uscd to produce it. For the component
envelope, instead of the transparent plastic used for this
purpose in conventional LEDs, the casting composition can
simply be employed.

With the casling composition of the invention, it is
possible in a simple way, with a single colored light source,
particularly an LED with a single semiconductor body that
cmits bluc light, to create mixed-colored and in particular
white light. For instance to generate white light with a
semiconductor body that emits blue light, some of the
radiation emitted by the semiconductor body is converled
oul of the blue spectral range into the yellow speciral range,
which is complementary in color to blue, by means of
inorganic luminous substance particlcs.

‘The color temperature or color location of the white light
can be varied by a suitable choice of the luminous substance,
its particle size, and ifs concentration. In addition, luminous
substance mixiures can also be employed, and as a result
advanlageously the desired tonality ol the color of the
emitted light can be adjusted very precisely.

Espccially preferably, the casting composition is used in
a radiation-emitting semiconductor body in which the emit-
ted radiation specirum has a maximum intensity at a wave-
length between 420 nm and 460 nm, and in particular at 430
nm (examples being semiconductor bodies based on Ga, Al .
#N) or 450 om (such as semiconductor bodies based on
GaJIn, N). With such a semiconductor component, nearly
all the colors and mixed colors in the CIE chromaticity
diagram can advantageously be generated.

Tnstead of the radiation-cmilling semiconductor body of
electroluminescing semiconductor material, however, some
other electroluminescing material may be used, such as
polymer material.

With the objects of the invention is view there is further
provided, in accordance with Lhe invention, a lighl-emilting
semiconductor componcent, comprising:

a semiconductor body formed of a semiconductor layer

sequence and being capable, during an operation of the
semiconductor component, of emitting electromagnetic

radiation in at Jeast onc of an ultraviolet, blue, and s

green spectral range;

a wavelength-converting casting composition disposed in
a vicinity of the semiconductor body, the casting com-
position being formed of a transparent epoxy casting

resin and an inorganic luminous substance pigment s

powder dispersed in the transparent cpoxy resin, the
pigment powder comprising luminous substance pig-
ments [rom a phosphorus group having the gencral
formula A;B;X,.:M and having grain sizes<20 um
and a mean grain diameter dg, =5 um;

the luminous substance pigments converting a portion of
the radiation originating [rom the ultraviolet, blue and
green spectral range into radiation of a higher
wavclength, such that the scmiconductor component
emils mixed radiation including the higher-wavelength
radiation and radiation from at least one of the
ultraviolet, blue and green spectral range.
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In other words, the casting composition is especially
suitable for a light-emitling scmiconductor component (for
instance an LED), in which the electroluminescing semi-
conductor body is disposcd in a recess of a prefabricated
housing, optionally already provided with a leadframe, and
the recess 1s provided with the casting composition. This
kind of semiconductor component can be produced in great
numbers on conventional production lines. All that is
needed, after mounting of the semiconductor body in the
housing, is to fill the recess with the easting composition.

A semiconductor component that emits white light can be
produced with the casting composition according to the
invention advanlageously by choosing the luminous sub-
stance in such a way that a blue radiation emitted by (he
semiconduclor body is converted inlo complemenlary wave-
length ranges, in particular blue and yellow, or additive color
iriads, such as blue, green and red. The yellow or green and
red light is generated via the luminous subslances. 'The color
tonality (color location in the CIE chromaticity diagram) of
the white light thus produced can then be varied by means
of a suitable choice of the luminous substance or luminous
substances in terms of their mixture and concentration.

To improve the mixing of the radiation emitted by an
electroluminescing semiconductor body with the radiation
converted by the luminous substance and thus to improve
the homogeneity of color of the light emitted by the
component, in an advantageous feature of the casling com-
posilion according to the invention a blue-luminescing
colorant, which attenuates a so-called directional character-
istic of the radiation emitted by the semiconductor body. The
term “directional characteristic” is understood to mean that
the radiation emitled by the semiconductor body has a
preferential emission direction.

A scmiconductor component according to the invention
that emits whilte light, with an electroluminescing semicon-
ductor body emitting blue light, can be especially preferably
achieved by admixing the inorganic luminous substance
YAG:Ce (Y;3Al50,,:Ce®) with the epoxy resin used for the
casting composition. Some of the blue radiation emitted by
the semiconductor bady is shifted by the inorganic luminous
substance (Y;Al;0,,:Ce") into the yellow spectral range
and thus into a wavelength range that is complementary in
color to the color blue. The color tonality (color location in
the CIE chromalicity diagram) ol the white light can then be
varicd by mcans of a suitable choice of the colorant con-
centration.

In addition, light-scattering particles, so-called diffusers,
can be added to the casting composition. As a resull, the
color impression and the cmission characteristics of the
semiconductor component can advantageously be still fur-
ther optimized.

With the casting composition of the invention, advanta-
geously an ultraviolel radiation cmitted by an clectrolumi-
nescing semiconductor bady along with the visible radiation
can advantageously be converted into visible light. This
markedly increases the brightness of the light emitted by the
semiconductor body.

A particular advantage of semiconduclor componenls
according to the invention that emit white light, and in which
YAG:Ce is used in particular as the luminescence-
converting colorant, is that this luminous substance on
excilation with blue light causes a spectral shifl ol approxi-
mately 100 nm between absorption and emission. This leads
to a substantial rcduction and rcabsorption of the light
emitted by the luminous substance and thus to a higher Light
yield. Moreover, YAG:Ce advantageously has high thermal
and photochemical (such as UV) stability (substantially
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higher than organic luminous substances) so thal even
whitc-cmitting diodes for outdoor use and/or high tempera-
ture ranges can be produced.

YAG:Cc has by now proved itself to be the best-suitable
luminous substance in terms of reabsorption, light yield,
thermal and photochemical slabilily, and processabilily.
However, the use of other Ce-doped phosphors, in particular
Ce-doped types of garnet, is also conceivable.

The wavelength conversion of the primary radiation is
determined by the crystal ficld cleavage of the active tran-
sition metal centers in the host lattice. By substituting Gd
and/or Lu for Y, or Ga for Al in the Y;Al;0,, garnet lattice,
the emission wavelengths can be shifted in various ways,
and this can also be done by the type of doping. By
substituting Eu®* andjor Cr** for Ce™ cenlers, correspond-
ing shifts can be brought about. Corresponding dopings with
Nd>* and Er** even make il possible, because of the greater
ion radii and thus reduced crystal field cleavage, to make
components that emit infrared (IR) light. Other [eatures
which are considered as characteristic for the invention are
set forth in the appended claims.

Although the invention is illusirated and described herein
as cmbodicd in a wavelengih-converting casting
composition, its use, and method for its production, it is
nevertheless not intended (o be limited (o the details shown,
since various madifications and structural changes may be
made therein without departing from the spirit of the inven-
tion and within the scope and range of equivalents of the
claims.

The construction and method of operation of the
invention, however, together with additional objects and
advanlages thercol will be best understood from the follow-
ing description of specific embodiments when read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schemalic sectional view of a first semicon-
ductor component with a casting composition according to
the invention;

FIG. 2 is a schematic sectional view of a second semi-
conductor component with a casting composition according
to the invention;

FIG. 3 is a schematic sectional view of a third semicon-
ductor component with a casting composition according to
the invention;

FIG. 4 is a schematic sectional view of a fourth semicon-
ductor component with a casting composition according (o
the invention;

FIG. 5 is a schematic sectional view of a fifth semicon-
ductor component with a casling composition according to
the invention;

FIG. 6 is a graph of an cmission spectrum of a scmicon-
ductor body that emits blue light, with a layer sequence on
the basis of GaN;

FIG. 7 is a graph of thc emissions spectra of two scmi-
conductor components with a casting composition according
to the invention, which emit white light; and

TIG. 8 is a graph of the emissions spectra of further
semiconductor components that emil while light.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
Reference is now had to the figures of the drawing in

which elements that are identical or that function identically
are identified by the same reference numerals throughout. In
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the lighl-emitling semiconductor component of FIG. 1, the
scmiconductor body 1 is sccured by its back-side contact 11
lo a first electrical terminal 2 by means of an electrically
conductive joining mcans such as a mectal solder or an
adhesive. 'The front-side contact 12 is joined to a second
cleetrical terminal 3 by means of a bond wire 14.

The free surfaces of the semiconductor body 1 and
portions of the clectrical terminals 2 and 3 arc cnclosed
directly by a hardened, wavelength-converting casting or
potting composition 5. The casting composition preferably
has the following: epoxy casting resin 80 to 90% by weight,
luminous substance pigments (YAG:Ce)£15% by weight,
diethylene glycol monomethyl ether=2% by weight, Tego-
pren 6875-45=2% by weight, Aerosil 200=5% by weighl.

The exemplary embodiment of a semiconductor compo-
nent according to the invention shown in I1G. 2 differs from
that of FIG. 1 in that the scmiconductor body 1 in portions
of the clectrical terminals 2 and 3 arc cnclosed not by a
wavelength-converling potting mass but by a transparent
envelope 15. The transparent envelope 15 does nol cause
any changg in the wavelength of the radiation emitted by the
semiconductor body 1 and for instance comprises an epoxy,
silicone or acrylate resin conventionally used in LED
technology, or some other suitable radiation-permeable
malerial, such as inorganic glass.

A layer 4 is applied 1o the transparent envelope 15. The
layer 4 comprises a wavelength-converting casting compo-
sition and, as shown in FIG. 2, covers the enlire surlace of
the envelope 15. It is equally conceivable for the layer 4 to
cover only a porlion ol the surface. The layer 4 [or instance
comprises a transparenl epoxy resin which is mixed with
luminous substance particles 6. Once again, for a semicon-
ductor component that emits white light, YAG:Ce is pre-
ferred as the luminous substance.

FIG. 3 illustrates a particularly advantageous and pre-
[erred embodiment of the invention. The first and second
electrical terminals 2, 3 are embedded in an opaque, and
optionally prefabricated, basic housing 8 that has a recess 9.
The term “prefabricated™ is undersiood 1o mean (hal the
basic housing 8 is already finished at the terminals 2, 3, for
instance by means of injection molding, beflore the semi-
conductor body is mounted on the terminal 2. The basic
housing 8, by way of example, is formed of opaque plastic,
and in lerms of its form the recess 9 is embodied as a
reflector 17 for the radiation cmitted by the secmiconductor
body in operation (the reflection optionally being achieved
by means of suitable coaling of the inside walls of the recess
9). Such basic housings 8 are used in particular [or LEDs
that are surface-mounted on printed circuit boards. They are
applied, before mounting of the semiconductor body, to a
conduclor strip (lead frame) that has the electrical terminals
2, 3, the application for instance being done by injection
molding.

The recess 9 is filled with a casting composition 5, whose
composition is equivalent to that given above in conjunction
with the description of FIG. 1.

FIG. 4 shows a so-called radial diode. Here, the electrolu-
minescing semiconductor body 1 is secured, for instance by
soldering or adhesive bonding, in a part 16, embodied as a
reflector, of the first electrical lerminal 2. Such housing
constructions are known in LED technology and thereflore
require no further description here. The free surfaces of the
semiconductor body 1 are covered dircetly by a casting
composition § containing luminous substance particles 6,
and the casting composition in turn is surronnded by a
further transparent housing envelope 10.
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It will be apprecialed by those skilled in (he art that, in the
construction of FIG. 4 as wecll, analogously to the compo-
nent of FI1G. 1, an integral envelope comprising hardened
casting composition 5 with luminous substancc particles 6,
may also be used.

In the exemplary embodiment of FIG. 5, a layer 4 (see the
list of malcrials given above) is coated dircetly on the
semiconductor body 1. The scmiconductor body 1 and
portions of the electrical terminals 2, 3 are enclosed by a
fturther transparent housing envelope 10. The latter causes no
change in wavelength of the radiation that has passed
through the layer 4, and it is made for instance from a
transparent epoxy resin that is usable in LED technology, or
[rom glass.

Such semiconductor bodies 1 provided with a layer 4 and
without an envelope can naturally advantageously be used in
all the housing constructions known from LED tcchnology
(such as SMD housings, and radial housings; scc FIG. 4).

In all the components described above, in order to opti-
mize the color impression of the light emitted and to adapl
the emission characteristics, the casling composition 5,
optionally the transparent envelope 15, and/or optionally the
further transparcnt cnvelope 10 may have light-scattering
parlicles, advantageously so-called diffusers. Examples ol
such diffusers are mineral fillers, in particular CaF,, TiO,,
Sio,, CaCQOs, or BaSO,, or organic pigments. These mate-
rials can casily be added lo epoxy resins.

FIGS. 6-8 illusirale emissions speetra. FIG. 6 refers Lo a

semiconductor body that emits blue light (luminescence |

maximum at A~430 nm) and FIGS. 7 and 8 rcfer to semi-
conductor components that emit white light. In each case,
the wavelength A is plotied in nm on the abscissa, and a
relative electroluminescence (EL) intensity is plotted on the
ordinate.

Of the radiation emitted by the semiconductor body in
FIG. 6, only some is converled into a longer-wavelenglh
range. so that white light is created as the mixed color. The
dashed line 30 in FIG. 7 represents an emissions speclrum
of a semiconductor componcnt which emits radiation com-
prising two complementary wavelength ranges (blue and
yellow) and thus emils combined white light. The cmissions
spectrum here has one maximum each at wavelengths
between approximately 400 and approximately 430 nm
(blue) and between approximalely 550 and 580 nm (ycllow).
The solid line 31 represents the cmissions spectrum of a
semiconductor component that mixes the color while from
three wavelength ranges (addilive color triad comprising
blue, green and red). The emissions spectrum here has one

maximum each for the wavelengths of approximately 430 s

om (blue), approximately 500 nm (green) and approximalely
615 nm (red).

FIG. 8 shows an cmissions spectrum of a white-cmitting
semiconductor component, which is provided with a semi-

conductor body that transmits an emissions spectrum as 3

shown in FIG. 6 and in which TAG:Ce is used as the
luminous substance. Of the radiation shown in FIG. 6
emitled by the semiconductor body, only some is converted
into a longer-wavelength range, so that white light is created
as a mixed color. The variously dashed lines 32-33 of FIG.
8 represent emissions spectra of semiconductor components
according Lo the invention, in which the epoxy resin of the
casting composition 5 has different YAG:Ce concentrations.
Each cmissions spcctrum has onc maximum intensity
between lambda=420 nm and lambda=430 nom (i.¢., in the
blue spectrum), and belween lambda=520 om and lambda=
545 pm (i.e., in the green spectrum). The emission bands
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having the longer-wavelenglh maximum intensity are pre-
dominantly located in the yellow spectral range. The graph
of FIG. 8 shows that in the semiconductor component of the
invention, the CIE color location of the white light can be
varied in a simple way by varying the luminous substance
concenliralion in the cpoxy resin.

While the foregoing specification relers specifically 1o a
semiconductor body, for example ILED chips or lascr diode
chips, the invention is not in the least resiricted to lhese
embodiments. The term may also be understood 1o mean a
polymer LED, for instance, that emits an equivalent radia-
tion spectrum.

We claim:

1. A wavelengih-converling casting composition, [or con-
verting a wavelength of ultraviolet, blue or green light
emitled by an electroluminescent component, comprising:

a transparent epoxy casting resin;

an inorganic luminous substance pigment powder dis-
persed in said transparcnt cpoxy resin, said pigment
powder comprising luminous substance pigments from
a phosphorus group having the general formula
AsBsX,.:M, where A is an element selected from the
group consisting of Y, Ca, Sr; B is an element selected
from the group consisting of Al, Ga, Si; X is an element
selected from the group consisting of O and S; M is an
¢lement selecled [rom the group consisling ol Ce and
Th;

said luminous substance pigments having grain sizes=20
um and a mean grain diameter ds, =5 um.

2. The casting composition according to claim 1, wherein
said luminous substance pigments are substantially spherical
particles.

3. The casting composition according to claim 1, wherein
said luminous substance pigments are flakelike particles.

4. The casting composition according to claim 1, wherein
the mean grain diameter ds, of said luminous substance
pigments is belween one and two micrometers.

5. The casling composilion according Lo claim 1, which
comprises the following components:

a) cpoxy casting resinZ60% by weight;

b) luminous substance pigments>0 and =25% by weight;

¢) thixotropic agent>0 and =10% by weight;

d) mineral diffusor>0 and £10% by weight;

¢) processing adjuvant>0 and £3% by weight;

f) hydrophobic agent>0 and £3% by weight; and

g) adhesion promoters>0 and =2% by weight.

6. The casting composition according (o claim 1, wherein
said luminous substance pigments are particles of Ce-doped
garnets.

7. The casting composition according to claim 6, wherein
said luminous substance pigments are YAG:Ce particles.

8. The casting composition according 1o claim 1, which
comprises a content of iron=20 ppm.

9. The casting composition according to claim 1, wherein
said lurninous subslance pigments are formed wilh a silicon
coating.

10. A light-cmitting scmiconductor component, compris-
ing:

a semiconductor body formed of a semiconductor layer
sequence and being capable, during an operation of the
semiconductor component, of emitting ¢lectromagnetic
radiation in at lcast onc of an ultraviolct, bluc, and
green spectral range;

a wavelength-converting casting composition disposed m
a vicinity of said semiconductor body, said casting
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composilion being formed of a transparent epoxy cast-
ing resin and an inorganic luminous substance pigment
powder dispersed in said transparent epoxy resin, said
pigment powder comprising luminous substance pig-
ments from a phosphorus group having the gemeral s
formula A;BsX,,:M, where A is an clement scelected
from the group consisting of Y, Ca, Sr; B is an clement
selected from the group consisting of Al, Ga, Si; X is
an element selected from the group consisting of O and
S; M is an clement sclected from the group consisting
of Ce and Tb, and having grain sizes=20 ym and a
mean grain diameter ds, =5 m;

said luminous substance pigments converting a portion of
the radialion originating [rom the ultraviolet, blue and
green spectral range into radiation of a higher !
wavelength, such that the semiconductor component
emils mixed radiation including the higher-wavelength
radiation and radiation from at least one of the
ullraviolet, blue and green spectral range.
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11. The light-emitting semiconductor component accord-
ing to claim 10, wherein said casting composition encloses
at least a parl of said semiconductor body.

12. The light-emitting semiconductor component accord-
ing (o claim 10, wherein said semiconductor body is adapted
to emit radiation in a blue spectral range having a maximum
luminescence intensity at A=430 nm or al A=450 om.

13. The light-cmitting scmiconductor component accord-
ing (o claim 10, which further comprises an opaque base
housing having a recess formed therein, said semiconductor
body being disposed in said recess and said recess being at
least partially filled with said casting composition.

14. The light-emitting semiconductor component accord-
ing (o claim 10, wherein said casling composition is pro-
vided with various kinds of luminous substance pigments in
respect 10 a host laltice distrbution and a type and extent of
doping.
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