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Description

[0001] The present invention relates to a light emitting
device with a radiation emitting element which includes
a semiconductor. The device has a luminescent material
which is able to absorb a part of the radiation sent out by
the radiation emitting element and send out light with a
wavelength which is different from the wavelength of the
absorbed radiation.
[0002] Such devices are known from the state of the
art, whereby the radiation emitting element diode is typ-
ically in the form of a light emitting diode (short: light di-
ode, LED). As a rule, the radiation sent out by an LED
lies in the visible and/or ultraviolet (UV) region. The spec-
tral composition of this radiation depends particularly on
the semiconductor material employed. There are for ex-
ample LEDs which emit blue light.
[0003] Furthermore it is known to arrange in the direc-
tion of emission of the LED (in the following described in
simplified terms as "over" the LED) a luminescent mate-
rial in the form of particles distributed over space which
absorbs in part the radiation sent out by the LED and
sends out radiation in another wavelength range, as a
rule at longer wavelengths. For example UV radiation
which is sent out by the LED can be "transfomed" into
("visible") light by luminescent material particles. As a
luminescent material there is normally used for this pur-
pose particles of fluorescent material. Corresponding ar-
rangements are for example known from the documents
US 6,809,347 B2, US 2005/0077532 A1 and JP
10097201 A.
[0004] "Fluorescence" strictly speaking designates an
emission process from an S1 state into an S0 state, which
takes place in the 10 ns to 100 ns range. "Phosphores-
cence", in contrast, an emission process from a T1 into
an S0 state, which manifests itself in the Ps to ms range.
The collective term for the two processes is "lumines-
cence". In the following (for simplicity) under the term
"fluorescent", fluorescence and phosphorescence proc-
esses are to be understood.
[0005] For example there is known an equipment with
an LED which sends out blue light and has luminescent
material in the form of fluorescent particles which partly
absorb the blue light sent out by the LED and send out
yellow light, thus so to speak transform blue light into
yellow or "yellowish" light. In this context, there is also
known luminescent material which changes blue light into
green or "greenish" or red or "reddish" light. A combina-
tion of corresponding luminescent materials is also
known.
[0006] If one looks at such a light emitting device, then
there generally meets the eye of the observer light radi-
ated from the LED which leaves the device without wave-
length transformation by the fluorescent particles, that is
blue light, and for example also yellow light which is sent
out by the fluorescent particles. In this way there arises
a more or less distinct white light.
[0007] Thereby the phenomenon appears, that the col-

our impression of the light generally depends from which
direction the device is looked at. In particular there is
manifest a dependence on the angle Θ between the sur-
face normals of the (main) emission surface, that is the
surface of the active layer, i.e. the substrate surface of
the LED (briefly designated "surface normals of the LED"
in the following), and the direction from the device to the
eye of the observer. The reason for this lies in that the
light which exits to the outside directly from the LED with-
out wavelength transformation at the luminescent mate-
rial is emitted preferentially in a certain solid angle, and
to be more precise in a region around the surface normals
of the LED, whereas the light which is sent out by the
luminescent material particles is emitted more evenly to
all directions, thus quasi "isotropically". As a rule, this
substantially direction-independent radiation component
has two possible causes: either every individual lumines-
cent material particle sends out light independently of the
direction of emission or there arise - if the individual lu-
minescent material particles manifest a directional de-
pendence in emission characteristic - by reason of a ran-
dom orientation and distribution of the luminescent ma-
terial particles an overall isotropic superimpositioning of
this radiation. The device therefore emits approximately
like a diffuse spotlight according to Lambert’s law in this
wavelength range. Thus, this leads to the colour impres-
sion of the light emerging from the device depending on
the direction of observation, in particular upon the angle
Θ.
[0008] Additionally to this, an LED is typically substan-
tially cube-shaped which itself, that is solely due to the
geometric conditions, already brings about a nonuniform
emission characteristic.
[0009] To counteract this effect it is further known ad-
ditionally to arrange diffusing particles over the LED,
which more or less diffusely scatter the radiation sent out
by the LED and therefore weaken the angular depend-
ence of the intensity of the radiation sent out by the LED,
thus for example the blue light sent out. Altogether,
through this there arises a colour impression which less
strongly depends on the observation direction or on the
angle Θ.
[0010] A layer of casting material (also called "forming
material" in the following) normally serves for the posi-
tional fixing of the fluorescent particles and the diffusing
particles, in which material the particles are present spa-
tially distributed. As casting material resin is for example
employed, and to be more precise for example in the
form of epoxy resin, silicone or polyurethane resin or a
rubbery material, for example in the form of silicone. The
layer of casting material is often arranged lying directly
on the LED.
[0011] In Fig. 5 there is illustrated a schematic cross-
section through a corresponding device 100 in accord-
ance with the state of the art. The LED 101 is surrounded
by a forming material 102, for example epoxy resin, with
finely distributed luminescent material particles and dif-
fusing particles therein (not illustrated). The forming ma-
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terial 102 is arranged in a cup-shaped depression of a
mounting 103. The LED 2 can be provided as an SMD
component or be produced also in "Chip-on-Board" tech-
nology. It is schematically indicated by arrows that (with
reference to the illustration) downwardly directed radia-
tion is deflected upwardly by reflection and that the radi-
ation sent out by the luminescent material particles (yel-
low light) is partly refracted to the outside by the forming
material and is partly also totally reflected.
[0012] In Fig. 2 there is schematically represented, for
the example "blue light from the LED" and "yellow light
from the luminescent material particles", the different di-
rectional dependence of the two mentioned radiation
components sent out by a corresponding device in the
case without diffusing particles. The indicated numerical
values indicate the angle (0° to 360°) between the surface
normals of the LED and a certain direction of emission.
The intensity is indicated radially (polar diagram).
[0013] By the two solid-line curves the emission char-
acteristic is exemplarily given of two different LEDs. The
blue light radiated by the LED is preferentially emitted in
a spatial angle range around the direction of the surface
normals. The radiation thus shows a directional depend-
ence. In accordance with the illustration of Fig. 2 with an
increasing angle between the surface normals and the
direction of emission the intensity diminishes and reach-
es its minimum in a direction which lies in the plane of
the substrate surface of the LED (90° or 270°). The in-
tensity of the yellow light which is emitted by the lumi-
nescent material particles (dotted-line curve) shows
practically no directional dependence. Thus this radiation
is substantially homogeneous or isotropic.
[0014] The blue light is also scattered to a certain ex-
tent at the luminescent material particles but as a rule
this effect does not suffice to remove the directional de-
pendence of the blue light.
[0015] In Fig. 3 there is schematically illustrated the
scattering behaviour in a volume with a plurality of dif-
fusing particles. The diffusing particles 110 are embed-
ded distributed in a forming material 112. Apart from the
diffusing particles, the forming material 112 contains lu-
minescent material particles (not illustrated).
[0016] In Fig. 4 there is schematic represented the aris-
ing of a scattered radiation at an individual diffusing par-
ticle. In the context of the approximation of geometrical
optics the scattering behaviour can be explained by re-
fraction processes of the beams incident on the particle.
The beams are thereby refracted on passing through the
particle surface due to the different refractive indexes of
diffusing particles on the one hand and surroundings on
the other hand (diffusing particle: n2, surroundings: n1).
(In connection with this, it has to be taken into account
that geometrical optics are only suitable for explanation
of the scattering for the case that the diffusing particle is
substantially larger than the wavelength of the incident
radiation. In the case of diffusing particles which are ap-
proximately as large as or are smaller than the wave-
length, deviations from the geometrical optics depiction

must be expected.)
[0017] A corresponding light emitting device is known
from US 6,653,765 B1. It is pointed out in this document
that the diffusing particles should have a refractive index
which preferably is larger than 1.2 or particularly prefer-
ably larger than 1.46. Furthermore the diffusing particles
should absorb as little light as possible. In addition, the
scattering behaviour of the diffusing particles is depend-
ent on their, size and shape. The diffusing particles
should preferably have a size which is within the same
order as the wavelength of the radiation to be scattered.
With regard to the shape, particles are preferred with
irregular surfaces. As material for the diffusing particles
there are mentioned glass, quartz, oxides of titanium (Ti),
aluminium (Al) and rare earths, such as for example
gadolinium (Gd) and yttrium (Y). Titanium oxide (TiO2)
and aluminium oxide (AL2O3) are preferred.
[0018] Further, it is known from this document to pro-
vide a separate layer with luminescent material particles.
This layer is substantially planar and has a uniform thick-
ness. Through this the probability that a beam starting
out from the LED is incident upon a luminescent material
particle increases with increasing angle Θ. The absorp-
tion by the layer of the luminescent material particles is
thus directionally dependent and consequently also
therefore the colour impression upon observing the de-
vice.
[0019] From US 6,841,933 B2 there is known a corre-
sponding device in which the luminescent material is
bound into silicone beads and the silicone beads are ar-
ranged distributed in a forming material made of epoxy
resin over the LED. The forming material can contain a
"diffusing agent" for reinforcement of the diffuse light,
whereby as material for this there is mentioned titanium
oxide, titanium nitride, tantalum nitride, aluminium oxide,
silicon oxide or barium titanate. As a luminescent material
numerous organic and also inorganic substances can
find employment.
[0020] From US 6,069,440 it is known that the forming
material of resin contains a dispersion agent which may
be barium titanate, titanium oxide, aluminium oxide or
silicon oxide. The luminescent material includes at least
one element from the group Y, Lu, Sc, La, Gd and Sm
and at least one element of the group of A1, Ga, In, and
is activated with Cer; for example there may be involved
Y3Al5O12: Ce or Gd3In3: Ce .
[0021] From US 6,936,862 B1 it is known to configure
the luminescent material particles and diffusing particles
as particles which are made up of luminescent material
particles and diffusing particles bound with each other in
order to facilitate a distribution as uniform as possible of
these particles in the casting mass. The diffusing parti-
cles include an oxide, a sulphur component or a selenium
component of a metal from the group (Y, Ce, TB, Gd,
Sc) 3+t+u (A1, Ga, T1 B) 5+u+2v (O, S, Se) 12+2t+3u+3v (Ce,
Tb), in which 0 < t < 5, 0 < u < 15, 0 < v < 9.
[0022] Document US 2004/046497 A1 shows a com-
posite article comprising a substrate having at least a
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substrate surface and a graded-composition coating dis-
posed on a substrate surface. The composition of the
coating material varies substantially continuously across
its thickness. The coating reduces the transmission rates
of oxygen, water vapor, and other chemical species
through the substrate.
[0023] With the mentioned state of the art there is the
problem that there apply for the diffusing particles par-
ticularly high requirements with regard to quality class
and purity. The production of corresponding diffusing par-
ticles particularly is difficult which are suitable with regard
to the absorption characteristic, that is manifest as little
as possible or "no" absorption of the corresponding ra-
diation sent out by the LED.
[0024] The invention is based on the object of indicat-
ing a corresponding device which is simpler in produc-
tion.
[0025] This object is achieved in accordance with the
invention by the features of the independent claim. The
dependent claims further develop the central concept of
the invention in particularly advantageous way.
[0026] In accordance with the invention there is pro-
vided a light emitting device which has a radiation emit-
ting element including a semiconductor. The radiation
emitting element may be for example an LED which emits
for example blue light or light of a certain wavelength
range and/or ultraviolet radiation. Furthermore the device
has a luminescent material which is able to absorb a part
of the radiation sent out by the radiation emitting element,
and to send out light with a wavelength which is different
from the wavelength of the absorbed radiation. The lu-
minescent material may for example be luminescent ma-
terial particles which send out for example yellow light.
The luminescent material may be present for example in
the form of fluorescent particles which are for example
embedded into a casting material (English: encapsula-
tion material), for example made of resin. In addition, the
device has diffusing particles which are able to scatter a
part of the radiation sent out by the radiation emitting
element. The diffusing particles are thereby comprised
at least in part of a non-activated BaSrSiO4.
[0027] From the above it is clear that the scattering is
important particularly for that radiation component which
originates directly from the radiation emitting element,
for example originates from the LED, since exactly this
component as a rule has a directional dependence which
is to be reduced.
[0028] Non-activated luminescent material, i.e.
BaSrSiO4, absorbs no or only negligibly little light, par-
ticularly in the blue wavelength range. In addition, the
non-activated material has the same high stability as cor-
responding activated luminescent material or even a
higher stability than corresponding activated luminescent
material. Furthermore the non-activated luminescent
material can be produced in practically any desired par-
ticle size distribution. In addition, the non-activated lumi-
nescent material has a comparatively high refractive in-
dex, so that a comparatively large difference between

the refractive index of luminescent material on the one
hand and the casting material on the other hand can gen-
erally be realized. Through these characteristics produc-
tion of a corresponding device with a certain efficiency
is made substantially easier in comparison with the state
of the art.
[0029] It is possible with the invention, for optimal ad-
justment of the scattered radiation component, to add in
a simple way the diffusing particles of the non-activated
luminescent material in the desired size distribution.
[0030] The diffusing particles can for example be add-
ed distributed in a layer of casting mass of resin or a
rubber material, for example silicone, whereby the cast-
ing mass has a different refractive index than the diffusing
particles (must have for the scattering effect). The casting
mass can for example cover the LED directly as a cover
layer. The luminescent material may also be present in
the form of particles distributed in the casting mass.
[0031] Advantageously the material of which the dif-
fusing particles consist is of the same chemical class as
the material of which the luminescent material consists.
[0032] The diffusing particles consist at least in part of
non-activated earth alkali orthosilicates Ba2-x-
ySrxCaySiO4 of non-activated Thiogallates (Ba, Sr, Ca)
(Ga, Al)2S4, of non-activated earth alkali sulphides (Ba,
Sr, Ca)S, of non-activated nitrides (Ba, Sr, Ca)2Si5N8, of
non-activated oxido-nitrido silicates (Ba, Sr, Ca)2Si5-a
(A1, Ga, In) aN8-aOa, or of other non-activated basic grids
(borates, phosphates etc.). It can be provided particularly
that the basic grid types of the luminescent material par-
ticles are identical to the basic grid types of the diffusing
particles. Advantageously the diffusing particles are at
least partially photonic crystals.
[0033] Advantageously the distribution of the diffusing
particles within the device has a gradient, whereby the
distribution density of the diffusing particles decreases
with an increasing distance from the LED. Advanta-
geously the distribution of the luminescent material par-
ticles has a gradient, whereby the distribution density of
the luminescent material particles increases within a re-
gion in the device with an increasing distance from the
LED. In this way it can be achieved that the radiation sent
out by the LED, thus for example blue light sent out, is
scattered preferentially first before it is partly changed by
the luminescent material particles into radiation of anoth-
er wavelength. Through this the directional dependence
of the radiation sent out by the LED can be reduced par-
ticularly effectively.
[0034] The can correspondingly also be provided two
separate layers whereby in the layer which is located
nearer to the LED only diffusing particles are provided
and in the layer which is further removed from the LED
only luminescent material particles are provided.
[0035] Advantageously the diffusing particles have a
diameter between about 1 and about 40 Pm. The number
of diffusing particles can thereby advantageously be se-
lected in dependence upon the (average) diffusing par-
ticle size. The smaller the (average) diffusing particle
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size, the larger can the number of diffusing particles be
chosen. This leads advantageously to a correspondingly
higher number of scattering events in a given volume and
thus to a correspondingly strengthened scattering effect.
[0036] Particularly advantageous is a size distribution
of the diffusing particles from about 2 to about 30 Pm.
The distribution may have a maximum, for example ap-
proximately at 5 to 6 Pm. This is represented schemati-
cally in Fig. 6.
[0037] Advantageously the diffusing particles have
curved surfaces. They can for example be substantially
approximately spherical. Curved surfaces can thereby
be made up of many small planar surfaces. Less suitable,
in contrast, are shapes with plane-parallel surfaces, as
is the case for example with plate-like or cube-like parti-
cles etc.
[0038] Advantageously the number of diffusing parti-
cles is the same or less that the number of luminescent
material particles. For example in the case of diffusing
particles and luminescent particles of barium strontium
orthosilicate a ratio of about two parts luminescent ma-
terial particles to one part diffusing particles can be pro-
vided.
[0039] Advantageously there can be provided as cast-
ing material (or matrix material) silicone, polymethyl-
methacrylate (PMMA), epoxy resin or polyurethane.
[0040] There is provided a light emitting device which
has a radiation emitting element which includes a semi-
conductor. Further, the device has a luminescent mate-
rial which is able to absorb a part of the radiation sent
out by the radiation emitting element and to send out light
with a wavelength which is different from the wavelength
of the absorbed radiation. In addition, the device has dif-
fusing particles which are able to scatter a part of the
radiation sent out by the radiation emitting element. The
diffusing particles consist of the same basic material as
the luminescent material, whereby the material of the dif-
fusing particles is non-activated.
[0041] There is provided a light emitting device which
has a radiation emitting element which includes a semi-
conductor. Further, the device has a luminescent mate-
rial which is able to absorb a part of the radiation sent
out by the radiation emitting element and to send out light
with a wavelength which is different from the wavelength
of the absorbed radiation. Thereby there is provided for
the directions of emission with which the light from the
device is emitted a certain (solid angle) range. The lumi-
nescent material is thereby arranged such that the ab-
sorption path length through the luminescent material is
substantially independent of the direction of emission.
[0042] Thereby, the radiation emitting element or its
centre is to be seen as reference point for the directions
of emission. The provided directions of emission may
simply lead for example into the half-space which sym-
metrically extends out around the surface normals of an
LED. However, a smaller spatial angular range is also
possible for the directions of emission provided.
[0043] For example the luminescent material may be

present in the form of luminescent material particles
which for example are arranged evenly within a layer,
whereby the geometric form of the layer is chosen such
that the geometric path length through the layer is sub-
stantially identical seen in all directions of emission. This
can for example be realized by a layer of luminescent
material particles arranged above an LED, which layer
which has a planar underside and an appropriately con-
vexly formed top side.
[0044] The luminescent material is arranged within the
device in a space between two (imaginary) concentric
spherical surfaces. Through this it is made possible in
particularly simple way that the absorption by the lumi-
nescent material is effected uniformly in all directions of
emission. With this there can be achieved overall a par-
ticularly homogeneous colour impression, or more gen-
erally formulated "visual impression", that is for example
a "white impression" of the light emitted by the device.
The space between the spherical surfaces of course
does not have to be completely filled with the luminescent
material. The decisive volume, in which the luminescent
material is to be arranged, rather confines itself to that
region between the spherical surfaces which includes
the desired directions of emission. This space can for
example be provided by the half-space which extends
from the LED in direction of emission. Thus, in this case
the luminescent material can be arranged within two con-
centric half spherical surfaces.
[0045] The centre of the spherical surfaces is arranged
in the radiation emitting element, thus for example in an
LED and further for example in the (geometric) centre of
the radiation emitting element. The luminescent material
can thereby be arranged for example advantageously
between the two concentric spherical surfaces in the half-
space which extends in a direction of emission from the
radiation emitting element. This can for example be the
half-space which extends in the direction of the surface
normals of a main emission surface of an LED. Thereby
the luminescent material is present in the form of lumi-
nescent material particles which are arranged distributed
uniformly in the volume filled with the luminescent mate-
rial.
[0046] The luminescent material can be provided for
example in the form of luminescent material particles,
which with regard to the radiation emitting element are
fixed in location by a casting mass. In addition, the device
can have diffusing particles which are able to scatter a
part of the radiation sent out by the radiation emitting
element. The diffusing particles may be provided in the
space between the radiation emitting element and the
inner spherical surface. Advantageously if applicable the
diffusing particles and also the luminescent material par-
ticles are distributed respectively homogeneously.
[0047] Further no luminescent material is provided in
the device outside the space between the two spherical
surfaces.
[0048] There is provided the use of a non-activated
luminescent material in a light emitting device, in partic-
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ular for the scattering of the radiation which is sent out
by a radiation emitting element of the device, for example
an LED. The luminescent material advantageously is pro-
vided in the form of distributed particles which are ar-
ranged in a zone in direction of emission.
[0049] Further features, advantages and characteris-
tics are now be explained with reference to a detailed
description of exemplary embodiments and with refer-
ence to the Figures of the accompanying drawings. There
is shown:

Fig. 1 a schematic cross-section through a light emit-
ting device according to the invention,

Fig. 2 typical distribution patterns, on the one hand
for radiation sent out by an LED and on the other
hand for radiation which is sent out by fluorescent
particles,

Fig. 3 a basic sketch of the scattering of radiation at
diffusing particles in a volume,

Fig. 4 a basic sketch of the scattering by light refrac-
tion at an individual diffusing particle,

Fig. 5 a schematic cross-section through a light emit-
ting device in accordance with the state of the art,

Fig. 6 a schematically represented size distribution
function of diffusing particles, and

Fig. 7 a schematic illustration of another exemplary
embodiment of the invention.

[0050] Fig. 1 shows a light emitting device 1. The de-
vice has as radiation emitting element, including a sem-
iconductor, a light-emitting diode (LED) 2. The LED 2
radiates for example blue light, upwardly with reference
to the illustration. With regard to the electrical compo-
nents which are necessary for the activation of the LED
nothing is said here since they are without immediate
relevance for the invention. In this regard attention is di-
rected to the state of the art.
[0051] Furthermore the device 1 has a luminescent
material in the form of fluorescent particles 3. The fluo-
rescent particles 3, also called luminescent material par-
ticles, are able to absorb a part of the radiation which is
sent out by the LED 2 and to send out light with a wave-
length which is different from the wavelength of the ab-
sorbed radiation. The radiation sent out by the lumines-
cent material particles 3 can for example be yellow light.
In the case of the radiation which is sent out by the LED
2 and is absorbed by a fluorescent particle 3 there may
be involved at least in part also ultraviolet radiation.
[0052] Furthermore the present device 1 has diffusing
particles 4 which are able to scatter a part of the radiation
which is sent out by the LED 2. The diffusing particles 4
are comprised of a non-activated luminescent material.

[0053] In accordance with this exemplary embodiment
both the fluorescent particles 3 and the diffusing particles
4 are distributed in a forming material 5, a "casting ma-
terial", which for example may be a resin. Preferred cast-
ing material is silicone, PMMA, epoxy resin or poly-
urethane. The forming material 5 is filled into a cup-
shaped depression 6 on the base of which the LED 2 is
located in the middle. The diffusing particles 4 consist in
accordance with this exemplary embodiment of the same
basic material as the fluorescent particles 3, whereby the
material of the diffusing particles 4 is, however, non-ac-
tivated. Through this the diffusing particles 4 have the
characteristic that they absorb practically no light and
scatter particularly effectively.
[0054] In accordance with this exemplary embodiment
the diffusing particles 4 are comprised of non-activated
barium strontium orthosilicate (BaSrSiO4). It can also be
comprised of non-activated yttrium aluminium garnet
Y3Al5O12 YAG which is not covered by the invention. The
luminescent material particles 3 are comprised of the
same material however with the difference that the ma-
terial of the luminescent material particles 4 is activated
- for example by incorporation of Europium ions.
[0055] With use of this material the diffusing particles
4 can be produced in practically any desired size distri-
bution. In order thus to increase the scattering compo-
nent of the light which leaves the device 1 upwardly, with
reference to Fig. 1, the distribution density of the diffusing
particles 4 in the forming material 5 can for example sim-
ply be increased correspondingly (and correspondingly
the other way round).
[0056] The diffusing particles 4 are substantially spher-
ical. Their diameter lies in the range of approx. 2 to 30
Pm. The size distribution of the diffusing particles thereby
has a maximum and to be more precise at about 5 to 6
Pm. Such size distribution is schematically illustrated in
Fig. 6.
[0057] The distribution of the diffusing particles 4 in the
forming material 5 can be provided to be uniform (con-
sidered spatially). It can, however, also advantageously
be provided that the diffusing particles 4 in the immediate
vicinity of the LED 2 are provided more densely than in
a higher area of the forming material 5; that is in an area
which is further removed from the surface of the LED. It
can thus for example be provided that the diffusing par-
ticles 4 are provided in an immediate vicinity of the LED
2 whilst the fluorescent particles 3 are provided in the
other region of the forming material 5, thus for example
in the upper half (with reference to Fig. 1) of the forming
material 5. In this case the light which is sent out by the
LED 2 is at first predominantly distributed more or less
diffusely by the diffusing particles 4 in all directions before
it meets the region with the fluorescent particles 3. The
forwards peak of the (blue) radiation of the LED 2 can
through this be particularly effectively reduced and an
overall more uniform angular distribution of the emission
of the device 1 attained.
[0058] In Fig. 7 there is illustrated a device 120 in ac-
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cordance with a second exemplary embodiment. In this
case a spatial separation is provided between diffusing
particles 4 and luminescent material particles 3 (not
shown in detail). The LED 2 is covered by a first layer 8
which is formed from a casting mass, in which the diffus-
ing particles 4 are arranged distributed spatially uniform-
ly. The diffusing particles 4 can in accordance with this
exemplary embodiment for example consist of silica gel
(silicic acid gel). Thus the first layer 8 represents a scat-
tering layer.
[0059] The first layer 8 lies directly on the LED 2. Its
surface 10 which faces upwardly (with reference to the
illustration) is dome shaped. This bounding surface 10
has the form of a part of spherical surface, to be more
precise approximately a half spherical surface.
[0060] On the first layer 8 there immediately borders
a second layer 9 in which the luminescent material par-
ticles 3 are arranged uniformly in a casting mass. The
second layer 9 may be comprised of a polymer which
has a refractive index which is similar to that of the first
layer 8.
[0061] The luminescent material particles 3 of the sec-
ond layer 9 so to speak change - at least partially - the
wavelength of the radiation sent out by the LED 2 and
incident on the second layer 9. For example yellow light
arises from blue light which is radiated by the LED 2, by
fluorescence at the luminescent material particles 3. So
one can speak about a (wavelength) transformation layer
9.
[0062] The upwardly outwardly directed surface 11 of
the second layer 9 is in turn dome-like. Thus this surface
11 is in turn spherical section like and thereby concentric
with the bounding surface 10 between the two layers 8
and 9.
[0063] The LED 2 is arranged in a cup-shaped depres-
sion 6 which is formed in a plane surface 7. In accordance
with this exemplary embodiment the depression 6 is ap-
proximately half as deep as the vertical extent (height)
of the LED 2 (with reference to the illustration), so that
the geometric middle point of the LED 2 lies approximate-
ly in the plane which is given by the surrounding surface 7.
[0064] The surface 10 of the first layer 8 borders ap-
proximately on the edge of the depression 6 on the sur-
rounding plane surface 7. Thus the diameter of the de-
pression 6 is approximately the same as the diameter of
the first layer 8.
[0065] Thus the two surfaces 10 and 11 are arranged
concentrically and it can be provided that the middle point
of these two sphere part surfaces 10, 11 lies in the centre
of the LED 2.
[0066] The radiation sent out by the LED 2 is partly
scattered in the first layer 8 at the diffusing particles 4.
Through this the directional dependence of the intensity
of this radiation component is noticeably weakened and
there arises a radiation which is substantially "more ho-
mogeneous" or "more isotropic" with reference to the di-
rection of propagation of this radiation.
[0067] It also can be provided that the depression 6 is

completely or partly reflecting for radiation sent out by
the LED 2. In this case it generally comes also to reflection
in the bottom or edge region of the depression 6.
[0068] Overall, it is brought about through this that the
radiation which is incident on the boundary surface 10,
coming from the layer 8, in substance does not have any
preferred direction or at least is substantially less direc-
tion-dependent than would be the case without diffusing
particles. Since the second layer 9 has a uniform radial
layer thickness and the luminescent material particles 3
are distributed uniformly in this layer 9, the absorption
which takes place in the transformation layer 9 is also
independent of the location at which the radiation coming
from the first layer 8 enters the second layer 9 (except
for possible edge effects in the vicinity of the plane sur-
rounding surface 7). Thus the absorption path length is
substantially independent of the entry point of the radia-
tion. In this way it is thus avoided that through the provi-
sion of a luminescent material layer a directional depend-
ence is provided for the light which is sent by the device
120 to the outside.
[0069] Overall, it is achieved with this arrangement that
the radiation which starts out from the device 120, sub-
stantially at all locations of the outer spherical surface
11, which can represent a surface of the device 120, is
predominantly vertically outwardly directed. This is out-
lined into Fig. 7 by arrows. In this way the "homogeneity"
of the radiation characteristic of the device 120 can be
increased. The far-field region (e.g. on a screen) also
can through this be configured particularly homogene-
ously.
[0070] For production, diffusing particles can be mixed
of non-activated material and luminescent material par-
ticles of activated material in the desired ratio, thus for
example 1:2 and added to the casting material. This mix-
ture can then be cast or otherwise applied for example
directly onto the LED.
[0071] The advantages of the invention can thus be
summarized as follows:

• the device is comparatively simple and economical
in production.

• with the device there can be brought about a more
uniform, for example more white light impression,
which is relatively uniform over all possible viewing
directions.

• the diffusing particles can be produced with any de-
sired size distribution so that a fine adjustment of the
component of scattered light can be attained.

Reference sign list

[0072]

1 Light emitting device
2 LED
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3 Fluorescent particles
4 Diffusing particles
5 Forming material
6 Cup-shaped depression
7 Planar surface
8 First layer
9 Second layer
10 Upwardly directed surface of the first layer
11 Upwardly directed surface of the second layer
100 Device in accordance with the state of the art
101 LED (state of the art)
102 Forming material (state of the art)
103 Mounting
110 Diffusing particles
112 Forming material
120 Device in accordance with a second exemplary

embodiment

Claims

1. Light emitting device (1), having

- a radiation emitting element, including a sem-
iconductor (2),
- luminescent material (3) which is able to absorb
a part of the radiation sent out by the radiation
emitting element and to send out light with a
wavelength which is different from the wave-
length of the absorbed radiation, and
- diffusing particles (4) which are able to scatter
a part of the radiation sent out by the radiation
emitting element,
wherein
the diffusing particles (4) are comprised at least
in part of non-activated BaSrSiO4.

2. Light emitting device according to claim 1, charac-
terized in that,
the material of which the diffusing particles (4) are
comprised is of the same chemical class as the ma-
terial of which the luminescent material (3) is com-
prised.

3. Light emitting device according to any preceding
claim,
characterized in that,
the diffusing particles (4) are at least in part photonic
crystals.

4. Light emitting device according to any preceding
claim,
characterized in that,
the distribution of the diffusing particles (4) within the
device (1) has a gradient, whereby the distribution
density of the diffusing particles (4) decreases with
increasing distance from the LED (2).

5. Light emitting device according to any preceding
claim,
characterized in that,
the luminescent material (3) is present in the form of
particles and within a region of the device (1) the
distribution of the luminescent material particles has
a gradient, whereby the distribution density of the
luminescent material particles (3) increases with in-
creasing distance from the LED (2).

6. Light emitting device according to any preceding
claim,
characterized in that,
the diffusing particles (4) that have diameters be-
tween about 1 and about 40 Pm.

7. Light emitting device according to any preceding
claim,
characterized in that,
the diffusing particles (4) are substantially spherical.

8. Light emitting device according to any preceding
claim, characterized in that,
the luminescent material (3) is present in the form of
particles and the number of diffusing particles (4) is
smaller or equal to the number of particles of the
luminescent material (3).

9. Light emitting device according to any preceding
claim, characterized in that,
the diffusing particles (4) and/or the luminescent ma-
terial are embedded in a casting material.

10. Light emitting device according to claim 9, charac-
terized in that,
the casting material is silicone, PMMA, epoxy resin
or polyurethane.

Patentansprüche

1. Lichtemittierende Vorrichtung (1), aufweisend

- ein strahlungsemittierendes Element, welches
einen Halbleiter (2) enthält,
- lumineszierendes Material (3), welches in der
Lage ist, einen Teil der Strahlung zu absorbie-
ren, welche durch das strahlungsemittierende
Element ausgesendet wird, und Licht mit einer
Wellenlänge auszusenden, welche unter-
schiedlich zu der Wellenlänge der absorbierten
Strahlung ist, und
- streuende Partikel (4), welche in der Lage sind,
einen Teil der Strahlung, welche durch das
strahlungsemittierende Element ausgesendet
wird, zu streuen,
wobei
die streuenden Partikel (4) zumindest teilweise
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aus nichtaktiviertem BaSrSiO4 aus nichtakti-
viertem BaSrSiO4 zusammengesetzt sind.

2. Lichtemittierende Vorrichtung gemäß Anspruch 1,
dadurch gekennzeichnet, dass das Material, aus
welchem die streuenden Partikel (4) zusammenge-
setzt sind, von der gleichen chemischen Klasse ist,
wie das Material, aus welchem das lumineszierende
Material (3) zusammengesetzt ist.

3. Lichtemittierende Vorrichtung gemäß irgendeinem
vorhergehenden Anspruch,
dadurch gekennzeichnet, dass
die streuenden Partikel (4) zumindest teilweise pho-
tonische Kristalle sind.

4. Lichtemittierende Vorrichtung gemäß irgendeinem
vorherigen Anspruch,
dadurch gekennzeichnet, dass
die Verteilung der streuenden Partikel (4) innerhalb
der Vorrichtung (1) einen Gradienten aufweist, wo-
bei die Verteilungsdichte der streuenden Partikel (4)
mit zunehmendem Abstand von der LED (2) ab-
nimmt.

5. Lichtemittierende Vorrichtung gemäß irgendeinem
vorherigen Anspruch,
dadurch gekennzeichnet, dass
das lumineszierende Material (3) in der Form von
Partikeln vorhanden ist, und innerhalb eines Be-
reichs der Vorrichtung (1) die Verteilung der Partikel
lumineszierenden Materials einen Gradienten auf-
weist, wobei die Verteilungsdichte der Partikel lumi-
neszierenden Materials (3) mit zunehmendem Ab-
stand von der LED (2) zunimmt.

6. Lichtemittierende Vorrichtung gemäß irgendeinem
vorherigen Anspruch,
dadurch gekennzeichnet, dass
die streuenden Partikel (4) einen Durchmesser zwi-
schen ungefähr 1 und ungefähr 40 Pm aufweisen.

7. Lichtemittierende Vorrichtung gemäß irgendeinem
vorherigen Anspruch,
dadurch gekennzeichnet, dass
die streuenden Partikel (4) im Wesentlichen sphä-
risch sind.

8. Lichtemittierende Vorrichtung gemäß irgendeinem
vorherigen Anspruch,
dadurch gekennzeichnet, dass
das lumineszierende Material (3) in der Form von
Partikeln vorhanden ist, und die Anzahl von streu-
enden Partikeln (4) kleiner oder gleich der Anzahl
von Partikeln des lumineszierenden Materials (3) ist.

9. Lichtemittierende Vorrichtung gemäß irgendeinem
vorherigen Anspruch,

dadurch gekennzeichnet, dass
die streuenden Partikel (4) und/oder das lumineszie-
rende Material in einem Gussmaterial eingebettet
sind.

10. Lichtemittierende Vorrichtung gemäß Anspruch 9,
dadurch gekennzeichnet, dass
das Gussmaterial Silikon, PMMA, Epoxidharz oder
Polyurethan ist.

Revendications

1. Dispositif émetteur de lumière (1) ayant

- un élément émetteur de radiation, incluant un
semi-conducteur (2),
- un matériau luminescent (3) qui est capable
d’absorber une partie de la radiation émise par
l’élément émetteur de radiation et d’émettre de
la lumière ayant une longueur d’onde qui est dif-
férente de la longueur d’onde de la radiation ab-
sorbée, et
- des particules de diffusion (4) qui sont capables
de disperser une partie de la radiation émise par
l’élément émetteur de radiation,
dans lequel
les particules de diffusion (4) sont composées
au moins en partie de BaSrSi04 non-activé.

2. Dispositif émetteur de lumière selon la revendication
1,
caractérisé en ce que
le matériau qui compose les particules de diffusion
(4) est de la même classe chimique que le matériau
qui compose le matériau luminescent (3).

3. Dispositif émetteur de lumière selon l’une quelcon-
que des revendications précédentes,
caractérisé en ce que
les particules de diffusion (4) sont au moins en partie
des cristaux photoniques.

4. Dispositif émetteur de lumière selon l’une quelcon-
que des revendications précédentes,
caractérisé en ce que
la distribution des particules de diffusion (4) dans le
dispositif (1) a un gradient, la densité de distribution
des particules de diffusion (4) baissant avec l’aug-
mentation de la distance par rapport à la LED (2).

5. Dispositif émetteur de lumière selon l’une quelcon-
que des revendications précédentes,
caractérisé en ce que
le matériau luminescent (3) est présent sous la forme
de particules et à l’intérieur d’une région du dispositif
(1) la distribution des particules de matériau lumi-
nescent a un gradient, la densité de distribution des
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particules (3) de matériau luminescent augmentant
avec l’augmentation de la distance par rapport à la
LED (2).

6. Dispositif émetteur de lumière selon l’une quelcon-
que des revendications précédentes,
caractérisé en ce que
les particules de diffusion (4) ont des diamètres entre
environ 1 et environ 40 Pm.

7. Dispositif émetteur de lumière selon l’une quelcon-
que des revendications précédentes,
caractérisé en ce que
les particules de diffusion (4) sont essentiellement
sphériques.

8. Dispositif émetteur de lumière selon l’une quelcon-
que des revendications précédentes,
caractérisé en ce que
le matériau luminescent (3) est présent sous la forme
de particules et le nombre de particules de diffusion
(4) est plus petit ou égal au nombre de particules du
matériau luminescent (3).

9. Dispositif émetteur de lumière selon l’une quelcon-
que des revendications précédentes,
caractérisé en ce que
les particules de diffusion (4) et/ou le matériau lumi-
nescent sont encastrés dans un matériau de scelle-
ment.

10. Dispositif émetteur de lumière selon la revendication
9,
caractérisé en ce que
le matériau de scellement est de la silicone, du po-
lyméthacrylate de méthyle (PMMA), de la résine
époxy ou du polyuréthane.
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