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ARRANGEMENT FOR EMITTING MIXED LIGHT

The present invention relates to an arrangement comprising at least two

electroluminescent light-sources and a light-converting element, for the efficient emission of

light having a color point not dependent on the angle of viewing.

Electroluminescent light-sources (LEDs) emit light in a narrow region of the

spectrum. What are termed phosphor-converted LEDs (pcLEDs) convert at least part of the

primary radiation emitted by the LED into secondary radiation. This process is called light

conversion and the materials used for the purpose are called light-converting materials. A

pcLED can thus emit mixed light covering a wider region of the spectrum (wideband

emission) as a result of the mixing of primary and secondary radiation. For the light

conversion, the LED is coated with, for example, a light-converting layer of a powdered

light-converting phosphor material that is embedded in an organic matrix. This arrangement

constitutes a simple light-source for emitting wideband light (mixed light produced by the

mixing of primary and secondary radiation), and particularly white light. Because of the

operating temperatures of LEDs, the optical properties of the light-converting layer change as

the time in operation becomes longer, particularly as a result of the organic matrix becoming

colored, which means that intensity is not stable over time and there is a shift in the color

point of the mixed light.

Document WO2006/072918 A l describes a phosphor-converted arrangement

having a plurality of identically colored blue LEDs, for emitting white light that is produced

by mixing blue primary radiation and phosphor-converted secondary radiation. To produce

the secondary radiation, use was made of a ceramic light-converting material whose optical

properties, and in particular its transmission and its converting capacity, are not sensitive to

the effects of temperature during the operation of the LEDs. Given the same light yield per

LED, the brightness of the arrangement was increased by using two LEDs. As well as a first

light-converting material to produce yellow secondary radiation, the ceramic light-converting

layer also comprises in this case a further material for producing red secondary radiation,



whereby wideband white light having a high color rendering index is emitted. However, the

disadvantages of an arrangement of this kind are the color point of the mixed light, which

varies with the angle of viewing, the energy losses that occur in the course of the conversion

of the blue primary radiation into red secondary radiation, and the resulting low efficiency of

this pcLED arrangement.

It is therefore an object of the present invention to provide an arrangement for

the efficient emission of mixed light, which mixed light has a color point that is stable and

not dependent on the angle of viewing.

This object is achieved by an arrangement for emitting mixed light comprising

primary and secondary radiation in a mean direction of emission, comprising at least one first

electroluminescent light-source for emitting first primary radiation having a maximum

intensity at a first wavelength, at least one second electroluminescent light-source for

emitting second primary radiation having a maximum intensity at a second wavelength

greater than the first wavelength, and a light-converting element for absorbing at least one of

the primary radiations and re-emitting the secondary radiation, which light-converting

element is so arranged that the entire proportion of primary radiation in the mixed light has

passed through the light-converting element, and that the light-converting element comprises

a ceramic light-converting material whose microstructure is selected to be such that the color

point of the mixed light comprising primary and secondary radiation is substantially

independent of the angle of viewing. What is meant by the terms primary radiation and

secondary radiation in this case is emitted light of a given range of wavelengths that has a

maximum intensity at a given wavelength whose position determines the color of the primary

radiation and secondary radiation emitted. Where reference is made below to, for example,

blue primary radiation, the maximum intensity of this primary radiation is in the blue region

of the spectrum, and the same is true of the secondary radiation.

The color point of the arrangement according to the invention, which is

substantially independent of the angle of viewing, is achieved by means of a suitable

microstructure for the light-converting materials, such for example as by means of a suitable

grain size and/or pore size, which cause the light passing through them to be scattered, and

the primary and secondary radiation thus to be mixed, in such a way that the color point of

the mixed light is no longer dependent on the angle of viewing. If the scattering effect of the

light-converting element is sufficiently great, the same Lambert emission characteristic is



obtained for all the components of the mixed light. With a light-converting element having an

unsuitable microstructure that produced too small a scattering effect, the angular distribution

of the primary radiation would, due to shading-off and/or optical effects, be appreciably

different than the angular distribution of the secondary radiation, which latter, due to its

isotropic emission within the light-converting material, would have a wide Lambert emission

characteristic. Mixed light made up of these components would show a marked variation in

its color point as a function of the angle of viewing. If the ceramic material had an unsuitable

microstructure that had too severe a scattering effect on the primary and secondary radiation

in the light-converting element, the color point of the mixed light would still be independent

of the angle of viewing but the back-scatter of the primary radiation caused by the

excessively severe scatter would result in excessively high losses of light due to absorption

and would thus greatly reduce the efficiency of the arrangement. The light-converting

material of the arrangement according to the invention, on the other hand, has a

microstructure suitable for maintaining high efficiency while at the same time avoiding a

color point dependent on the angle of viewing. The severity of the scatter is set in such a way

that an effective mixture of primary and secondary radiation is obtained with any noticeable

reduction in the efficiency of the arrangement. To allow the independence of the angle of

viewing shown by the color point to be assessed, the spectral emission of the whole

arrangement was determined at different angles to the mean direction of emission. The

expression "substantially independent of the angle of viewing" means a variation in the color

point over the angle of viewing ∆uV of less than 0.02 and preferably of less than 0.0 1. In this

case, ∆uV is the vector distance between two color points at different angles of emission in

the 1976 CIE color coordinate system.

The use of a second LED to emit second, longer-wavelength primary radiation

prevents energy losses of the kind that would occur if the same radiation were produced as

secondary radiation from the first primary radiation by light conversion. In one embodiment,

the first wavelength is therefore in the blue or ultraviolet region of the spectrum and the

second wavelength is in the red region of the spectrum. It is particularly the use of red second

primary radiation that prevents large energy losses in the light conversion of the kind that

would occur if blue or ultraviolet primary radiation were converted into red secondary

radiation. If for example part of the first primary radiation is converted into green secondary

radiation, white light can be produced by mixing the red second primary radiation that is not

converted in this case by the light-converting element with the blue first primary radiation

and the green secondary radiation. In this way, white light can be produced that is of any



desired correlated color temperature (CCT), as it is referred to in the art, and that has good

color rendering properties of the kind required for lighting purposes. In this way, it is thus

possible to design light-sources for which 6000 > CCT > 2000 K and whose color rendering

index Ra is greater than 80. In this case it is necessary for red second primary radiation

having a mean emission wavelength of between 600 and 640 nm to be used. The term "CCT"

means in this case the correlated color temperature, which is the temperature of a black-body

radiator whose color is as close a match as possible.

In one embodiment, the ceramic light-converting material comprises a

plurality of oxidic particles whose mean diameter D is between 50 nm and 5000 nm, and

preferably between 100 and 3000 nm and, as a particular preference, between 200 and

1000 nm. In a preferred embodiment, the difference between the refractive index of the

ceramic light-converting material and the refractive index of the oxidic particles is more than

0.2. In a further embodiment, the ceramic light-converting material comprises, in addition to

the oxidic particles, a plurality of pores whose mean diameter is between 250 nm and

2000 nm, and preferably between 500 and 1500 nm and, as a particular preference, between

700 and 1200 nm.

At these sizes for the particles and pores respectively, advantageous scattering

behavior by the polycrystalline material is obtained with, at the same time, good mechanical

strength and optical stability. The concentration of the scattering particles or the pores is less

than 5 vol.% of the polycrystalline material in this case. The light yield (the ratio of the

number of photons entering the material to the number of photons emerging from it) is for

example better than 80% for a polycrystalline ceramic material having pores of sizes of this

kind. What is meant here by the terms pore size and particle size is the diameter of a sphere

of the same volume as, respectively, the corresponding pore and particle. The particles and

pores in the polycrystalline material need not necessarily be of a sphere-like shape. In both

cases the scattering effect is achieved by an abrupt change in refractive index. In the case of

air-filled pores, this is the difference in refractive index between the polycrystalline material

and air. In the case of oxidic particles, particles OfAl O for example have a refractive index

of 1.76, which is less than that of the surrounding material that may typically be 1.8 - 2.5.

The greater the difference in refractive index, the greater is the scattering effect of pores or

particles.

In another embodiment, what exists in the light-converting material is optical

anisotropy, i.e. the refractive index of the crystal structure differs along different axes of the

crystals. In this case the difference in refractive index is generally less than 0.2 and more than



0.01 and advantageous scattering of light can be obtained solely as a result of scattering at the

grain boundaries of the polycrystalline material. The size of the crystallites, meaning the

diameter of a sphere of equal volume, is between 1 µm and 30 µm. In a further embodiment,

the crystalline regions of the polycrystalline material are connected by non-crystalline

regions, so-called glass phases. In this case too, the difference in refractive index between

crystalline and non-crystalline regions can be made use of to set the desired scattering

properties.

In a preferred embodiment, the density of the ceramic light-converting

material is more than 97% of the theoretical maximum density of the corresponding

crystalline material. Because of this high density, what is obtained when the scattering

behavior is as desired is good mechanical strength and optical stability and greater efficiency

in the case of the light yield.

In a further embodiment, the light-converting element is coupled optically to

the first and second electroluminescent light-sources, preferably by a layer of silicone

between the light-converting element and the light-sources. This ensures good coupling of

the light into the light-converting element, which has a beneficial effect on the efficiency of

the arrangement.

In a further embodiment, the light-converting element comprises, on the side-

faces having surface normals substantially perpendicular to the mean direction of emission of

the mixed light, a reflective layer. Due to the light-scattering effect of the light-converting

element, some of the mixed light strikes these side-faces and, if it were to emerge from the

light-converting element laterally, would be lost for emission in the direction of emission or

possibly, in many embodiments, would result in the color point becoming angle-dependent.

This being the case, making the side-faces reflective ensures that the color point is highly

stable.

In a further embodiment, the intensities of the first and second primary

radiations can be set in a variable manner, independently of one another, by means of an

operating unit. The color point of the mixed light can be varied in this way during the

operation of the arrangement according to the invention. The intensities that are able to be set

independently of one another are obtained by means of first and second LEDs able to be

driven independently of one another. This can for example be done by using an operating unit

that comprises two electronic drivers for applying two independent operating voltages to the

first and second LEDs, which latter are isolated from one another electrically. By means of

the conversion of all or part of first primary radiation into one or more, different, secondary



radiations, and conversion of the second primary radiation of variable intensity that can be

switched on, the setting of the color point can be arranged to be highly variable as a result of

the independent driving of the first electroluminescent light-source or light-sources

(independent selection of the operating voltage for the second electroluminescent light-

source).

The possible variations in the color point depend in this case on the primary

radiations from the LEDs and the composition and sizing, i.e. absorbing capacity, of the

light-converting element. By selecting the wavelengths at which the primary and secondary

radiations are at their maximum intensities, the person skilled in the art can decide the color

point of the mixed light emitted by the arrangement according to the invention, and the color

space within the CIE chromacity diagram, in which, when the intensities of the first and

second primary radiations can be set independently, the color point can be adjusted to the

nature of the use that is to be made of the arrangement according to the invention.

In other embodiments of the arrangement according to the invention further,

such for example as third and fourth or even more, electroluminescent light-sources may be

used in addition to the first and second electroluminescent light-sources. The advantages and

properties described above apply equally in this case. If the said additional

electroluminescent light-sources are to be operated independently of one another to allow the

intensities of light emitted by them to be set independently, the operating unit will comprise

third or more drivers to allow the appropriate operating voltages to be applied.

The invention also relates to a light-converting element intended for emitting

mixing light produced from primary and secondary radiation in a mean direction of emission,

and for absorbing at least one of the primary radiations and re-emitting the secondary

radiation, which light-converting element comprises a ceramic material whose microstructure

is selected to be such that the color point of the mixed light produced from primary and

secondary radiation is substantially independent of the angle of viewing.

These and other aspects of the invention are apparent from and will be

elucidated with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 is a side view of an embodiment of a phosphor-converted arrangement

according to the invention.



Fig. 2 is a side view of a further embodiment of a phosphor-converted

arrangement according to the invention.

Fig. 3 is a plan view of a further embodiment of a phosphor-converted

arrangement according to the invention.

Fig. 4 shows the means for driving the phosphor-converted arrangement

according to the invention.

Fig. 5 shows transmission T as a function of the angle of transmission Θ for

light of a wavelength of 660 nm incident, perpendicularly, on a converting layer, compared

with light distributions found by calculation for determining the pore diameter of the

polycrystalline material of the converting layer.

Fig. 6 shows the emission spectrum (intensity I) of a red and a blue LED as a

function of wavelength λ, when there is a light-converting element present (solid line) and

when there is no light-converting element (dashed line).

Fig. 7 shows the change in color point ∆uV as a function of the angle of

viewing B for an arrangement according to the invention (■ ) and a prior art arrangement (o).

Fig. 8 shows examples of color coordinates of LEDs and a converting element.

Fig. 1 is a schematic side view of an embodiment of arrangement according to

the invention for emitting mixed light 5, having a substrate 1 and, applied to the substrate 1,

two electroluminescent light-sources 2 1 and 22 for emitting first primary radiation 5 1 (first

electroluminescent light-source 21) and second primary radiation 52 (second

electroluminescent light-source 22), and a light-converting element 3 arranged on the first

and second electroluminescent light-sources 2 1 and 22, for absorbing at least part of at least

the first primary radiation 51 and for emitting secondary radiation 53 and for mixing the

primary and secondary radiation by the distribution of light (the scattering of light in the

present case). An electroluminescent light-source may for example comprise inorganic LEDs,

organic LEDs (OLEDs) or laser diodes in this case. To perform the function of converting

light and distributing light, the light-converting element has to be arranged in the beam path

of the first and second electroluminescent light-sources 2 1 and 22. In alternative

embodiments, the light-converting element 3 need not necessarily be fixed to the

electroluminescent light-sources 2 1 and 22. Depending on the first and second wavelengths

selected for the first and second primary radiations 51 and 52 and on the light-converting

material selected, it is possible, in alternative embodiments, for at least part of the second



primary radiation 52 too to be absorbed by the light-converting element 3 and converted into

second secondary radiation. To produce white light, in a preferred embodiment a blue LED is

operated together with a red LED, part of the blue primary radiation 51 being converted into

green and/or yellow secondary radiation by means of the light-converting material, thus

giving, if the mixing with the red second primary radiation 52 is in the correct ratio, white

light 5 having a high color rendering index. In the present case the red light is not produced

by light conversion by means of an appropriate light-converting material but is supplied

directly by a red LED, which prevents conversion losses (e.g. blue →red) and thus increases

the efficiency of the arrangement.

In the embodiment shown in Fig. 1, the light-converting element 3 is for

example coupled optically to the first and second electroluminescent light-sources 2 1 and 22.

The optical coupling at 8 may for example be performed by a layer of silicone having a

refractive index of 1.5. In other embodiments, what may also be used for the optical coupling

are light-guiding elements, such as glass fibers for example.

Along the path followed by the light from the electroluminescent light-sources

2 1 and 22 to the point where the primary radiations 51 and 52 enter the light-converting

element 3, the optical coupling at 8 prevents the light from crossing into a medium having a

low refractive index. A crossing of this kind would result in a higher proportion of the

primary radiation 51 and 52 being reflected back as a result of total reflection effects when it

left the electroluminescent light-sources 2 1 and 22, which would result in additional light

losses. In addition to this, it is also advantageous if the light-converting element 3 is brought

into close contact with the electroluminescent light-sources 2 1 and 22, to give a compact

arrangement.

In the embodiment shown in Fig.l, the light-converting unit 3 comprises a

light-converting material made, for example, of polycrystalline ceramic material. The light-

scattering effect of the light-converting material is produced by oxidic particles of a size of

between 50 nm and 5000 nm that are situated in the light-converting material. Particles of

AI2O3, for example, having a refractive index of 1.76 could act as scattering centers in a

doped YAG ceramic. A material of this kind typically has a refractive index of the order of

1.8 - 2.5. The pores that are present in these materials between the individual crystallites are

as a rule filled with air and therefore have a refractive index of 1. The differences in

refractive index between the pores and the light-converting material produces further

scattering of light at the grain boundaries, which distributes the light over the light-converting

element 3 to an additional degree. If the pores are of a suitable size, such as between 250 nm



and 2900 nm, for example, and if the pore concentration is 1.5 vol.%, then, if the thickness of

the light-converting element is 100 µm, the light is scattered in such a way that optimum light

distributing properties are obtained on the part of the light-converting element 3 . Both

provisions (pores and oxidic particles) may be made together in one material. As from a

thickness that depends on the scattering power, the primary radiations 51 and 52 that are

emitted by the different electroluminescent light-sources 2 1 and 22 are mixed together

homogeneously which, together with the secondary radiation 53 emitted by the light-

converting element 3, gives a homogeneous perceived color. The emission of the secondary

radiation 53 takes place isotropically in the light-converting element 3, which facilitates good

mixing with the primary radiations 51 and 52.

On the emergence of the primary and secondary radiation from the light-

converting element 3, the phosphor-converted arrangement emits mixed light in a mean

direction of emission 5 . The mixed light 5 is composed of second primary radiation 52,

secondary radiation 53, and possibly first primary radiation 51 if, due to its absorptive

properties, the light-converting element 3 is at least partly transparent to the first primary

radiation 51. If the scattering effect of the light-converting element 3 is sufficiently great, the

same Lambert emission characteristic is obtained for all the components of the mixed light 5,

which means that the color point of the mixed light 5 no longer depends on the angle of

viewing B. With a light-converting element 3 having an unsuitable microstructure that

produced too small a scattering effect, the angular distribution of the primary radiation 51,

52, as determined by the optics of the primary radiant source and any possible shading-off in

the arrangement, would be substantially parallel to the mean direction of emission 5, whereas

the secondary radiation 53, due to its isotropic emission within the light-converting material,

would have instead a wide Lambert emission characteristic. Mixed light made up of these

components would show a wide variation in the color point as a function of the angle of

viewing. If the ceramic material had an unsuitable microstructure that produced too great a

scattering effect on the primary and secondary radiation 51, 52 and 53 in the light-converting

element 3, although the color point of the mixed light would still be independent of the angle

of viewing, the reflection of the primary and secondary radiation 51, 52 and 53 in the light-

converting element 3 caused by the excessive scattering would mean that there would be too

high an absorption rate, involving high proportions of lost, non-radiated light, and would thus

greatly reduce the efficiency of the arrangement. The light-converting material of the

arrangement according to the invention by contrast has a microstructure that is suitable for



maintaining high efficiency while at the same time avoiding a color point that is dependent

on the angle of viewing.

To allow the color point of the mixed light 5 to be set in a variable manner, in

alternative embodiments the first and second electroluminescent light-sources 2 1 and 22 are

driven independently of one another, by different electronic drivers for example. If, for

example, the first electroluminescent light-source 2 1 is operated at a fixed operating voltage,

the color point of the mixed light 5 can be shifted towards the color of the second primary

radiation 52 if the operating voltage of the second electroluminescent light-source 22 is

increased. If it is lowered, the color point shifts towards the color point given by the first

primary radiation 51 and by the secondary radiation 53 produced by the conversion of at least

part of the first primary radiation 51. Depending on the light-converting material that is

selected in the light-converting element 3, the secondary radiation 53 may also be composed

of a plurality of different regions of the spectrum (a plurality of secondary sub-radiations) by

using different light-converting materials in a mixture. In other embodiments, the whole of

the first primary radiation 5 1 may be converted into secondary radiation 53, and for example

ultraviolet first primary radiation 51 can be converted, by suitable converting materials, into

different secondary radiations 53, such for example as blue, yellow or green secondary

radiations, to produce mixed light 5 that is white or of some other color. It is, however, also

possible for all or part of blue first primary radiations 5 1 or of primary first radiations 5 1 of

some other color to be converted into radiation of even longer wavelengths. By the addition

of, for example, second red primary radiation 52, white light is obtained that has a variable

color point and that is, in addition, distinguished by its wide-band emission with a high color

rendering index.

In a preferred embodiment, the maximum intensity of the first primary

radiation 51 is at a first wavelength of between 200 nm and 490 nm and the maximum

intensity of the second primary radiation 52 is at a second wavelength of between 500 nm

and 800 nm. The light-converting material is distinguished in this case by the fact that it does

not absorb or convert the second primary radiation 52. This ensures that there is a high

proportion of red in the mixed light 5 which, with suitable phosphor-converting materials,

gives white light having a color temperature of less than 4000 K and high efficiency on the

part of the arrangement according to the invention.

In a further embodiment, those sides of the light-converting element 3 that are

substantially perpendicular to the mean direction of emission of the mixed light 5 are made

reflective by means of a reflective layer 7 . The reflective layer 7 may, for example, comprise



aluminum of a thickness of more than 30 nm. This means that the light 51, 52, 53 that, due to

the light-distributing effect according to the invention of the light-converting element 3,

propagates in the light-converting element 3 at high angles to the mean direction of emission

5 cannot leave the light-converting element 3 laterally and thus causes the arrangement

according to the invention to be of greater brightness in the direction of the mean direction of

emission 5.

In Fig. 1, an embodiment of arrangement according to the invention also

comprises a lens 6 that encloses the electroluminescent light-sources 2 1 and 22 and the light-

converting unit 3 . The emission properties of the arrangement according to the invention can

be acted on by means of the lens 6 to, for example, focus, defocus or divert the mixed light 5 .

Shown in Fig. 1, byway of example, is an embodiment having a spherical lens 6 having a

volume of space 4 between the light-converting element 3 and the electroluminescent light-

sources 2 1 and 22 that is not filled by the lens 6 . The volume of space 4 may, however, also

be filled with, for example, silicone rubber. In other embodiments, the lens may be of a form

such that the lens 6 encloses the converting element 3 and the electroluminescent light-source

2 directly without a volume of space 4 being formed. In other embodiments, the arrangement

according to the invention may also be operated without a lens 6 (and hence without a

volume of space 4).

Fig. 2 shows a further embodiment of arrangement according to the invention

in which, in contrast to the embodiment shown in Fig. 1, the second electroluminescent light-

source 22 is coupled to the light-converting element 3 laterally relative to the mean direction

of emission 5 . In this arrangement, the second primary radiation 52 is coupled into the light-

converting element 3 at right angles to the first primary radiation 51, which produces good

mixing of the two primary radiations even when the light-scattering effect of the phosphor-

converting material is not so very great. In other embodiments, the arrangement according to

the invention may also be operated without a lens 6 (and hence without a volume of space 4).

Fig. 3 is a plan view of a further embodiment of arrangement according to the

invention. In this case, eight first electroluminescent light-sources 2 1 are positioned, in an

area, in a 3 x 3 arrangement with an edge-length A, with a second electroluminescent light-

source 22 in the center of this arrangement. The shaded area represents the light-converting

element 3 that, looking in the direction of emission, is arranged above the light sources and

whose lateral faces are made reflective by means of a reflective layer 7 . To ensure that the

two primary radiations 51 and 52 are mixed in their entirety, the light-converting element 3

may, for example, be of a thickness D that, in the mean direction of emission of the light, is



equal to or greater than the edge length A. The fact of the second electroluminescent light-

source 22 being centrally positioned provides additional assistance with the mixing of the

two primary radiations 5 1 and 52. It would also be possible for the second electroluminescent

light-source 22 to be arranged at the edge of an arrangement of this kind if either the light-

distributing properties of the light-converting element were greater or its thickness D were

larger.

In a further embodiment, the arrangements according to the invention may

comprise a light-converting element 3 that is also made reflective, on the side adjacent the

electroluminescent light-sources 2 1 and 22, in those regions by which no primary radiation

5 1 or 52 is coupled into the light-converting element 3 . Because of this, no retro-reflected or

back-scattered primary and/or secondary radiation 51, 52 or 53 is able to leave the

arrangement according to the invention in a direction opposite from the mean direction of

emission 5, which increases the brightness of the arrangement in the direction of the mean

direction of emission 5.

To allow the color point of the mixed light 5 emitted by the arrangement

according to the invention to be set in variable manner, the second electroluminescent light-

source 22 has to be operated independently of the first electroluminescent light-source 21.

Fig. 4 shows an embodiment for this purpose in which an operating unit 9 applies a first

operating voltage to the first light-source 2 1 by means of electrical connecting means 9 1 and

a second operating voltage to the second light-source 22 by means of connecting means 92

able to be operated independently of the first means. The first and second operating voltages

can be set by the operating unit 9 to be different, in a variable manner, by means of

appropriate drivers. Drivers of this kind are known in the prior art. Because the brightness of

the primary radiations 5 1 and 52 emitted is proportional to the operating voltage, any desired

brightness ratios can thus be set between the first and second primary radiations and the color

point of the mixed light made up of the primary and secondary radiation can thus be shifted

accordingly. In a further embodiment, the operating unit 9 comprises a control unit 10 having

a memory area in which are stored the color points able to be set with the arrangement

according to the invention as a function of the individual operating voltages. The control unit

10 is then able to set the color point of the mixed light 5 as desired by taking the desired

stored values. The control unit 10 may also comprise algorithms for compensating for the

effects of ageing (by, for example, adjusting the current as a function of time relative to the

original current level at the time of initial operation), which algorithms would cause a shift in



the color point and would thus, by means of a timer, make a correction throughout the

working life to allow a given color point to be stabilized.

For the light-converting element 3 to give the light-distributing effect

according to the invention, the phosphor-converting material of the converting layer must

have a suitable light-scattering effect. This suitable light-scattering effect is achieved by

making the material either a poly crystalline ceramic material that has a plurality of pores of a

mean diameter of between 250 nm and 2900 nm, or a plurality of oxidic particles of a

diameter of between 50 nm and 5000 nm, or making it a combination of corresponding pores

and oxidic particles. The refractive index of the pores and the oxidic particles must be

appreciably different from the refractive index of the phosphor-converting material in this

case. The light-scattering effect becomes all the greater, the greater is the difference between

the refractive indexes and/or the greater is the number of scattering centers of this kind.

Whereas the refractive index of the pores, which are typically air- filled pores for which n = 1,

differs appreciably from that of any phosphor-converting material, the oxidic particles should

have a refractive index that is lower than that of the light-converting material, being, for

example, particles OfAl O having a refractive index of 1.76.

An example of a light-converting material according to the invention is a

cerium-doped YAG ceramic that is produced as follows:

The ceramic material is produced from a mixture of 100 g of AI2O3 (mean

grain size 0.35 µm, purity 99.99%), 120.984 g of Y2O3 (mean grain size 0.70 µm, purity >

99.99%), 2 1. 835 g of Gd2O3 (mean grain size 0.40 µm) and 1.0 197 g of CeO2 (mean grain

size 0.40 µm, purity > 99.0%) that is milled for an hour with 850 ml of isopropanol and 5.0

kg of aluminum oxide milling balls (diameter 2 mm) in a roller mill. The quantitative

amounts given allow for the loss of water and CO2 from the powder at incandescence and are

therefore greater than the amounts that will subsequently be present in the ceramic material.

The losses by incandescence are determined by heating to incandescence in air at 12000C

until the weight is constant. The dried mixture in powder form is then processed into a

granular material with a polyvinyl binder and dried at 1100C. The granular material is then

pressed uniaxially into a green compact and is recompressed in a cold isostatic press at a

pressure of 3.2 kbar. After a step comprising the burning out of the binder at 6000C in air, the

green compact is sintered for 2 h at 17500C in an atmosphere of CO. What is obtained after

the sintering is a ceramic material 3 1 of a density of 4.66 g/cm3, which corresponds to a

relative density of 98.73%. After the post-processing of the ceramics by grinding, polishing

and sawing, the individual converter wafers are post-annealed again for 4 h in air at 13500C.



As an alternative to a ceramic Gd-YAG: Ce material, what may also be produced by the

appropriate method, in other embodiments, for the conversion of at least part of primary

radiation of wavelengths from 420 nm to 480 nm into longer- wavelength secondary radiation

are the following materials:

Lu3-x-yYxAl50i2:Cey, where 0 < x < 1, 0.001 < y < 0.1 and the secondary

radiation is at 515 - 540 nm, Y3 x yTbxAl50 i2 :Cey, where 0 < x < 1, 0.001 < y < 0.1 and the

secondary radiation is at 550 - 590 nm or Lu3-x-y-zYχAl5_aSia0 i2-aN a:CeyPrz where 0 < x < 1,

0.001 < y < 0.1, 0.0005 < z < 0.01, 0.01 < a < 0.8 and the secondary radiation is at 540 - 630

nm.

Other oxidic materials such as (Sri_x_yCaxBay)2-zSiθ 4:Euz, where 0 < x < 0.4, 0

< y < 0.8, 0.001 < z < 0.01 and the secondary radiation is at 520 - 600 nm can be produced by

the following methods:

- mixing and calcining of SrCO , CaCo 3 and, as an option, BaCO 3 with Eu O3

and SiO at 11000C in a reducing atmosphere

- milling of the raw phosphor powder

- hot-pressing of the raw phosphor powder at 13000C - 14000C at a pressure of

20 - 100 Mpa under vacuum or in an inert or reducing atmosphere.

What may be used as ceramic materials are cubic materials, such as

YAG for example, or non-cubic materials such for example as orthosilicates such as (Sri_x_

yCaxBay)2-zSiθ 4:Euz. Non-cubic materials have different refractive indexes in different

directions in space because the crystal structure is different in different orientations. There

are said to be different crystallographic axes. Therefore, due to the orientation in space of

different regions (crystallites or grains) in the polycrystalline ceramic material, the refractive

index may change along the path followed by the light, even though the composition remains

the same. As a function of the difference in refractive index along different crystallographic

axes in non-cubic materials, the scattering power required in material o f this kind is set by

means of additional scattering centers (particles or pores).

The size of the oxidic particles in a polycrystalline ceramic material can also

be set byway of the conditions of production. Taking the example of YAG: Ce (primary

phase) having Al2O3 oxidic particles (secondary phase) the scatter can be set, independently

of pores, by way of the concentration and grain size of the Al2O3 starting powder that is used.

A YAG ceramic containing an excess of Al forms an Al2O3 secondary phase whose grain

size is approximately 2 to 10 times the grain size of the Al2O3 powder used. In this way, there

is obtained, in a YAG: Ce ceramic containing a 5% excess of Al for which an Al2O3 powder



having a mean grain size of 400 nm is used, approximately a proportion amounting to 4% by

weight of an AI2O3 secondary phase (a slight excess of Al can be tolerated in the YAG lattice

due to antisite defects) having a grain size of 1 - 4 µm. If, for example, an AI2O3 powder

having a mean grain size of 1 µm were used, then in this case too the grain sizes of the

secondary phase would be at least as large as those of the powder used but could also be

appreciably larger. For the same concentration of the secondary phase, the mean diameter of

its grains is all the smaller (more scatter) the smaller is the mean diameter of the oxidic

precursor constituent (starting material) that is used and that forms the secondary phase. With

ceramic materials that are different in the appropriate way, other suitably produced

secondary-phase particles may also be used for the scattering of light in place OfAl Os.

The size of the pores contained in the poly crystalline ceramic material may be

determined by a measurement of the scattering of light, as is shown by way of example in

Fig. 5. In this case, a wafer of a ceramic light-converting material of a thickness of 150 µm

was illuminated by a laser having a wavelength of 660 nm perpendicularly to the plane of the

cut and the light distribution after passing through the polycrystalline ceramic material

(transmission T) was determined for a range of angles Θ to the normal to the wafer from -80°

to 80°. The measured results are shown as a dotted curve in Fig. 6, together with the light

distributions calculated for the Mie scattering, that occurs in the polycrystalline ceramic

material used, at particles having a refractive index n = 1 (pores filled with air) (solid curves

A*, B, C), as calculated for three different pore diameters. What is meant by Mie scattering is

the scattering of electromagnetic waves at spherical objects. In the Figure, curve A is the

light distribution for a pore diameter of 700 nm, curve B is that for a pore diameter of 900 nm

and curve 31 is that for a pore diameter of 800 nm. Curve C is an excellent match to the light

distribution measured, which gives a mean pore diameter of 800 nm for the polycrystalline

ceramic material.

Embodiments:

Fig. 6 shows the emission spectrum of an arrangement according to the

invention for emitting mixed light. In the Figure, the intensity of the primary and secondary

radiation emitted (in arbitrary units) is plotted as a function of wavelength λ in nanometers.

The solid curve represents the emission spectrum of the primary radiation emitted by the first

and second electroluminescent light-sources 2 1 and 22 before it passes through the light-

converting element 3. The dashed line represents the resulting emission spectrum of the

mixed light after the primary radiation has passed through the light-converting element,

which in the present example comprises a light-converting material whose composition is



Y2.64Gdo.3Ceo.o6AlsOi2, whose density is 99% of the theoretical maximum density of the

corresponding crystalline material, and whose thickness in the direction of the mean direction

of emission is 150 µm . In this example, the mixed light 5 from the arrangement according to

the invention has a correlated color temperature of 3622 K for a lumen equivalent of

367 lm/W, a color rendering index Ra = 84, color coordinates of x = 0.4074 and y = 0.4124

and a maximum variation in color point over the angle of viewing ∆uV = 0.008. A tiny

variation in color of this kind is not perceptible to the viewer and the color point is thus no

longer dependent for the viewer on the angle of viewing.

Fig. 7 shows the change in color point ∆uV as a function of the angle of

viewing B for the arrangement according to the invention to which Fig. 6 relates (■ ) having

a blue first and a red second electroluminescent light-source, compared with a prior art

phosphor-converted arrangement (o) having merely a blue electroluminescent light-source.

The same light-converting material Y2.64Gdo.3Ceo.o6Al5Oi2, having a density of 99% of the

theoretical maximum density of the corresponding crystalline material and a thickness of

150 µm in the direction of the mean direction of radiation, was used for both arrangements.

The blue electroluminescent light-sources had a color point at x = 0.1495 and y = 0.0309 in

the CIE 1931 chromacity diagram and the red electroluminescent light-source had a color

point at x = 0.6760 and y = 0.3238 in the CIE 1931 chromacity diagram. Whereas the prior-

art arrangement shows a variation in the color point of up to 0.055 over the angle of viewing

∆uV, this variation is lower by a factor of more than 6 in the case of the arrangement

according to the invention. A variation of ∆uV = 0.055 can easily be perceived by a viewer.

Therefore, in contrast to the arrangement according to the invention, in the prior-art

arrangement the color point is very much dependent on the angle of viewing.

Fig. 8 shows, in schematic form, the color points in the CIE 1931 chromacity

diagram that are able to be set with the arrangement according to the invention to which

Figs. 6 and 7 relate, when the intensities of the light emitted by the first and second light-

sources can be set independently of one another. In this case, (a) is the color point of the blue

first electroluminescent light-source, (c) is the color point of the red second

electroluminescent light-source and (b) is the color point of the light-converting element that

is determined by the light-converting material that is selected. The color point (d) is set by

selecting the thickness and absorbing capacity of the light-converting element for the first

primary radiation having the color point (a). By varying the conditions of operation of the

first and second electroluminescent light-sources by means of the operating unit, and by

means of the resulting variation in the intensities of the first and second primary radiations,



the color point of the mixed light 5 can be set as desired along the straight line between (d)

and (c). The area marked W is the SAE color white area and the curve marked WK is the CIE

defining curve for white light.

The embodiments that have been elucidated by reference to the drawings and

the description are only examples of an arrangement according to the invention for emitting

mixed light and of a light-converting element and are not to be construed as limiting the

claims to these examples. Alternative embodiments are also conceivable by the person skilled

in the art, and these too are covered by the scope of the claims. The numbering of the

dependent claims is not intended to imply that other combinations of the claims do not also

constitute advantageous embodiments of the invention.



CLAIMS:

1. An arrangement for emitting mixed light (5) comprising primary and

secondary radiation (51, 52, 53) in a mean direction of emission (5), comprising

- at least one first electroluminescent light-source (21) for emitting first

primary radiation (51) having a maximum intensity at a first wavelength,

at least one second electroluminescent light-source (22) for emitting

second primary radiation (52) having a maximum intensity at a second wavelength greater

than the first wavelength, and

- a light-converting element (3) for absorbing at least one of the

primary radiations (52, 52) and re-emitting the secondary radiation (53), which light-

converting element (3) is so arranged that the entire proportion of primary radiation (51, 52)

in the mixed light has passed through the light-converting element (3), and that the light-

converting element (3) comprises a ceramic light-converting material whose microstructure is

selected to be such that the color point of the mixed light (5) comprising primary and

secondary radiation is substantially independent of the angle of viewing (B).

2 . An arrangement for emitting mixed light (5) as claimed in Claim 1,

characterized in that the first wavelength is in the blue or ultraviolet region of the spectrum

and the second wavelength is in the red region of the spectrum.

3 . An arrangement for emitting mixed light (5) as claimed in Claim 1 or 2,

characterized in that the ceramic light-converting material comprises a plurality of oxidic

particles whose mean diameter is between 50 nm and 5000 nm.

4 . An arrangement for emitting mixed light (5) as claimed in Claim 3,

characterized in that the difference between the refractive index of the ceramic light-

converting material and the refractive index of the oxidic particles is more than 0.2.



5 . An arrangement for emitting mixed light (5) as claimed in Claim 3 or 4,

characterized in that the ceramic light-converting material comprises a plurality of pores

whose mean diameter is between 250 nm and 2900 nm.

6 . An arrangement for emitting mixed light (5) as claimed in any one of the

preceding claims, characterized in that the density of the ceramic light-converting material is

more than 97% of the theoretical maximum density of the corresponding crystalline material.

7 . An arrangement for emitting mixed light (5) as claimed in any one of the

preceding claims, characterized in that the light-converting element (3) is coupled optically to

the first (21) and second (22) electroluminescent light-sources, preferably by a layer of

silicone (8) between the light-converting element (3) and the light-sources (21, 22).

8. An arrangement for emitting mixed light (5) as claimed in any one of the

preceding claims, characterized in that the light-converting element (3) comprises, on the

side-faces having surface normals substantially perpendicular to the mean direction of

emission of the mixed light (5), a reflective layer (7).

9 . An arrangement for emitting mixed light (5) as claimed in any one of the

preceding claims, characterized in that the intensities of the first and second primary

radiations (51, 52) can be set in a variable manner, independently of one another, by means

of an operating unit (9).

10. A light-converting element (3) intended for emitting mixing light (5) produced

from primary and secondary radiation (51, 52, 53) in a mean direction of emission (5), and

for absorbing at least one of the primary radiations (51, 52) and re-emitting the secondary

radiation (53), which light-converting element (3) comprises a ceramic material whose

microstructure is selected to be such that the color point of the mixed light (5) produced from

primary and secondary radiation (51, 52, 53) is substantially independent of the angle of

viewing (B).
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