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(57) ABSTRACT 

The invention describes a method for producing a light 
emitting-diode (LED) light Source, particularly comprising 
mixed-color LEDs, wherein at least a portion of primary 
radiation emitted by a chip is transformed by luminescence 
conversion. Said chip comprises a front-Side (i.e., the Side 
facing in the direction of radiation) electrical contact to 
whose Surface a luminescence conversion material is applied 
in the form of a thin layer. Prior to coating, the front-side 
electrical contact is raised by the application of an electri 
cally conductive material to the electrical contact Surface. 
The method enables Specific color coordinates to be adjusted 
selectively by monitoring the color coordinates (IEC chro 
maticity diagram) and thinning the layer of luminescence 
conversion material. In addition, the method is Suited in 
particular for Simultaneously producing a plurality of LED 
light Sources from a multiplicity of Similar chips in a wafer 
composite. 
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METHOD FOR PRODUCING ALIGHT SOURCE 
PROVIDED WITH ELECTROLUMNESCENT 
DODES AND COMPRISING ALUMNESCENCE 

CONVERSION ELEMENT 

0001. The disclosure content of German Patent Applica 
tions 10257664.5 and 10250633.7, whose priority is claimed 
by the present patent application, is hereby incorporated by 
reference. 

0002 The invention relates to a method for producing a 
an LED (light-emitting-diode) light Source wherein at least 
a portion of primary radiation emitted by a chip is wave 
length-converted. In this method, a luminescence conver 
Sion element is applied directly to the chip Surface in the 
form of a thin layer. 
0003) A component comprising a luminescence conver 
sion element is known, for example, from Pre-Published 
German Patent Application WO 97/50132. It comprises a 
Semiconductor chip that emits primary radiation when in 
operation, and a luminescence conversion element by means 
of which a portion of the primary radiation is converted into 
light of another wavelength. The resulting optically percep 
tible radiation from the LED light source is created by 
overlapping of the two radiations, So that light Sources 
particularly emitting white light can be produced by this 
CS. 

0004. The luminescence conversion element ordinarily 
comprises a phosphor embedded in a matrix material. Suit 
able for use as phosphors are, for example, inorganic phos 
phors, Such as garnets doped with rare earths (particularly 
Ce), or organic phosphors, Such as perylene phosphors. 
Further suitable phosphors are cited for example in WO 
98/12757, whose content in that respect is incorporated 
herein by reference. 
0005 To obtain particularly good mixing of the radiation 
and thus a resultant radiation that is largely chromatically 
homogeneous, it is advantageous to apply the phosphor 
directly and evenly to the chip Surface, So that the lumines 
cence conversion element causes the Smallest possible dif 
ferences in the path length of the primary radiation. For 
example, the luminescence conversion material can be 
applied to the surface of the LED chip, in the form of a thin, 
homogeneous layer of constant thickness, even before the 
chip is mounted on a leadframe and electrically contacted. 
The application of thin layers can be performed in a number 
of ways and is Suitable in particular for the Simultaneous 
production of multiple LED light sources from LED chips 
disposed in a wafer composite along with a multiplicity of 
Similar chips. This approach also, insofar as possible, pre 
vents color fluctuations of the LED light sources due to 
Sedimentation of the conversion materials. 

0006. However, a thin layer cannot be applied in a 
straightforward manner if the LED chip used has electrical 
contact layers on its front Side (that is, the Side facing in the 
direction of radiation), as is usually the case, for example, 
with GaN-based diodes on an SiC Substrate. Care must be 
taken to preserve electrical contactability in coating the 
surfaces of such LED chips. 
0007. The object underlying the present invention, there 
fore, is to develop a method for the Simple and low-cost 
coating of LED chips comprising a front-Side electrical 
COntact. 
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0008. This object is achieved by means of a method 
according to Claim 1. Claims 2 to 14 contain advantageous 
improvements of the invention. 
0009 Amethod according to Claim 1 particularly enables 
multiple LED light Sources to be produced simultaneously 
from Similar LED chips in a wafer composite. 
0010. The method also permits easy monitoring of the 
color coordinates (CIE chromaticity diagram) of the LED 
light Source and thus also controlled adjustment of the color 
coordinates during the production process. 
0011. According to the method, an LED chip is prepared 
that has at least one top-side electrical contact in the form of 
an electrical contact Surface. This electrical contact is then 
raised by being thickened by the application of an electri 
cally conductive material to the electrical contact Surface. 
The height of the contact should be at least as great as the 
intended ultimate thickness of the luminescence conversion 
layer. The Surface of the chip is coated with luminescence 
conversion material in a further method step. 
0012. With the inventive method, chips that are electri 
cally contactable on the front Side can be coated without 
regard for the front-Side contacts. The onerous process of 
coating while leaving electrical contacts or contact Surfaces 
exposed (e.g. by means of a mask) is thereby reduced to the 
Simple and low-cost approach of coating a continuous 
Surface. 

0013 The luminescence conversion material preferably 
comprises a radioparent matrix material that is replaced with 
a phosphor. 

0014. The matrix material can, for example, comprise 
SiO, and/or Al-Os, whereby the luminescence conversion 
material attains a consistency (e.g. hardness) that can be 
thinned down in a number of ways without problems and in 
a controlled manner. 

0015. In a particularly preferred embodiment of the 
method, the radioparent matrix material comprises an oxide 
and/or a nitride whose refractive index is between 1.5 and 
3.4. The use of a luminescence conversion material whose 
refractive index does not differ greatly from that of the LED 
chip surface and is between the refractive index of the LED 
chip Surface and that of the environment eliminates losses of 
radiant intensity due to reflection at interfaces. 
0016 Particularly advantageously, according to the 
method terminals that are coated with luminescence con 
version material are then at least partially exposed by 
thinning the luminescence conversion material. That is, the 
electrical terminals need not be exposed completely, but 
rather it will Suffice if only a partial area of an electrical 
terminal is exposed. This simple expedient makes it possible 
to use many different coating methods, Such as for example 
Vapor deposition or Sputtering, for coating front-Side elec 
trical terminals. 

0017. In a preferred embodiment of the method, the layer 
of luminescence conversion material is Subsequently evened 
by thinning. Unevenness, for example due to the raised 
front-Side electrical contacts, can materialize in the layer 
during coating. Thinning the contacts results in Smaller 
fluctuations and better reproducibility of the color coordi 
nates (CIE chromaticity diagram) of the LED light Sources. 
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0.018. The color coordinates of the LED light source can 
Subsequently be monitored with particular advantage owing 
to the top-side electrical contact. This monitoring can pref 
erably be done during the thinning of the applied lumines 
cence conversion material, and is feasible as Soon as the 
top-side electrical contact is exposed. 
0019. The thickness of the layer of luminescence con 
version material can be adjusted as necessary by thinning. 
0020. In addition, the correlation between the thickness 
of the luminescence conversion layer and the color coordi 
nates can be determined by monitoring the color coordinates 
of the LED light source. This can be used with particular 
advantage to adjust the color coordinates Selectively by 
thinning the applied luminescence conversion material. 
0021. The method is particularly preferably suited for the 
Simultaneous production of plural LED light Sources 
through the use of a multiplicity of similar LED chips that 
are preferably still disposed together in an original wafer 
composite. The respective method steps for the chips of the 
wafer composite take place at least Substantially Simulta 
neously. This results in much more efficient and lower-cost 
production of the LED light sources. 
0022. Since an LED chip can emit light not only from the 
front side but also laterally, with chips of this kind it is 
particularly advantageous also to at least partially coat the 
lateral sides of the LED chip with luminescence conversion 
material. When coating a multiplicity of LED chips in the 
wafer composite, it is advantageous in this case to create 
troughs, along Scribe lines between the individual chips, 
which can then be at least partially filled with luminescence 
conversion material during the Subsequent coating of the 
chip. 
0023. A further possibility is first to fixedly mount the 
entire wafer composite with its underside on a carrier and 
then to Singulate the chips from the wafer composite in Such 
a way that they continue to be held together on the carrier, 
i.e., are Still held in a composite by means of the carrier. This 
also ensures that the lateral sides of the LED chip will be at 
least partially coated with luminescence conversion material 
during the Subsequent coating process. 

0024. The possibility of monitoring the color coordinates 
of the LED light Source during the thinning of the lumines 
cence conversion material can also be utilized advanta 
geously when the inventive method is used for the Simul 
taneous production of a plurality of LED light Sources from 
a multiplicity of Similar chips in a wafer composite. Deter 
mining and recording the respective color coordinates and 
positions of the LED light Sources in the wafer composite 
makes it possible to Sort the LED light Sources according to 
their color coordinates, in order to obtain LED light Sources 
whose color coordinates meet more precise Specifications. 
0.025 The inventive method can be used particularly 
advantageously to adjust the LED light Sources of an entire 
wafer composite to a given Set of color coordinates with 
utmost precision. Since the height of the LED chips of a 
wafer composite is not uniform over the entire wafer, and 
height variations of for example 20 um can occur, uniform 
thinning of the luminescence conversion material Over the 
entire wafer leads to different thicknesses for the lumines 
cence conversion material. This problem can be Solved with 
the aid of the inventive method by dividing the wafer into 
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regions of LED light Sources of like color coordinates once 
the respective color coordinates and positions of the LED 
light Sources in the wafer have been determined and 
recorded. Each of these regions can be adjusted to a specific 
Set of color coordinates by thinning the luminescence con 
version material of the individual regions in a region 
Selective manner while continuously monitoring the color 
coordinates of one of the LED light Sources in the region 
concerned. 

0026 Further advantages and preferred embodiments 
will emerge from the following description of three embodi 
ment examples in conjunction with FIGS. 1a to 2b. Therein: 
0027 FIGS. 1a to 1f are schematic sectional views of a 
wafer during various method Stages of an embodiment 
example, 

0028 FIGS. 2a and 2b are schematic sectional views of 
a wafer during various method Stages of a Second embodi 
ment example, and 
0029 FIGS. 3a and 3b are schematic sectional views of 
a wafer during various method Stages of a third embodiment 
example of the inventive method. 
0030 FIG. 1a shows a wafer 1, comprising an SiC 
substrate 11 and an InCaN-based epitaxial semiconductor 
layer sequence 10 with a radiation-emitting active Zone (not 
illustrated). The active Zone comprises, for example, a 
radiation-generating p-n junction or a radiation-generating 
Single or multiple quantum structure. Structures of this kind 
are known to the skilled person and thus will not be 
explained in more detail. A multiple quantum Structure is 
described, for example, in WOO1/39282 A2, whose content 
in that respect is incorporated by reference. Front-side 
electrical contact Surfaces 2 are applied to wafer 1 in each of 
a plurality of chip frames. 
0031) A further method step is illustrated in FIG. 1b, in 
which the height of the electrical contacts is increased by 
applying an electrically conductive material 3 to electrical 
contact Surfaces 2. Here the electrically conductive material 
3 is roughly ellipsoid and can be gold, for example. The fact 
that the electrically conductive material 3 merely has to have 
a minimum height, and not the same height in each case, is 
a further advantage of the method. 
0032. Thereafter, as depicted in FIG. 1c, the entire front 
Side Surface of the wafer composite 1 is coated with a 
luminescence conversion material 4, which can be done, for 
example, by vapor-deposition, Sputtering, spin-coating or 
another Surface coating method. The luminescence conver 
Sion material can, for example, be a Ce-doped garnet mate 
rial, particularly YAG:Ce. In this step as well, it is important 
that the applied layer of luminescence conversion material 4 
have a certain minimum thickness over the entire region of 
the wafer. 

0033. A uniform thickness for the applied layer of lumi 
neScence conversion material 4 is achieved by Subsequent 
thinning of the cured luminescence conversion layer, which 
is illustrated in FIG. 1d. The thinning is performed abra 
Sively by means of a grinding Surface 5. 
0034. As soon as the electrically conductive material 3 is 
exposed by thinning, Selective electrical contacting is pos 
Sible, together with the application of a Voltage to regions of 
individual chips. This makes it possible to determine the 
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color coordinates of the emitted light 6 by means of a 
spectrometer 7, as illustrated in FIG. 1e. The thinning is 
continued selectively until, for example, all the LED light 
Sources emit white light. 
0035) It is, for example, possible to thin the luminescence 
conversion material in Substantially the same degree over all 
the chips. Since the color coordinates of the LED chips of a 
wafer usually vary in a distributed manner across the wafer, 
the wafer can alternatively be divided into regions contain 
ing LEDs that have Similar color coordinates. The lumines 
cence conversion material is then thinned down in a region 
ally selective manner and the color coordinates of the LED 
light Sources in a region are adjusted, advantageously by, for 
example, continuously monitoring the color coordinates of 
only one LED light Source in a region during the thinning 
process. The respective color coordinates and positions on 
the wafer of all the LED light sources can then be deter 
mined and recorded, e.g. by producing what is known as a 
wafer map. 
0.036 FIG. 1f, finally, depicts the singulation of the chips 
from the wafer composite 1 along scribe lines 8. This can be 
done by Sawing, for example. The Singulated chips can now 
be sorted on the basis of their color coordinates. 

0037. In the second embodiment example of the inven 
tive method, illustrated in FIGS.2a and 2b, in contrast to the 
above-described embodiment example according to FIGS. 
1a to 1.f, prior to coating with luminescence conversion 
material 4, troughs 12 are produced (FIG. 2a) on the front 
side in the chip frame on wafer 1 along scribe lines 13; this 
can be done by Sawing, for example. AS the method pro 
ceeds, enough luminescence conversion material 4 is 
applied to the front Sides of the chips. So that over the troughs 
12 the layer reaches at least to above the electrically con 
ductive material 3 (FIG. 2b) applied to electrical contact 
surfaces 2. The sides 14 of the troughs 12 thus are com 
pletely covered with luminescence conversion material 4. 
The luminescence conversion material 4 deposited in the 
troughs 12 causeS radiation decoupled through the lateral 
sides of the chip to be converted as well. As illustrated in 
FIG. 2b, after the luminescence conversion material 4 has 
been thinned, the chips are singulated along Scribe lines 13. 
0.038. Instead of troughs being produced along scribe 
lines on the front Side of the wafer, the wafer can alterna 
tively be mounted with its underside on a carrier and the 
chips can Subsequently be Singulated from the wafer com 
posite in Such fashion that they are held together by the 
carrier and the individual chips have a defined spacing from 
one another (not shown). The Singulation can be performed 
by Sawing, for example. The carrier can be an adhesive 
and/or stretch film, for example. A Stretch film can, for 
example, be stretched after the Singulation of the chips So as 
to uniformly increase the mutual spacing of the chips in one 
or more directions. 

0.039 Luminescence conversion material can then be 
applied to the carrier So that the gaps between adjacent chips 
are partially or completely filled. In this embodiment 
example, all the Surfaces of the chip including the back Side 
can be completely covered with luminescence conversion 
material, thus permitting an especially homogeneous radia 
tion characteristic for LED light Sources produced in this 

C. 

0040. In the third embodiment example, depicted in 
FIGS. 3a and 3b, in contrast to the above-described embodi 
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ment example according to FIGS. 1a and 1.f, luminescence 
conversion material 4 is applied in Such a way that the 
applied electrically conductive material 3 is not covered on 
the front Side. This can be effected, for example, by using a 
luminescence conversion material 4 of very low Viscosity, 
which is applied to at least one location between the elec 
trical contacts and then, owing to its low Viscosity, spreads 
evenly over the Surface. No thinning of the luminescence 
conversion material is needed in this case, and the electri 
cally conductive material 3 remains at least partially 
exposed. Once the luminescence conversion material 4 has 
cured, the LED light Sources can be singulated. 
0041. The description of the method on the basis of the 
embodiment examples is, of course, not to be construed as 
limiting he invention thereto. For example, the front Side of 
the chip can be the Side of the Substrate facing away from the 
Semiconductor layer Sequence, which is the case, for 
example, with LED chips intended for flip-chip mounting. 
The chip can also have more than one electrical contact on 
its front Side. In general, the invention encompasses every 
novel feature and every combination of disclosed features, 
particularly including every combination of features Set out 
in the claims, even if that combination is not explicitly cited 
in the claims. 

1. A method for producing an LED light Source, particu 
larly comprising mixed-color LEDs, wherein at least a 
portion of primary radiation emitted by a chip is transformed 
by luminescence conversion, comprising the Steps of 

preparing a chip comprising a front-Side electrical contact 
in the form of an electrical contact Surface, 

thickening Said front-Side electrical contact by applying 
an electrically conductive material to Said electrical 
contact Surface, 

coating Said chip with a luminescence conversion mate 
rial. 

2. The method as described in claim 1, wherein said 
luminescence conversion material comprises a radioparent 
matrix material that is replaced with a phosphor. 

3. The method as described in claim 2, wherein said 
radioparent matrix material comprises SiO, and/or Al-O. 

4. The method as described in claim 2, wherein said 
radioparent matrix material comprises an oxide and/or a 
nitride whose refractive index is between 1.5 and 3.4. 

5. The method as described in claim 1, wherein electrical 
terminals that are coated with luminescence conversion 
material are then exposed by thinning the luminescence 
conversion material. 

6. The method as described in claim 1, wherein the layer 
of luminescence conversion material is evened by thinning. 

7. The method as described in claim 1, wherein monitor 
ing of the color coordinates (CIE chromaticity diagram) of 
the LED light Source is Subsequently performed. 

8. The method as described in claim 1, wherein the 
thickness of the layer of luminescence conversion material 
is adjusted by thinning it. 

9. The method as described in claim 8, wherein during 
Said thinning, the color coordinates of the LED light Source 
are adjusted over the thickness of the layer of luminescence 
conversion material by being monitored. 
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10. The method as described in claim 1, wherein 
the chip emitting the primary radiation is disposed in a 

wafer composite with a multiplicity of additional Simi 
lar chips, 

each of the method steps takes place Simultaneously for 
the chips of the entire wafer composite, 

the chips are Subsequently singulated into LED light 
SOUCCS. 

11. The method as described in claim 10, wherein before 
the chips are coated with luminescence conversion material, 
troughs are made along Scribe lines between the individual 
chips, So that during the Subsequent coating of the chips with 
luminescence conversion material Said troughs are at least 
partially filled with luminescence conversion material. 

12. The method as described in claim 10, wherein before 
the chips are coated with luminescence conversion material, 

the entire wafer composite is mounted with the underside 
on a carrier, 

the chips are Singulated from the wafer composite in Such 
a way that they continue to be held together on Said 
carrier, 

during the coating of the chips, the lateral sides of the 
Singulated chips are at least partially coated with lumi 
neScence conversion material, 
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the chips are Subsequently singulated into LED light 
Sources from their composite held together by Said 
carrier and Said luminescence conversion material. 

13. The method as described in claim 10, wherein before 
Said chips are singulated into LED light Sources their 
respective color coordinates and positions are determined 
and recorded, and after Singulation the LED light Sources are 
Sorted on the basis of their color coordinates. 

14. The method as described in claim 10, wherein before 
the chips are singulated the following method steps are 
performed: 

determining and recording the respective color coordi 
nates and positions of the LED light Sources, 

dividing the wafer into regions containing LED light 
Sources that have Similar color coordinates, 

adjusting the regions containing LED light Sources that 
have similar color coordinates to a specific Set of color 
coordinates by regionally Selective thinning of the 
luminescence conversion material in the individual 
regions, and 

monitoring the color coordinates of one of the LED light 
Sources of the region concerned. 


