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(57) Abstract: The invention refers to a light emitting device (100) comprising a semiconductor chip (1) having a main radiation
surface (10), which emits UV light (5) in operation,a phosphor (2), which is arranged in the radiation beam of the UV light (5), absorbs
partially the UV light (5), wherein the phosphor (2) converts the UV light (5) into visible light (6), so that the device emits mixed light
comprising the UV light (5) as well as visible light (6).
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Description

LIGHT-EMITTING DEVICE AND METHOD FOR PRODUCING A LIGHT-
EMITTING DEVICE

A light-emitting device is specified. Furthermore a method

for producing a light-emitting device is specified.

One object to be achieved is to specify a light-emitting
device which has good properties for use in medical
applications or as an indicator showing the operational

capability.

Furthermore, another object to be achieved is to produce a
light-emitting device which has good properties for use in
medical applications or as an indicator showing the

operational capability.

This object is or these objects are achieved, inter alia, by
means of a light-emitting device and by means of a method for
producing a light-emitting device comprising the features of
the independent patent claims 1 and 17. Preferred

developments and advantageous embodiments are provided in the

dependent claims.

According to at least one embodiment, the light-emitting
device comprises a semiconductor chip. The semiconductor chip
has a main radiation surface. The main radiation surface
emits UV light or at least UV light in operation. The light-
emitting device comprises a phosphor. The phosphor is
arranged in the radiation beam of the UV light. The phosphor
absorbs in operation at least partially the UV light and
converts the UV light, in particular the absorbed UV light,
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into visible light. Therefore, the device emits mixed light

comprising the UV light as well as the visible light.

According to one aspect of the invention, the light-emitting
device is a light-emitting diode, in particular an inorganic

light-emitting diode (LED).

The inventors have found that the described light-emitting
device has advantageous properties for use in medical

applications.

In particular the light emitting device, in particular the
light-emitting diode, comprises a semiconductor chip and at
least one phosphor. This arrangement can also be called a
phosphor integrated LED, which is able to emit visible light,
for example white light, around the semiconductor chip. The
semiconductor chip can be embodied as a UV LED. Therefore,
this light-emitting device alerts the user when the UV LED is
turned on with visible light around the UV LED, since UV

light is invisible to the user.

In accordance with at least one embodiment, the light-
emitting device comprises one or a plurality of semiconductor
chips. The semiconductor chip(s) comprise(s) at least one
semiconductor layer sequence. The semiconductor layer
sequence is preferably based on a III-V compound
semiconductor material. The semiconductor material is, for
example, a nitride compound semiconductor material such as
Al,Ini_,GayN or a phosphide compound semiconductor material
such as Al,Ini_,.GayP or an arsenide compound semiconductor
material such as Al,.Ini_nGadAs, wherein in each case

0 £n<1, 0£m<1andn +m < 1. In this case, the

semiconductor layer sequence can comprise dopants and
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additional constituents. For the sake of simplicity, however,
only the essential constituents of the crystal lattice of the
semiconductor layer sequences, that is to say Al, As, Ga, In,
N or P, are indicated, even if these can be replaced and/or

supplemented in part by small amounts of further substances.

The semiconductor layer sequence comprises one or a plurality
of active layers. The at least one active layer is designed
for generating an electromagnetic radiation, also called

light.

By way of example the active layer includes at least one pn-
junction or at least one quantum well structure. In
particular, the ultraviolet, visible and/or near infrared
radiation is/are generated in the active layer during
operation of the semiconductor chip. The radiation generated
in the active layer has a peak wavelength. The peak
wavelength is that wavelength at which the highest radiation

intensity is generated during operation as intended.

According to at least one embodiment the semiconductor chip
has a main radiation surface. The main radiation surface is
arranged perpendicular to the growth direction of the
semiconductor layer sequence of the semiconductor chip. The
semiconductor chip emits UV light via the main radiation

surface in operation.

According to at least one embodiment the wavelength or the
peak wavelength of the UV light lies in the range of between
280 nm and 380 nm, in particular between 315 nm and 380 nm,

for example 360 nm.
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According to at least one embodiment the light-emitting
device comprises at least one phosphor or a mixture of at
least two phosphors. The phosphor is arranged in the
radiation beam of the UV light. In particular the
semiconductor chip also comprises, beside the main radiation
surface, side surfaces which are arranged perpendicular to
the main radiation surface. The UV light is emitted in
particular via the main radiation surface and the side
surfaces. The phosphor is in particular arranged at the side
surfaces. The phosphor partially absorbs the UV light and
converts the UV light or the absorbed UV light into visible
light.

The light-emitting device emits mixed light, which comprises
UV light as well as the wvisible light. In other words, the
mixed light is the sum of the emitted UV light and the

emitted visible light.

According to at least one embodiment the semiconductor chip
has side surfaces, which are arranged perpendicular to the
main radiation surface, wherein the phosphor is arranged at
the side surfaces, wherein a maximum of 40 percent of the UV
light is absorbed and a maximum of 5 percent of the absorbed

UV light is converted into visible light by the phosphor.

According to at least one embodiment the semiconductor chip
has side surfaces, in particular four side surfaces if the
semiconductor chip is embodied as a cube or cuboid. The side
surfaces are arranged perpendicular to the main radiation
surface. In particular, the phosphor is arranged at the side
surfaces. In particular the phosphor is embodied as a layer.
The phosphor layer has in particular a thickness of 10 um, 20
pm, 30 pm, 40 pm, 50 pm, 60 pm, 70 pm, 80 pm, 90 pm or 100 um
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as the lower limit to 0,2 mm, 0,5 mm, 1 mm or 2 mm as the

upper limit.

A maximum of 40 % or 30 % or 20 % or 10 % of the UV light is
absorbed by the phosphor. Additionally a maximum of 1 %, 2 %,
3%, 4%, 5%, 10 %, 15 %, 20 %, 25 % or 30 % or 35 % of the
absorbed UV light is converted into visible light by the at

least one phosphor.

According to one embodiment the light-emitting device
comprises two phosphors. In particular, the phosphors emit
light with different peak wavelengths. For example, the first
phosphor emits blue or green light and the second phosphor

emits red or orange light.

According to at least one embodiment the semiconductor chip
is arranged on a substrate. The substrate is in particular a
growth substrate of the semiconductor layer sequence. A
possible material for the substrate can be gallium arsenide,
germanium or sapphire.

According to at least one embodiment a maximum of 30 % of the
UV light is absorbed by the phosphor. In particular a maximum
of 20 % or 10 % or 5 % or 1 % of the UV light is absorbed by
the phosphor.

According to at least one embodiment a maximum of 1 %, 2 % or
3 % of the absorbed UV light is converted into visible light

by the phosphor.

According to at least one embodiment the device emits UV

light as well as visible light at the same time in operation.



10

15

20

25

30

WO 2018/215068 PCT/EP2017/062646

According to at least one embodiment the device emits in
operation the UV light over the main radiation surface,
wherein the semiconductor chip comprises side surfaces which
are embedded by the phosphor, wherein the device emits in

operation the wvisible light via the side surfaces.

According to at least one embodiment the visible light is
white light. White light can be produced by mixing red, blue
and green light and/or by varying the intensities of the
individual red, blue and green emitted semiconductor

materials or phosphors.

According to at least one embodiment the visible light is

red, green or blue light.

According to at least one embodiment the phosphor or the at
least one phosphor forms a frame around the side surface of
the semiconductor chip. The frame can have a thickness of 10
pm, 20 pm, 30 pm, 40 pm, 50 pm, 60 pm, 70 pm, 80 pm, 90 pm or
100 uym as the lower limit to 0,2 mm, 0,5 mm, 1 mm or 2 mm as

the upper limit.

According to at least one embodiment the phosphor partially
converts the absorbed UV light (partial conversion). In
contrast to partial conversion, full conversion can mean that
in operation the device solely emits light which is converted

by the phosphor.

According to at least one embodiment the phosphor directly
borders the side surfaces of the device. In this context

“directly borders” means that no further layers or elements
are arranged between the phosphor or the phosphor layer and

the side surfaces of the device.
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According to at least one embodiment the phosphors, or the at
least one phosphor, are embedded in an organic matrix
material. An organic matrix material can be, for example,
silicone or epoxy resin. The phosphor can be embedded
homogenously in the organic matrix material. Alternatively,
the phosphor can have the concentration gradient in the
organic matrix material. The phosphor can be embodied as a
layer or an element like a frame. In particular, the phosphor
forms a frame around the side surfaces of the semiconductor
chip. The layer can have a homogenous layer thickness of 10
pm, 20 pm, 30 pm, 40 pm, 50 pm, 60 pm, 70 pm, 80 pm, 90 pm or
100 uym as the lower limit to 0,2 mm, 0,5 mm, 1 mm or 2 mm as

the upper limit.

According to at least one embodiment the phosphor is selected
from the group consisting of Eu’'-doped nitrides such as
(Ca,Sr)AlSiNsz:Eu?t, Sr(Ca,Sr)SiAl,Ng:Eu?r,
(Sr,Ca)AlSiN3*SiyN,0:Eu?t, (Ca,Ba,Sr),SisNg:Eu?t,

(Sr,Ca) [LiA13N4] :Eu?*; garnets from the general system
(Gd,Lu,Tb,Y¥)s5(Al,Ga,D)5(0,X)12:RE with X = halide, N or
divalent element, D = tri- or tetravalent element and RE =
rare earth metals such as Lus (Al;_yGayx):01,:Ce3f, Y3 (Al,_

xGax) s012:Ce’; Eu‘t-doped sulfides such as (Ca,Sr,Ba)S:Eu?*;
Eu?*-doped SiONs such as (Ba,Sr,Ca)Si0oN,:Eu‘t; SiA1ONs for
instance from the system LiMyLn;Sii2-(min)AL (min)OnNis-n; beta-
SiAlONs from the system SisAl,O/Ns_(:RE,; nitrido-
orthosilicates such as AE; x .RExEU,S10sxNy, AE; x -RExEU.S1i1_y0s-«-
oyNy with RE = rare earth metal and AE = alkaline earth metal;
orthosilicates such as (Ba,Sr,Ca,Mg),Si04:Eu?t;
chlorosilicates such as CagMg(SiQ4)4Cl;:Eu?t; chlorophosphates
such as (Sr,Ba,Ca,Mg)ip(PO4)sCls:Eu?t; BAM luminescent

materials from the BaO-Mg0O-Al;03; system such as
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BaMgAli;0:7:Eu?t; halophosphates such as
M: (PO4) 3 (C1,F) : (Eu?t, Sb3*,Mn?*) ; SCAP luminescent materials such
as (Sr,Ba,Ca)s(P0O4)3Cl:Eu?'. The phosphors or luminescent
materials stated in document EP 2 549 330 Al may also be
used. With regard to the luminescent materials used, the
disclosure content of this document is included by reference.
"Quantum dots" may moreover also be introduced as phosphors.
Quantum dots in the form of nanocrystalline materials which
contain a group II-VI compound and/or a group III-V compound
and/or a group IV-VI compound and/or metal nanocrystals, are

preferred in this case.

In principle the invention is not specific to the above
mentioned type of phosphors. Any phopshors that absorb UV
light and emit visible light is suitable for this concept.
This includes all traditional phosphors used in fluorescent

lamps and any white LED exited from UV LED

According to at least one embodiment, the UV light has a
different main emission direction compared to the main

emission direction of the visible light.

According to at least one embodiment, the light emitting
device comprises a filter material. The filter material
absorbs the UV light which is not converted into visible
light and is emitted via the side surface. The filter

material can be any UV absorbing filter material.

According to at least one embodiment the visible light serves
as an indicator showing the operational capability of the

device for the user.



10

15

20

25

30

WO 2018/215068 PCT/EP2017/062646

According to at least one embodiment the device is used in
medical applications. Ultra-violet light has a huge number of
useful applications in modern medicine, such as disinfection,
decontamination of surfaces, drug detection, forensic
analysis, light therapy in medicine, and curing polymers.
Since UV light is usually invisible and may cause danger to
humans, especially during unintentional exposure, there are

always safety concerns with modern UV medical applications.

Furthermore a method for producing a light-emitting device is
specified. Preferably a light-emitting device as specified in
conjunction with one or more of the embodiments mentioned
above is produced by the method. Therefore, features of the
method are also disclosed for the light-emitting device and

vice versa.

In at least one embodiment the method comprises at least or

exclusively the following steps:

A) Applying at least two semiconductor chips on a substrate,
each of the two semiconductor chips having a main radiation
surface and side surfaces,

B) Applying a UV tape on the main radiation surfaces,

C) Filling a phosphor between neighboured semiconductor chips
so that the phosphor forms a frame around the side surfaces
of each semiconductor chip,

D) Removing the UV tape, and

E) Singulating the assembly mentioned in step D) or C).

According to at least one embodiment the phosphor is embedded
in an organic matrix material and the organic matrix material

with the phosphor is cured after step C).



10

15

20

25

30

WO 2018/215068 PCT/EP2017/062646

According to at least one embodiment a thermal tape is

arranged between the semiconductor chips and the substrate.

According to at least one embodiment the phosphor partially

converts the UV light into visible light.

Furthermore, a light-emitting device is gspecified.
Furthermore, features of the above-mentioned method and the
above-mentioned light-emitting device are also disclosed for

the following light-emitting device and vice versa.

In at least one embodiment the light-emitting device
comprises a semiconductor chip having a main radiation
surface which emits UV light in operation. The light-emitting
device comprises a second semiconductor chip which emits
visible light in operation. The light-emitting device emits
mixed light comprising the light of the first semiconductor
chip (the UV light) as well as the light of the second
semiconductor chip (the visible light). In particular the
first and second semiconductor chips are embodied as a light-
emitting diode. The inventor has also found out that instead
of using one phosphor integrated in a semiconductor chip
which emits UV light (UV LED), two semiconductor chips, in
particular two light-emitting diodes (one UV LED and one
visgsible LED) can solve UV safety concerns.

According to at least one embodiment, the second
semiconductor chip comprises a semiconductor layer sequence,
which is designed to generate visible light. When in proper
use, the semiconductor layer sequence generates colored or
white light. The semiconductor layer sequence may optionally
additionally generate a fraction of the radiation in the
ultraviolet and/or in the near infrared region of the

spectrum. The visible region of the spectrum is in the
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present case considered in particular to be the wavelength
range between 400 nm and 720 nm inclusive. The semiconductor
layer seqguence preferably comprises a light-emitting diode

layer seqguence.

In accordance with at least one embodiment, the first and/or
second semiconductor chip comprises at least one
semiconductor layer sequence. The semiconductor layer
sequence is preferably based on a III-V compound
semiconductor material. The semiconductor material is, for
example, a nitride compound semiconductor material such as
Al,Ini_,GayN or a phosphide compound semiconductor material
such as Al,Ini_,.GayP or an arsenide compound semiconductor
material such as Al,.Ini_nGadAs, wherein in each case

0 £n<1, 0£m<1andn +m < 1. In this case, the
semiconductor layer sequence can comprise dopants and
additional constituents. For the sake of simplicity, however,
only the essential constituents of the crystal lattice of the
semiconductor layer sequences, that is to say Al, As, Ga, In,
N or P, are indicated, even if these can be replaced and/or

supplemented in part by small amounts of further substances.

The initial of the invention is UV light generated from UV
LED is dangerous as it is not visible to human eyes.
According to one aspect of the invention, phopshors are added
so that partial of the lights are converted to visible lights
as indicators. According to another aspect or an embodiment
of the invention, single UV chips or plurality can be used.
There could be more than 1 chips in module for higher power

UV systems.

A light-emitting device and a method for producing a light-

emitting device described herein are explained in greater
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detail below on the basis of exemplary embodiments with
reference to the drawings. In this case identical reference
signs indicate identical elements in the individual figures.
Relations to scale are not illustrated in this case. Rather
individual elements may be illustrated with an exaggerated

size to enable a better understanding.

Figures 1 and 2 show a side view of a schematic illustration

of a light-emitting device according to the invention; and

Figures 3A to 3F and 4A to 4F show a schematic illustration
of a method for producing a light-emitting device described

herein.

Figure 1 shows a light-emitting device according to one
aspect of the invention. The light-emitting device 100
comprises a semiconductor chip 1 having a main radiation

surface 10, which emits UV light 5 in operation.

The semiconductor chip 1 comprises side surfaces 11. The
light-emitting device 100 comprises a phosphor 2 which is in
direct contact with the side surfaces 11 of the semiconductor

chip 1.

In particular the phosphor 2 completely coverts the side

surfaces 11 of the semiconductor chip 1.

Alternatively, the phosphor 2 partially coverts the side

surfaces 11 of the semiconductor chip 1 (here not shown).

The phosphor 2 is arranged in the radiation beam of the UV
light 5 and absorbs at least partially the UV light 5 and
converts the absorbed UV light into visible light 6.
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The device emits mixed light comprising UV light 5 as well as
visible light 6. In particular the light-emitting device
emits UV light 5 as well as visible light 6 at the same time.

In particular the main directions of the wvisible light 6 and
the UV light 5 are different. In particular the visible light
6 is emitted via the side surfaces 11 of the semiconductor

chip 1. The UV light 6 is emitted via the main surface 10 of

the semiconductor chip 1.

Therefore, the light-emitting device alerts the user when the
semiconductor chip 1 is turned on because the visible light 6
around the semiconductor chip 1 emits light at the same time
when the UV light 5 is emitted in operation. The UV light 5

1s invisible to the user.

Optionally the light-emitting device or the semiconductor
chip 1 of the light-emitting device 100 is arranged on a

substrate 4, for example gallium arsenide.

Figure 2 shows a side view of a schematic illustration of a

light-emitting device 100 according to the invention.

The light-emitting device 100 optionally comprises a
substrate 4 on which a semiconductor chip 1 is arranged. The
side surfaces 11 of the semiconductor chip 1 are completely

in direct contact with the phosphor 2.

The phosphor 2 is embedded in an organic matrix material 3,
for example silicone. The semiconductor chip 1 emits UV light
5 via the main radiation surface 10 and the side surfaces 11.

The UV light 5 emitted via the side surfaces 11 is partially
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absorbed by the phosphor 2 and is converted into visible

light 6 by the phosphor. Therefore the light-emitting device
100 emits UV light 5, in particular over the main radiation
surface 10 as well as visible light 6 in particular over the

side surfaces 11.

Therefore, if a user turns on the light-emitting device 100,
the invisible UV light as well as the visible light can be
seen by the user. Therefore the visible light is the
indicator for the UV light. Since UV light is usually
invisible and could cause danger to humans, especially during
unintentional exposure, there are always safety concerns with
modern UV medical applications. In particular, the eyes of
the user are protected by the light-emitting device 100

according to the invention.

Figures 3A to 3F show a method for producing a light-emitting

device 100 according to this invention.

Figure 3A shows a substrate 4 on which at least two
semiconductor chips 1, here six semiconductor chips, are
arranged. Each of the semiconductor chips 1 has a main
radiation surface 10, which is facing away from the substrate

4 and side surfaces.

After applying the semiconductor chips on the substrate 4 as
shown in Figure 3A, a UV tape 7 is applied on the main
radiation surface of each of the semiconductor chips (Figure
3B). In particular one UV tape is arranged on the main

radiation surfaces of all semiconductor chips.

As shown in Figure 3C, the phosphor 2 is filled between

neighbouring semiconductor chips 1 so that the phosphor forms
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a frame around the side surfaces 11 of each semiconductor

chip.

As shown in Figure 3D, the UV tape 7 is removed. After
removing the UV tape 7 the semiconductor chips 1 are

singulated 9 as shown in Figure 3E.

At the end of the method a light-emitting device 100 is
produced which comprises the features as mentioned at least
in base claim 1. In this case the light-emitting device
comprises a substrate 4, a semiconductor chip 1 having two
electrical contacts 12 and a frame of phosphor 2, which is
arranged directly on the side surfaces 11 of the

semiconductor chip 1.

Figures 4A to 4F show a method for producing a device

according to the invention.
According to Figure 4A a thermal tape 8 is arranged on the
substrate 4. Semiconductor chips 1 are arranged on the

thermal tape 8.

As shown in Figure 4B, a UV tape 7 is applied on the main

radiation surfaces 10 of the semiconductor chips 1.

As shown in Figure 4C the phosphor 2 is filled between

neighbouring semiconductor chips 1 so that the phosphor forms

a frame around the side surfaces 11 of each semiconductor

chip 1.

As shown in Figure 4D the UV tape is removed and the assembly

as produced in Figure 4D is singulated 9.
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In particular the thermal tape 8 and the substrate 4 are not

singulated.

As shown in Figure 4F the method produces a light-emitting
device 100 which comprises a semiconductor chip 1 and a
phosphor 2 and electrical contacts 12. In contrast to the
device of Figure 3F, the light-emitting device 100 of Figure
4F does not comprise a substrate 4. In other words, the
light-emitting device 100 of Figure 4F is free of a substrate

4.

The inventor has found that only one semiconductor chip is
needed to emit UV light and visible light. A small package
footprint is possible. The emission of visible light around
the UV LED can further improve the safety factor of modern

medical applications.

The invention described herein is not restricted by the
description on the basis of the exemplary embodiments. Rather
the invention encompasses any novel features and also any
combination of features, which in particular includes any
combination of features in the patent claims even if this
feature or this combination is not explicitly specified in

the patent claims or exemplary embodiments.
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Patent Claims

1. Light emitting device (100) comprising

- a semiconductor chip (1) having a main radiation
surface (10), which emits UV light (5) in operation,

- a phosphor (2), which is arranged in the radiation beam
of the UV light (5), absorbs partially the UV light (5),
wherein the phosphor (2) converts the UV light (5) into
visible light (6), so that the device emits mixed light
comprising the UV light (5) as well as visible light
(6) .

2. Light emitting device (100) according to claim 1,

wherein the semiconductor chip (1) has side surfaces (11),
which are arranged perpendicular to the main radiation
surface (10),

wherein the phosphor (2) is arranged at the side surfaces
(11),

wherein a maximum of 40 percent of the UV light (5) is
absorbed and a maximum of 5 percent of the absorbed UV light

(5) i1s converted into visible light (6) by the phosphor (2).

3. Light emitting device (100) according to at least one of
the preceding claims,
wherein the semiconductor chip (1) is arranged on a substrate

(4).

4. Light emitting device (100) according to at least one of
the preceding claims,
wherein a maximum of 30 percent of the UV light (b5) is

absorbed by the phosphor (2).

5. Light emitting device (100) according to claim 4,
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wherein a maximum of 3 percent of the absorbed UV light (5)

is converted into visible light (6) by the phosphor (2).

6. Light emitting device (100) according to at least one of
the preceding claims,
wherein the device emits UV light (5) as well as visible

light (6) at the same time in operation.

7. Light emitting device (100) according to at least one of
the preceding claims,

which emits in operation the UV light (5) over the main
radiation surface (10), wherein the semiconductor chip (1)
comprises side surfaces (11), which are embedded by the
phosphor (2), wherein the device emits in operation the

visible light (6) via the side surfaces (11).

8. Light emitting device (100) according to at least one of
the preceding claims,

wherein the visible light (6) is white light.

9. Light emitting device (100) according to at least one of
the preceding claims 1 to 7,

wherein the wvisible light (6) is red, green or blue light.

10. Light emitting device (100) according to at least one of
the preceding claims,
wherein the wavelength of the UV light (5) lies in the range

of between 280 nm and 380 nm.

11. Light emitting device (100) according to at least one of
the preceding claims,
wherein the phosphor (2) forms a frame around the side

surfaces (11) of the semiconductor chip (1).
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12. Light emitting device (100) according to at least one of
the preceding claims,
wherein the phosphor (2) directly borders the side surfaces

(11) of the device.

13. Light emitting device (100) according to at least one of
the preceding claims,

wherein the phosphor (2) is selected from the group
consisting of Eu?'-doped nitrides, garnets, Eu?‘'-doped
sulfides, Eu?'-doped SiONs, SiAl1ONs, beta-SiAlONs, nitrido-
orthosilicates, orthosilicates, chlorosilicates,
chlorophosphates, BAM luminescent materials, halophosphates,

SCAP luminescent materials, Quantum dots.

14. Light emitting device (100) according to at least one of
the preceding claims,
wherein the phosphor (2) is embedded in an organic matrix

material (3).

15. Light emitting device (100) according to at least one of
the preceding claims,
wherein the visible light (6) serves as an indicator showing

the operational capability of the device for the user.

l6. Light emitting device (100) according to at least one of
the preceding claims,

which is used in medical applications.

17. A method for producing a light emitting device (100)

comprising the steps of:
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A) Applying at least two semiconductor chips (1) on a
substrate (4), each of the two semiconductor chips (1) having
a main radiation surface (10) and side surfaces (11),

B) Applying a UV tape (7) on the main radiation surfaces
(10),

C) Filling a phosphor (2) between neighboring semiconductor
chips (1), so that the phosphor (2) forms a frame around the
side surfaces (11) of each semiconductor chip (1),

D) Removing the UV tape (7), and

E) Singulating (9) the assembly.

18. Method according to claim 17,
wherein the phosphor (2) is embedded in an organic matrix
material (3) and the organic matrix material (3) with the

phosphor (2) is cured after step C).

19. Method according to claim 17 or 18,
wherein a thermal tape (8) is arranged between the

semiconductor chips (1) and the substrate (4).
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