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FIG 10

(57) Abstract: A phosphor sheet (6) is provided comprising the fol-
lowing elements : - a first polymer sheet (1) of a first polymer mater-
ial, which is partially cured, - a second polymer sheet (4) of a second

31 polymer material, which is partially cured, and - a phosphor layer (4)

O o0 o0, O comprising phosphor particles with a plurality of first phosphor par-

6 0%80%%5000808%0086 —3 ticles, said first phosphor particles convert electromagnetic radiation
J—~4 of a first wavelength range into electromagnetic radiation of a second

wavelength range, wherein the phosphor layer (3) is sandwiched be-

g~ J-8 tween the first polymer sheet (1) and the second polymer sheet (4).
Further, a method for the production of a phosphor sheet an optoelec-

tronic device and a method for the production an optoelectronic device
are provided.

~ T



10

15

20

25

30

WO 2019/174705 PCT/EP2018/056043

Description

PHOSPHOR SHEET, METHOD FOR THE PRODUCTION OF A PHOSPHOR
SHEET, OPTOELECTRONIC DEVICE, METHOD FOR THE PRODUCTION OF AN
OPTOELECTRONIC DEVICE

A phosphor sheet, a method for the production of a phosphor
sheet, an optoelectronic device and a method for the

production of an optoelectronic device are provided.

An improved phosphor sheet with a high phosphor content
should be provided. In particular, the phosphor sheet should
allow easy mounting on a radiation-emitting semiconductor
chip. Further, an optoelectronic device with a phosphor sheet
having a high phosphor content should be provided. Finally, a
simplified method for the production of an optoelectronic

device should be given.

These problems are solved by a phosphor sheet with the
features of claim 1, by the method for the production of a
phosphor sheet with steps of claim 11, by an optoelectronic
device with the features of claim 13 and by a method for the
production of an optoelectronic device with the steps of

claim 18.

Advantageous embodiments of the phosphor sheet, of the method
for the production of the phosphor sheet, of the
optoelectronic device and of the method for the production of
the optoelectronic device are given in the respective

dependent claims.



10

15

20

25

30

WO 2019/174705 PCT/EP2018/056043

According to an embodiment of the phosphor sheet, the
phosphor sheet comprises a first polymer sheet of a first

polymer material, which is partially cured.

According to a further embodiment of the phosphor sheet, the
phosphor sheet comprises a second polymer sheet of a second
polymer material, which is also partially cured. Particularly
preferably, a surface of the first polymer sheet and/or the

second polymer sheet is sticky.

The first polymer material and/or the second polymer material
comprise a plurality of monomers. In a completely uncured
state, the monomers are not connected to each other by
chemical bonds. During polymerization, which can be initiated
for example by UV-light or heat, monomers react chemically
which each other to form chemical bonds. The term “partially
cured” means that the monomers of the first polymer material
and/or the monomers of the second polymer material are not
completely polymerized. This leads particularly preferably to
a sticky surface of the first polymer sheet and/or the second
polymer sheet. If the polymerization of the first polymer
material and/or the second polymer material further proceeds,
a predominant part of the monomers are connected to each
other by chemical bonds. This state of the first polymer
material and/or the second polymer material is called a

“completely cured state” in the following.

Particularly preferably, the phosphor sheet comprises a
phosphor layer with a plurality of first phosphor particles.
The first phosphor particles convert electromagnetic
radiation of a first wavelength range into electromagnetic
radiation of a second wavelength range, which is different

from the first wavelength range. In other words, the phosphor
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particles of the phosphor layer are responsible for the
wavelength converting properties of the phosphor sheet. For
example, the plurality of first phosphor particles converts
electromagnetic radiation of the blue spectral range into
electromagnetic radiation of the vyellow to green spectral

range.

According to a further embodiment of the phosphor sheet, the
phosphor layer is sandwiched between the first polymer sheet
and the second polymer sheet. Preferably, the phosphor layer
is at least along a main extension plane completely embedded
within the first polymer sheet and the second polymer sheet.
Particularly preferably, the phosphor layer is in direct
contact with the first polymer sheet and/or the second

polymer sheet.

The location of the phosphor layer sandwiched between the
first polymer sheet and the second polymer sheet has the
advantage that a heated spot within the first polymer sheet
and/or the second polymer sheet can be reduced. This leads to
a low heat degradation under long period application of the

phosphor sheet.

According to a further embodiment of the phosphor sheet, the
first polymer sheet and the second polymer sheet comprise the
same polymer material. For example, the first polymer

material and the second polymer material are equal to each

other.

Particularly preferably, the first polymer material and/or
the second polymer material comprise silicone. It is also
possible that the first polymer material and/or the second

polymer material consist of silicone.
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According to a preferred embodiment of the phosphor sheet,
the first polymer material and/or the second polymer material
are at least in the completely cured state transparent to
electromagnetic radiation at least of the first wavelength
range and the second wavelength range. The term “transparent”
means that the indicated element is at least transmissible
for 85%, preferably for 90% and particularly preferably for
95% of electromagnetic radiation of the indicated wavelength
range. According to a preferred embodiment of the phosphor
sheet, the first polymer sheet and/or the second polymer

sheet are free of phosphor particles.

According to a further embodiment of the phosphor sheet, the
phosphor layer comprises a binder. For example, the binder is
also a polymer material, preferably a silicone. For example,
the binder equals the first polymer material and/or the
second polymer material. The binder is intended to
mechanically connect the phosphor particles with each other.
Further, the binder is responsible for the mechanical
stability of the phosphor layer at least in a cured state.
Further, the binder provides a mechanically stable connection
of the phosphor layer to the first polymer sheet and to the

second polymer sheet, also at least in a cured state.

Alternatively, it is also possible that the phosphor layer is
only formed of phosphor particles. Such a phosphor powder
layer preferably has a very low thickness. Particularly
preferably, the phosphor powder layer is a monolayer of
phosphor particles and the thickness of the phosphor powder
layer is determined by a diameter of the phosphor particles.
The diameter of the phosphor particles lies for example

between 10 micrometer and 30 micrometer, limits included.
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According to a further embodiment of the phosphor sheet, the
first polymer sheet comprises a radiation entrance surface of
the phosphor sheet and the second polymer sheet comprises a
radiation exit surface of the phosphor sheet. The radiation
entrance surface of the phosphor sheet and the radiation exit
surface of the phosphor sheet each preferably forms an outer
surface of the phosphor sheet. The radiation entrance surface
of the phosphor sheet and the radiation exit surface of the

phosphor sheet are arranged opposite to each other.

Particularly preferably, the radiation entrance surface
and/or the radiation exit surface of the phosphor sheet is
particularly preferably free of phosphor particles. Further,
the radiation entrance surface and/or the radiation exit
surface of the phosphor sheet is particularly preferably

sticky.

According to a further embodiment of the phosphor sheet, the
first polymer sheet has a refractive index, which is smaller
than the refractive index of the second polymer sheet. For
example, the refractive index of the first polymer sheet lies
between 1,1 and 1,3 and/or the refractive index of the second
polymer sheet lies between 1,4 and 1,5, limits included

respectively.

According to a further embodiment of the phosphor sheet, the
phosphor particles comprise a plurality of second phosphor
particles. The second phosphor particles convert
electromagnetic radiation of the first wavelength range in
electromagnetic radiation of a third wavelength range,
different from the first wavelength range and the second

wavelength range. For example, the plurality of second
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phosphor particles convert electromagnetic radiation of the
blue spectral range into electromagnetic radiation of the red

spectral range.

For example, one of the following materials is suitable for
the plurality of first phosphor particles and/or for the
plurality of second phosphor particles: garnets doped with
rare earths, sulfides doped with rare earths, thiogallates
doped with rare earths, aluminates doped with rare earths,
silicates doped with rare earths, orthosilicates doped with
rare earths, nitrides doped with rare earths, oxinitrides
doped with rare earths, chlorosilicates doped with rare
earths, silicon nitrides doped with rare earths, sialones

doped with rare earths.

According to a further embodiment of the phosphor sheet, the
first polymer sheet and/or the second polymer sheet have a
thickness between 5 micrometer and 10 micrometer, limits
included. According to a further embodiment of the phosphor
sheet, the phosphor layer has a thickness between 30
micrometer and 40 micrometer, limits included. The total
thickness of the phosphor sheet lies preferably between 35

micrometer and 50 micrometer.

The phosphor sheet described above can be manufactured by the
method described in the following. Embodiments, features and
elements described in connection with the phosphor sheet can
also be realized in connection with the method and vice

versa.

According to an embodiment of the method for the production

of a phosphor sheet, a first polymer sheet is provided. The
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first polymer sheet preferably comprises a first polymer

material, which is partially cured.

According to a further embodiment of the method, a phosphor
layer is applied to the first polymer sheet. Preferably, the
phosphor layer comprises a plurality of first phosphor
particles converting electromagnetic radiation of a first
wavelength range in electromagnetic radiation of a second

wavelength range different from the first wavelength range.

In a further embodiment of the method, a second polymer sheet
of a second polymer material is laminated to the first
polymer sheet such that the phosphor layer is sandwiched
between the first polymer sheet and the second polymer sheet.
Also, the second polymer material of the second polymer sheet

is particularly preferably only partially cured.

For example, a first polymer sheet and/or a second polymer
sheet are manufactured by one of the following methods: tape
casting, spin coating, doctor blading. During each of these
methods the first polymer material and/or the second polymer
material are generated in a sheet-like form in a liquid state
and then partially cured, for example by heat or UV-light.
Particularly preferably, the first polymer sheet and/or the
second polymer sheet are cured to such an extent that the
first polymer sheet and/or the second polymer sheet forms a
continuous and mechanically stable layer. Before curing the
first polymer material and/or the second polymer material
these are in a liquid state. During the curing process the
first polymer material and/or the second polymer material
change their state from liquid to solid due to the

polymerization process.
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According to a particularly preferable embodiment of the
phosphor sheet, the surfaces of the first polymer sheet
and/or the second polymer sheet are sticky, since the first
polymer material and/or a second polymer material are only

partially cured.

According to a preferred embodiment of the method, the step
of applying a phosphor layer comprises that the phosphor
particles are introduced into a binder. Particularly
preferably, the binder is in a ligquid uncured state when the
phosphor particles are introduced. For example, the binder
can be a polymer material such as a silicone. The binder with
the phosphor particles is for example spray-coated onto the
first polymer sheet. After the deposition of the
binder/phosphor particle mixture to the first polymer sheet,
the binder is cured at least partially according to an
embodiment of the method. During the curing of the binder, a
continuous and mechanically stable phosphor layer is formed

particularly preferably.

According to an alternative embodiment of the method, the
step of applying a phosphor layer comprises that the phosphor
particles are deposited onto the first polymer sheet by
electrostatic forces, for example by electrostatic spraying.
In particular, a phosphor powder layer, which is free of a
binder, can be applied by electrostatic spraying using

electrostatic forces.

The phosphor sheet described herein is in particular suitable
for the use in an optoelectronic device. Features, elements
and embodiments, which are described in connection with the
phosphor sheet, can be also embodied within the

optoelectronic device and vice versa.
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According to an embodiment of the optoelectronic device, the
optoelectronic device comprises a semiconductor chip emitting
electromagnetic radiation of a first wavelength range from a

radiation exit surface.

For example, the semiconductor chip is a flip-chip. A flip-
chip comprises a carrier and a semiconductor layer sequence
with a radiation generating active zone, wherein the
semiconductor layer sequence is epitaxially grown on a main
extension plane of the carrier. The carrier is particularly
preferably transparent at least for the electromagnetic
radiation of the active zone. For example, the carrier
comprises or consists of one of the following materials:
sapphire, silicon carbide. The carrier comprises a second
main extension plane opposite to the first extension plane,
the second main extension plane comprising preferably a
radiation exit surface of the flip-chip at least partially.
Also, side faces of the carrier form a part of the radiation
exit surface, preferably. In other words, electromagnetic
radiation generated within the active zone is preferably
emitted via the second main extension plane and the side
surfaces of the carrier. The second main extension plane of
the carrier shows to a front side of the flip-chip or forms a
front side of the flip-chip. A backside of the flip-chip
arranged opposite to front side comprises preferably at least
two electric contacts, while the front side of the flip-chip

is preferably free of electrical contacts.

Preferably, the epitaxial layer sequence and in particular
its active zone is based on a nitride compound semiconductor
material or is formed from a nitride compound semiconductor

material. Nitride compound semiconductor materials are
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compound semiconductor materials which comprises nitrogen
such as the materials of the system InAl,Ga:xyN, wherein 0 <

x <1, 0y £1 and x+ty £ 1. Epitaxial layer sequences based
on a nitride compound semiconductor material are suitable to

generate blue light in general.

The epitaxial layer sequence based on a nitride compound
semiconductor material can for example be epitaxially grown
on a carrier comprising sapphire or silicon carbide or
consisting of one of these materials. Further, sapphire and
silicon carbide are transparent for electromagnetic radiation
of the blue spectral range as it can be generated by the
epitaxial layer sequence based on a nitride compound

semiconductor material in general.

Particularly preferably, a phosphor sheet is arranged on the
radiation exit surface of the semiconductor chip. The
phosphor sheet is suitable to convert electromagnetic
radiation emitted by the semiconductor chip, for example blue
light, at least partially into electromagnetic radiation of
one or more wavelength ranges, which are different from the
electromagnetic radiation emitted by the semiconductor chip.
For example, the phosphor sheet converts blue light of the
semiconductor chip in yellow, yellow to green and/or red

light.

Preferably, the first polymer sheet and/or the second polymer
sheet are thin enough that the phosphor layer is positioned
close enough to the semiconductor chip for effective heat
dissipation. As already outlined above, a suitable thickness
of the first polymer sheet and/or the second polymer sheet
lies for example between 5 micrometer and 10 micometer,

limits included.
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According to a further embodiment of the optoelectronic
device, the phosphor sheet comprises a first polymer sheet, a
second polymer sheet and a phosphor layer sandwiched between
the first polymer sheet and the second polymer sheet. The
first polymer sheet and the second polymer sheet are
particularly preferably completely cured within the finished

optoelectronic device.

According to a further embodiment of the optoelectronic
device, the phosphor layer comprises phosphor particles with
a plurality of first phosphor particles converting
electromagnetic radiation of the first wavelength range at
least partially into electromagnetic radiation of the second

wavelength range.

Particularly preferably, the phosphor sheet is in direct
contact with the radiation exit surface of the semiconductor
chip. Particularly preferably, a radiation entrance surface
of the phosphor sheet is in direct contact with the radiation
exit surface of the semiconductor chip. Particularly
preferably, the optoelectronic device is free of an
additional adhesion layer fixing the phosphor sheet to the

semiconductor chip.

According to a further embodiment of the optoelectronic
device, the phosphor sheet comprises a plurality of second
phosphor particles converting electromagnetic radiation of
the first wavelength range at least partially in

electromagnetic radiation of a third wavelength range.

Particularly preferably, the first wavelength range comprises

blue light, the second wavelength range comprises green to
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yellow light and the third wavelength range comprises red
light. According to this embodiment of the optoelectronic
device, the optoelectronic device emits mixed light of the
first wavelength range, the second wavelength range and the
third wavelength range. The mixed light particularly
preferably is warm white. The colour temperature of the warm
white mixed light lies for example between 2300 K and 3300 K,

limits included.

A phosphor sheet suitable for the generation of warm white
light in connection with a blue light emitting semiconductor
chip comprises as a rule a quite thick phosphor layer with
several layers of phosphor particles. In order to provide
mechanical stability of a phosphor sheet with such a phosphor
layer, the phosphor layer comprises particularly preferably a
binder. In other words a phosphor sheet suitable for the
production of warm white light preferably comprises a

phosphor layer with a binder.

According to a further embodiment of the optoelectronic
device, the mixed light is neutral to cold white. The colour
temperature of the neutral to cold white mixed light lies for
example between 3300 K and 5300 K, limits included. In this
case, a phosphor sheet can be used, wherein the phosphor
layer is a powder phosphor layer, which is only formed by
phosphor particles. In other words a phosphor sheet suitable
for the production of cold white to neutral white light
preferably comprises a phosphor layer free of a binder.
Preferably, the phosphor particles comprise according to this
embodiment only a first plurality of phosphor particles
converting for example blue light in yellow to green light.
Further, the phosphor powder layer is formed preferably from

a monolayer of phosphor particles.
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According to a further embodiment of the optoelectronic
device, the semiconductor chip is laterally embedded in a
reflective coating. For example, the reflective coating
comprises a silicone material with reflective particles, for
example titan dioxide particles. Preferably, the reflective
coating is flush with the radiation exit surface of the
semiconductor chip. Particularly preferably, the radiation
exit surface of the semiconductor chip is free of the
reflective coating. Particularly preferably, the
optoelectronic device is free of a further housing. Instead,
the reflective coating stabilizes the optoelectronic device

mechanically.

According to a further embodiment of the optoelectronic
device, the phosphor sheet covers a main surface of the
optoelectronic device comprising a surface of the reflective
coating and the radiation exit surface of the semiconductor

chip completely.

According to a further embodiment of the optoelectronic
device, the first polymer sheet has a refractive index, which
is smaller than the refractive index of the second polymer
sheet. If the first polymer sheet has a smaller refractive
index than the second polymer sheet, the out-coupling of
electromagnetic radiation from the optoelectronic device can

be optimized.

The optoelectronic device can for example be produced by the
method described in the following. Embodiments, features and
elements described in connection with the optoelectronic
device can also be realized in connection with the method and

vice versa.
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According to an embodiment of a method for the production of
a plurality of optoelectronic devices, a phosphor sheet
described herein is provided. The phosphor sheet comprises a
first polymer sheet with a first polymer material partially
cured. Further, the phosphor sheet comprises a second polymer
sheet with a second polymer material also only partially
cured. The phosphor sheet has particularly preferably a

sticky radiation entrance surface.

According to a further embodiment of the method, a plurality
of radiation-emitting semiconductor chips is positioned on a
radiation entrance surface of the phosphor sheet at a

distance to each other.

Particularly preferably, the radiation-emitting semiconductor
chips are pressed to the radiation entrance surface of the
phosphor sheet during or after the positioning step. Since
the phosphor sheet has particularly preferably a sticky
radiation entrance surface, the semiconductor chips adhere to
the phosphor sheet by pressing without the use of an

additional adhesive layer.

According to a further embodiment of the method, regions
between the semiconductor chips are filled with a reflective
coating. Particularly preferably, the reflective coating is
in a liquid state during this method step. For example, the
reflective coating is a silicone with reflective particles

such as titan dioxide particles.

According to a further embodiment of the method, the first
polymer material and/or the second polymer material and/or

the reflective coating are cured completely. The curing of
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these materials can be conducted in a common step or in

separate steps.

Finally, the generated compound comprising the semiconductor
chips, the phosphor sheet and the reflective coating is
separated in a plurality of optoelectronic devices.
Preferably, the separation takes place by sawing or cutting

through the cured reflective coating.

The present phosphor sheet has the advantage that a high
content of phosphor particles can be incorporated within the
phosphor sheet while obtaining a sticky surface for easy
mounting of the phosphor sheet for example to a semiconductor
chip. Compared to a common phosphor sheet, wherein the
phosphor particles are distributed homogenously within the
whole phosphor sheet, the surface of the present phosphor
sheet can be embodied sticky, while the surface of the common
phosphor sheet is non-sticky due to the high phosphor

content.

Further preferred embodiments and developments of the
phosphor sheet, the method for the production of the phosphor
sheet, the optoelectronic device and the method for the
production of the optoelectronic device are described in the

following in connection with the Figures.

In connection with the schematic sectional views of Figures 1
to 4, a method for the production of a phosphor sheet
according to an exemplary embodiment is explained in further

detail.

Figure 5 shows a schematic sectional view of a phosphor sheet

according to an exemplary embodiment.
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In connection with the schematic sectional views of Figures 6
to 9, a method for the production of an optoelectronic device
according to an exemplary embodiment is explained in further

detail.

Figure 10 shows a schematic sectional view of an

optoelectronic device according to an exemplary embodiment.

Equal or similar elements as well as elements of equal
function are designated with the same reference signs in the
figures. The figures and the proportions of the elements
shown in the figures are not regarded as being shown to
scale. Rather, single elements, in particular layers, can be
shown exaggerated in magnitude for the sake of better

presentation.

According to the method of the exemplary embodiment of
Figures 1 to 4, a first polymer sheet 1 of a first polymer
material is provided on a protective foil 2 to enable easy
handling (Figure 1). The first polymer sheet 1 of the first
polymer material is just partially cured such that the
surface of the first polymer sheet 1 is sticky. The first
polymer sheet 1 is provided on the protective foil 2 in order
to allow easy handing of the first polymer sheet 1 in spite
of the sticky surface. The first polymer sheet 1 is
particularly preferably manufactured from a silicone
material, which is transparent for electromagnetic radiation

of the visible spectral range.

In a next step, a phosphor layer 3 is deposited on the first
polymer sheet 1 (Figure 2). For the deposition of the
phosphor layer 3 on the first polymer sheet 1, a plurality of
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first phosphor particles in introduced in a binder. The
plurality of first phosphor particles converts
electromagnetic radiation of a first wavelength range into
electromagnetic of a second wavelength range. The mixture of
the binder and the phosphor particles is deposited on the
first polymer sheet 1 by spray coating. After the deposition
of the phosphor layer 3 by spray coating, the binder is
particularly preferably at least partially cured (Figure 3).

It is also possible that a phosphor powder layer 3 is
deposited on the first polymer sheet 1, for example by
electrostatic spraying. The phosphor powder layer 3 is formed

from phosphor particles and free of a binder material.

In a next step shown schematically in Figure 4, a second
polymer sheet 4 of a second polymer material is laminated to
the phosphor layer 3, for example with the help of a roller
5. Also, the second polymer sheet 4 comprises a second

polymer material, which is partially cured.

The phosphor sheet 6 according to the exemplary embodiment of
Figure 5 can, for example, be manufactured with the method
explained in connection with Figures 1 to 4. The phosphor
sheet 6 is deposited on a protective foil 2 according to the

exemplarily embodiment of Figure 5.

The phosphor sheet 6 according to the exemplary embodiment of
Figure 5 comprises a first polymer sheet 1 of a first polymer
material, which is partially cured and a second polymer sheet
4 of a second polymer material, which is also partially
cured. The first polymer sheet 1 and the second polymer sheet
4 preferably comprise a silicone. The surfaces of the first

polymer sheet 1 and the second polymer sheet 4 are sticky,
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since the polymer materials of the first polymer sheet 1 and

the second polymer sheet 4 are only partially cured.

Further, the phosphor sheet 6 comprises a phosphor layer 3
with phosphor particles. For example, the phosphor particles
comprise a plurality of first phosphor particles, which
convert electromagnetic radiation of the first wavelength
range into electromagnetic radiation of a second wavelength
range. Preferably, the phosphor particles comprise a
plurality of second phosphor particles, which convert
electromagnetic radiation of the first wavelength range into
electromagnetic radiation of the third wavelength range.
Particularly preferably, the first plurality of phosphor
particles convert blue light into yellow to green light and
the second plurality of phosphor particles convert blue light
into red light.

The phosphor layer 3 is sandwiched between the first polymer
sheet 1 and the second polymer sheet 4. The phosphor layer 3
is particularly preferably in direct contact with the first

polymer sheet 1 and with the second polymer sheet 4.

During the method for the production of a plurality of
optoelectronic devices according to the exemplary embodiment
of Figures 6 to 9, a phosphor sheet 6 is provided on a
protective foil 2 in a first step (Figure 6). For example,
the phosphor sheet 6 of the exemplary embedment of Figure 5

can be used.

In a next step, schematically shown in Figure 7, a plurality
of semiconductor chips 7 is positioned on a radiation
entrance surface of the phosphor sheet 6. The semiconductor

chips 7 emit electromagnetic radiation, such as blue light,
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The semiconductor chips are

positioned at a distance to each other. The semiconductor

chips 7 are preferably flip-chips.

The semiconductor chips 7

are applied to the phosphor sheet 6 with the main extension

plane comprising at least a part of the radiation exit

surface of the semiconductor chips 7.

In the next step, schematically shown in Figure 8, the

regions between the semiconductor chips 7 are filled with a

reflective coating 8, for example by doctor blading, casting

or jetting. The reflective coating 8 is, for example, formed

by a silicone material with reflective particles such as

titan dioxide particles.

The reflective coating 8 forms a

surface which is preferably flush with the main extension

plane comprising at least partially the radiation exit

surface of the semiconductor chips 7.

Then, the first polymer material of the first polymer sheet 1

and/or the second polymer material of the second polymer

sheet 4 and/or the reflective coating 8 are cured.

Particularly preferably,

the first polymer material of the

first polymer sheet 1 and/or the second polymer material of

the second polymer sheet 4 and/or the reflective coating 8

are cured completely. Then,

the generated compound of

phosphor sheet 6, semiconductor chips 7 and reflective

coating 8 is separated in a plurality of optoelectronic

devices along separation

lines 9 (Figure 9).

The optoelectronic device according to the exemplary

embodiment of Figure 10 comprises a semiconductor chip 7 with

a radiation exit surface.

The radiation exit surface is at

least partially in direct contact with the phosphor sheet 6.

The phosphor sheet 6 is,

for example,

described in further



10

15

20

WO 2019/174705 PCT/EP2018/056043

_20_

detail in connection with Figure 5. The phosphor sheet 6
converts electromagnetic radiation emitted by the radiation-
emitting semiconductor chip 7, for example blue light,
partially in red light and partially in yellow to green light
such that the optoelectronic device emits mixed radiation
consisting of blue light, red light and yellow to green
light. The mixed light has a colour temperature in the warm
white region. Laterally, the semiconductor chip 7 is
surrounded by a reflective coating 8, for example by a
silicone, which is filled with reflective titan dioxide
particles. The reflective coating 8 reflects electromagnetic
radiation, which is emitted via side faces of the
semiconductor chip 7 such that the efficiency of the

optoelectronic device is enhanced.

The invention is not limited to the description of the
embodiments. Rather, the invention comprises each new feature
as well as each combination of features, particularly each
combination of features of the claims, even if the feature or
the combination of features itself is not explicitly given in

the claims or embodiments.
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Claims

1. Phosphor sheet (6) comprising:

- a first polymer sheet (1) of a first polymer material,
which is partially cured,

- a second polymer sheet (4)of a second polymer material,
which is partially cured, and

- a phosphor layer (4) comprising phosphor particles with a
plurality of first phosphor particles, said first phosphor
particles convert electromagnetic radiation of a first
wavelength range into electromagnetic radiation of a second
wavelength range,

wherein

the phosphor layer (3) is sandwiched between the first
polymer sheet (1) and the second polymer sheet (4).

2. Phosphor sheet (6) according to the preceding claim,
wherein

the first polymer material and/or the second polymer material
are at least in a completely cured state transparent to
electromagnetic radiation at least of the first wavelength

range and the second wavelength range.

3. Phosphor sheet (6) according to any of the preceding
claims, wherein
the first polymer material and/or the second polymer material

comprises silicone.

4. Phosphor sheet (6) according to any of the preceding
claims, wherein
the first polymer sheet (1) and/or the second polymer sheet

(4) are free of phosphor particles.
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5. Phosphor sheet (6) according to any of the preceding

claims, wherein the phosphor layer (3) comprises a binder.

6. Phosphor sheet (6) according to any of the preceding
claims, wherein

- the first polymer sheet (1) comprises a radiation entrance
surface of the phosphor sheet (6),

- the second polymer sheet comprises a radiation exit surface
of the phosphor sheet (6), and

- the first polymer sheet (1) has a refractive index smaller

than the refractive index of the second polymer sheet (4).

7. Phosphor sheet (6) according the preceding claim, wherein
the refractive index of the first polymer sheet (1) lies
between 1,1 und 1,3, limits included and/or the refractive
index of the second polymer sheet (4) lies between 1,4 and

1,5, limits included.

8. Phosphor sheet (6) according to any of the preceding
claims, wherein the phosphor particles comprises a plurality
of second phosphor particles, which convert electromagnetic
radiation of the first wavelength range in electromagnetic

radiation of a third wavelength range.

9. Phosphor sheet (6) according to any of the preceding
claims, wherein the first polymer sheet (1) and/or the second
polymer sheet (4) have a thickness between 5 micrometer and

10 micrometer, limits included.

10. Phosphor sheet (6) according to any of the preceding
claims, wherein the phosphor layer (3) has a thickness

between 30 micrometer and 40 micrometer, limits included.
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11. Method for the production of a phosphor sheet (6) with
the following steps:

- providing a first polymer sheet (1) of a first polymer
material, which is partially cured,

- applying a phosphor layer (3) to the first polymer sheet
(1), said phosphor layer (3) comprising phosphor particles
with a plurality of first phosphor particles converting
electromagnetic radiation of the first wavelength range in
electromagnetic radiation of a second wavelength range,

- laminating a second polymer sheet (4) of a second polymer
material, which is partially cured, to the first polymer
sheet (1), such that the phosphor layer (3) is sandwiched
between the first polymer sheet (1) and the second polymer

sheet (4).

12. Method according to the preceding claim, wherein the step
of applying the phosphor layer (3) comprises:
- introducing the phosphor particles into a binder,

- spray-coating of the binder with the phosphor particles.

13. Optoelectronic device comprising:

- a semiconductor chip (7) emitting electromagnetic radiation
of a first wavelength range from a radiation exit surface,
and

- a phosphor sheet (6) arranged on the radiation exit surface
of the semiconductor chip (7),

- said phosphor sheet (6) comprising a first polymer sheet
(1), a second polymer sheet (4) and a phosphor layer (3)
sandwiched between the first polymer sheet (1) and the second
polymer sheet (4),

- said phosphor layer (3) comprising a plurality of first

phosphor particles converting electromagnetic radiation of



10

15

20

25

30

WO 2019/174705 PCT/EP2018/056043

_25_

the first wavelength range at least partially into

electromagnetic radiation of a second wavelength range.

14. Optoelectronic device according to the preceding claim,
wherein a radiation entrance surface of the phosphor sheet
(6) is in direct contact with the radiation exit surface of

the semiconductor chip (7).

15. Optoelectronic device according to any of claims 13 to
14, wherein the phosphor sheet (6) comprises a plurality of
second phosphor particles converting electromagnetic
radiation of the first wavelength range in electromagnetic

radiation of a third wavelength range.

16. Optoelectronic device according to any of claims 13 to
15, wherein

- the first wavelength range comprises blue light,

- the second wavelength range comprises green to yellow
light,

- the third wavelength range comprises red light, and

- the optoelectronic device emits mixed light of the first
wavelength range, the second wavelength range and the third

wavelength range, the mixed light being warm white.

17. Optoelectronic device according to any of claims 13 to
16, wherein the semiconductor chip (7) is laterally embedded

in a reflective coating (8).

18. Method for the production of a plurality of
optoelectronic devices comprising the following steps:
- providing a phosphor sheet (6) according to any of claims 1

to 10,
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- positioning a plurality of radiation emitting semiconductor
chips (7) on a radiation entrance surface of the phosphor
sheet (6) at a distance to each other,

- filling regions between the semiconductor chips (7) with a
reflective coating (8),

- curing the first polymer material and/or the second polymer
material and/or the reflective coating (8), and

- separating the generated compound in a plurality of

optoelectronic devices.



WO 2019/174705

FIG 1

1/4

PCT/EP2018/056043

FIG 2

&\\\

N

\ N\

FIG 3

[rkBebehbehehbtedl S SiReS b




WO 2019/174705 PCT/EP2018/056043

2/4

FIG 4 :
(J =
| F—4
S
. R R A RN G R SR R SERIG5R g—jl\/z
FIG 5

4
-
o R R,

1




WO 2019/174705

3/4

PCT/EP2018/056043

FIG 6
4
| BRI, |
FIG 7 7 7 7
J J Z
_/g
6{ B R R SR B A B IR B AR HAAK ,::1 )
FIG 8 8 78 7 8 78
S J g g
=
_——-/3
6{ R RS ARG ARG ARBR ARG AR BRIRIH

—2




WO 2019/174705 PCT/EP2018/056043
4/4
FIG9
9 9 9 9
:/8 { :/8 { i/8 { : 8
P VR S DY R ¥
| | | I
6{ R R R SR PR SR R BB R - :
| | | | |
FIG10
5 i
6{ ooO%%SgOcégo 88 6”3
8~ 48

~ T



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/056043

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1L33/50 B32B5/16
ADD. HO1L33/46

B32B27/14

B32B27/28

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1L B32B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A abstract; figures 1,3,4
paragraphs [0152], [0159],
paragraphs [0190], [0192]

18 November 2010 (2010-11-18)
A abstract; figures 14,15
paragraphs [0218], [0219]

X EP 2 637 226 Al (NITTO DENKO CORP [JP])
11 September 2013 (2013-09-11)

[0177]

X US 2010/291313 Al (LING PEICHING [US])

1-5,9,
11,13,
14,18
12

1,3-5,8,
10,13-17
6,7,11,
12

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 November 2018

Date of mailing of the international search report

05/12/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Heising, Stephan

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2018/056043
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2637226 Al 11-09-2013 CN 103311414 A 18-09-2013
EP 2637226 Al 11-09-2013
JP 2013214716 A 17-10-2013
KR 20130102010 A 16-09-2013
TW 201340414 A 01-10-2013
US 2013234187 Al 12-09-2013

US 2010291313 Al 18-11-2010 CN 102421537 A 18-04-2012
CN 102428578 A 25-04-2012
EP 2419222 Al 22-02-2012
EP 2419943 Al 22-02-2012
JP 5384727 B2 08-01-2014
JP 5404920 B2 05-02-2014
JP 2012527118 A 01-11-2012
JP 2012527120 A 01-11-2012
KR 20120008054 A 25-01-2012
KR 20120022958 A 12-03-2012
TW 201101544 A 01-01-2011
TW 201104927 A 01-02-2011
TW 201104928 A 01-02-2011
US 2010291313 Al 18-11-2010
US 2011039358 Al 17-02-2011
US 2011045619 Al 24-02-2011
WO 2010132160 Al 18-11-2010
WO 2010132219 Al 18-11-2010
WO 2010132220 Al 18-11-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report

