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Description

Method for producing a plurality of optoelectronic devices

and optoelectronic device

A method for producing a plurality of optoelectronic devices

and an optoelectronic device are provided.

It is an object of the present application to provide a
method for producing a plurality of optoelectronic devices
having improved light out-coupling properties. Furthermore,
it is an object of the present application to provide an
optoelectronic device having improved light out-coupling

properties.

These objects are achieved by a method with the steps of
claim 1 and by an optoelectronic device with the features of
claim 7. Preferred embodiments and developments of the method
and the optoelectronic device are given in the regpective

dependent claims.

During a method for producing a plurality of optoelectronic
devices a premolded frame comprising a plurality of frame
elements is provided on a carrier. The premolded frame is
preferably formed from a plastic material, particularly
preferably completely. In particular, the premolded frame is

preferably free from a leadframe.

The premolded frame is particularly preferably manufactured
locally spaced apart and/or independently from the rest of
the optoelectronic devices. Particularly preferably, the
premolded frame is alone mechanically stable. The premolded

frame can be manufactured for example by injection molding or
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compression molding. One of the following materials is suited
to form the premolded frame: polycarbonate,

polymethylmethacrylate, epoxy resin.

Preferably, each frame element has an opening, which
penetrates completely through the frame element. The opening
can have a rectangular or round form. Particularly
preferably, the frame elements of the premolded frame are all

formed in an egqual manner.

In a next step of the method for producing a plurality of
optoelectronic devices, at least one semiconductor chip is
attached in each opening, such that a frame-chip compound is
generated. During this method step, the semiconductor chip is
preferably also fixed to the carrier. For example, the
semiconductor chips can be placed within the openings
successively. Further, it might be possible that the
semiconductor chips are placed within the openings by the

help of a batch process.

The carrier can comprise a metal plate or can be formed from
a metal plate. The metal plate can be a stainless steel
plate. Further, the carrier can comprise a thermal release
tape or can be formed by a thermal release tape. Furthermore,
the carrier can be a compound of a stainless steel plate and
a thermal release tape. In this case the stainless steel
plate is preferably responsible for the mechanical stability
of the carrier, while the release tape has sticking
properties for fixing the elements of the finished
optoelectronic device, such as the semiconductor chips or the
premolded frame. According to a preferred embodiment of the
method, the premolded frame and the semiconductor chips are

fixed to the thermal release tape.
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In a next step of the method, the openings are at least
partially filled with a resin. The openings can be filled
with the resin by casting. Particularly preferably, the
openings are filled completely with the resin, such that the
resin terminates flush with a surface of the premolded frame.
In order to harden the resin, the resin is cured, for example
thermally or by ultraviolet light. As resin a silicone or an

epoxy resin or a mixture of these materials can be used.

In a next step of the method, the frame-chip compound is
particularly preferably separated such that a plurality of
optoelectronic devices is generated. During separation the
premolded frame is preferably divided in a plurality of frame
elements. The optoelectronic devices can be separated by
sawing. Preferably, traces of separation are generated on
side faces of the frame element by the separation process.
For example traces of the saw or traces of the laser
separation used for separation of the optoelectronic devices
are generated on the side faces of the frame element. Such,
the batch process described in this text can be detected at

the finished optoelectronic device.

If a compound of a stainless steel plate and a thermal
release tape is used as a carrier, the stainless steel plate
is preferably detached from the thermal release tape before
separation of the optoelectronic devices. After the
separation of the optoelectronic devices, the thermal release

tape can be removed from each optoelectronic device.

According to an embodiment of the method, each opening of the
premolded frame is limited by a sidewall, which is inclined

and includes an acute angle with a normal of a main face of
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the premolded frame. By choosing the value of the acute angle
the radiation characteristic of the optoelectronic device can
be influenced in a desired manner. Preferably, the acute
angle has a value between 25° and 85° inclusive the limits.
Particularly preferably, the acute angle has a value between

35° and 65° inclusive the limits.

According to a further embodiment of the method, each opening
of the premolded frame is limited by a sidewall, which is
curved. For example, the curved sidewall has a parabolic

shape.

The number of the sidewalls of the opening depends on the

form of the frame element. For example, if the opening has a
rectangular form, the opening is preferably limited by four
sidewalls. In the case of a round opening, a single sidewall

limits the opening.

According to a further preferred embodiment of the method,
the semiconductor chip comprises a semiconductor layer
sequence with an active zone generating electromagnetic
radiation of a first wavelength range during operation of the
semiconductor chip. Preferably, the active zone generates

visible light, particularly from the blue spectral range.

For example, the semiconductor layer sequence is based on a
nitride semiconductor compound material. A nitride
semiconductor compound material is a semiconductor material
comprising nitrogen, as for example the materials from the
system InyAl,Ga;-x-yN with 0 < x <1, 0 £y <1 and x+ty < 1. A
semiconductor layer sequence based on a nitride semiconductor

compound material can, in particular, generate blue light.
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The electromagnetic radiation generated within the active
zone is preferably emitted from a radiation exit surface of
the semiconductor chip. Preferably, the radiation exit
surface of the semiconductor chip runs parallel to a rear
main face of the semiconductor chip. Particularly preferably,
the radiation exit surface and the rear main face of the

semiconductor chip are arranged opposite to each other.

Preferably, the semiconductor chip comprises a substrate,
which is transparent at least for the electromagnetic
radiation generated in the active zone. In this case, side
faces of the semiconductor chip are at least partially formed
by the substrate and electromagnetic radiation generated
within in the active zone is emitted not only through the
radiation exit surface of the semiconductor chip, but also

through the side faces of the semiconductor chip.

Preferably, the semiconductor layer sequence is arranged in
direct contact on the substrate. For example, the
semiconductor layer sequence is epitaxially grown on the
substrate. In particular, a sapphire substrate or a silicon
carbide substrate is suited as a growth substrate for a
semiconductor layer sequence based on a gallium nitride
material. A sapphire substrate or a silicon carbide substrate

is advantageously transparent for blue light.

According to a further embodiment of the method, the
semiconductor chip comprises a first electrical contact and a
second electrical contact, which are both arranged on a rear
main face of the semiconductor chip. The rear main face of
the semiconductor chip is preferably arranged opposite to the
radiation exit surface of the semiconductor chip. The first

electrical contact and the second electrical contact are
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intended to provide the active zone with current during

operation of the semiconductor chip.

According to a further embodiment of the method, the resin
comprises phosphor particles, which convert the
electromagnetic radiation of the first wavelength range in
electromagnetic radiation of a second wavelength range, which

is different from the first wavelength range.

For example, one of the following materials is suited for the
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.

Preferably, the phosphor particles convert a part of the
electromagnetic radiation of the first wavelength range,
which is out of the blue spectral range, into yellow
radiation, such that the optoelectronic device emits mixed
white light composed of light of the first wavelength range

and light of the second wavelength range.

For example, the phosphor particles can form a wavelength
conversion layer at least on the radiation exit surface of
the semiconductor chip by sedimentation. During
sedimentation, the phosphor particles are comprised by the
uncured liquid resin and fall down onto the semiconductor
chip by gravitation, such that they form a wavelength

conversion layer at least on the radiation exit surface of
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the semiconductor chip. After the sedimentation of the

phosphor particles by gravitation, the resin is cured.

Alternatively, the resin can be cured directly after to be
filled within the opening. This results in a casting, wherein

the phosphor particles are distributed in the whole volume.

Furthermore, it is possible that a wavelength conversion
plate is arranged directly on the radiation exit surface of
the semiconductor chip. The wavelength conversion plate can
be formed from a resin, preferably from silicone, also having
phosphor particles for wavelength conversion in its volume.
Furthermore, it is possible that the wavelength conversion
plate is formed from a wavelength conversion ceramic

material.

The method described above is particularly suited for the
manufacturing of a plurality of semiconductor chips. A
semiconductor chip, which can be manufactured by the method
described above, is described in the following. All features
and embodiments described in connection with the method can
also be embodied within the semiconductor chip and vice
versa, as far as it is reasonable from a technical point of

view.

An optoelectronic device preferably comprises a semiconductor
chip with a first electrical contact and a second electrical
contact on a rear main face of the semiconductor chip. The
rear main face of the semiconductor chip is arranged opposite

to a radiation exit surface of the semiconductor chip.

Furthermore, the optoelectronic device preferably comprises a

frame element formed from a plastic material. The frame
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element comprises preferably an opening penetrating
completely through the frame element. Preferably, the

semiconductor chip is arranged in the opening.

Preferably, the frame element is responsible for the
mechanical stability of the optoelectronic device.
Particularly preferably, the optoelectronic device does not
comprise a further carrier element, which renders the
optoelectronic device mechanically stable. In particular, the
optoelectronic device is free of a leadframe. Particularly

preferably, the frame element is free of a leadframe.

Furthermore, the optoelectronic device comprises a resin,
which is arranged in the opening. Preferably, the resin fills
the opening completely, such that a planar surface is formed
by the resin and the frame element. Particularly preferably,

the resin terminates flush with the frame element.

According to a preferred embodiment of the optoelectronic
device, the semiconductor chip is fixed to the frame element
solely by the resin. In other words, the resin forms the
joining material for fixing the semiconductor chip within the
frame element. Particularly preferably, the resin is at least
partially freely accessible from a rear main face of the
optoelectronic device. Preferably, all gaps between the
semiconductor chip and the frame element are filled with the
resin. This enhances the stability of the connection between

the semiconductor chip and the frame element.

The rear main face of the optoelectronic device is arranged
opposite to a radiation emitting front face of the

optoelectronic device. The rear main face of the
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optoelectronic element is preferably suited for mounting to a

further element, such as a printed circuit board.

Particularly preferably, the first electrical contact and the
second electrical contact are freely accessible, particularly
preferably from a rear main face of the optoelectronic
device. This makes it advantageously possible to electrically
connect the optoelectronic device via its rear main face by
the help of the first electrical contact and the second
electrical contact. In such a way, bond wires can be avoided,
which leads to more reliable electrical properties of the
optoelectronic device. Further, it is advantageously possible
to solder the optoelectronic device to contact pads of a
carrier or a printed circuit board via its first electrical

contact and its second electrical contact.

According to a further embodiment of the optoelectronic
device, a wavelength conversion layer is applied on the
radiation exit surface of the semiconductor chip, Further, it
is also possible that the side faces of the semiconductor

chip are covered with the wavelength conversion layer.

Particularly preferably, the semiconductor chip comprises a
substrate, which is transparent at least for the
electromagnetic radiation generated in the active zone, such
as a sapphire substrate or a silicone carbide substrate. Such
a semiconductor chip emits electromagnetic radiation
generated in the active zone not only from its radiation exit

surface, but also at least partially from its side faces.

Electromagnetic radiation, which is emitted from the side
faces of the substrate, impinges on the sidewall of the

opening. If the sidewalls are inclined or curved, they can
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advantageously act as a reflector for the electromagnetic
radiation emitted laterally from the side faces of the
semiconductor chip. In such a way, the radiation
characteristic of the optoelectronic device can be influenced

in a desired manner.

Particularly preferably, the sidewall of the opening is
covered with a reflective layer. The reflective layer
particularly preferably enhances the reflectivity of the
sidewalls for the electromagnetic radiation generated in the
active zone. Particularly preferably, the reflective layer is
embodied as a specular reflective layer. The reflective layer
can be formed by a metal, in particular, by silver. The
reflective layer formed from a metal has preferably a
thickness between 100 Nanometer and 1000 Nanometer, inclusive
the limits. Particularly preferably, the reflective layer
formed from a metal has a thickness between 200 Nanometer and

600 Nanometer, inclusive the limits.

Further, the reflective layer can be formed from a resin,
which comprises reflective particles, in particular
titandioxide particles. The reflective layer formed from a
resin comprising reflective particles has preferably a
thickness between 0.5 Microns and 10 Microns, inclusive the
limits. Particularly preferably, the reflective layer formed
from a resin comprising reflective particles has a thickness

between 2 Microns and 5 Microns, inclusive the limits.

Further preferred embodiments and developments of the
invention are described in the following in connection with

the Figures.
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In connection with the schematic views of Figures 1 to 7, an
exemplary embodiment of a method for producing a plurality of

optoelectronic devices is described in further detail.

In connection with the schematic view of Figure 8, a further

exemplary embodiment of the method is described.

With the help of the schematic views of Figures 9 to 10 a
first exemplary embodiment of an optoelectronic device is

described.

In connection with the schematic sectional views of Figures
11 and 12 a further exemplary embodiment of the

optoelectronic device is described.

In connection with the schematic sectional views of Figures
13 to 15 further exemplary embodiments of the optoelectronic

device are described.

The schematic sectional views of Figures 16 and 17 show

further exemplary embodiments of the optoelectronic device.

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.

As shown, for example, in the schematic plan view of Figure
1, a premolded frame 1 is provided in a first step of the

method according to the exemplary embodiment of Figures 1 to
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7. The premolded frame 1 is formed completely from a plastic
material and has a plurality of frame elements 2. Each frame
element 2 has an opening 3, which is formed in a rectangular
manner in the present exemplary embodiment. The openings 3

penetrate completely through the frame element 2.

As shown schematically in Figure 2, each opening 3 is limited
by a sidewall 4, which has an inclined surface, including an
acute angle o with respect to a normal n of a main face of
the premolded frame 1. The premolded frame 1 is provided on a
carrier 5, which is formed by a compound of a stainless steel

plate 6 provided with a thermal release tape 7.

In the next step of the method according to the exemplary
embodiment of Figures 1 to 7, which is schematically shown in
Figure 3, a plurality of semiconductor light-emitting chips 8
is placed within the openings 3 of the premolded frame 1. In
each opening 3 of the premolded frame 1 one semiconductor

chip 8 is fixed to the thermal release tape 7.

The schematic sectional view of Figure 4 shows exemplarily a
semiconductor chip 8, which can be used at present. The
semiconductor chip 8 comprises a rear main face 9 provided
with a first electrical contact 10 and a second electrical
contact 11. The rear main face 9 of the semiconductor chip is
arranged opposite to a radiation exit surface 12 of the
semiconductor chip 8. Furthermore, the semiconductor chip 8
comprises a semiconductor layer sequence 13 with an active
zone 14 generating blue light during operation. The
semiconductor layer sequence 13 is epitaxially grown on a
transparent substrate 15, such that light generated in the
active zone 14 is also emitted from the side faces 16 of the

semiconductor chip 8.
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In a next step of the method, which is schematically shown in
Figure 5, the opening 3 of each frame element 2 is filled
with a resin 17, for example by casting. The resin 17 fills
the opening 3 completely and terminates flush with the frame
elements 2. Also, the liquid resin 17 fills, preferably
completely, gaps between the semiconductor chips 8 and the
respective frame element 2. The resin 17 is cured immediately
after filling the resin 17 in the openings. The cured resin

17 fixes the semiconductor chips 8 to the frame elements 2.

The resin 17 comprises wavelength converting phosphor
particles, which convert the blue light of the semiconductor
chip 8 partially into yellow light. Since the curing of the
resin 17 is performed immediately after filling the resin 17
in the openings 3, the phosphor particles are distributed

within the whole volume of the resin 17.

In a next step of the method, which is shown in Figure 6, the
stainless steel plate 6 is removed from the thermal release
tape 7. Then, the optoelectronic devices are separated by
sawing along separation lines 18 running through the

premolded frame 1 (Figure 7).

Finally, the thermal release tape 7 is removed from the

optoelectronic devices such that the first electrical contact
10 and the second electrical contact 11 are freely accessible
(not shown). Also, the cured resin 17 is freely accessible at

a rear main face of the optoelectronic device.

According to the method of the exemplary embodiment of Figure
8, the resin 17 is not cured immediately after to be filled

in the openings 3, as described in connection with Figure 5.
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Rather, the resin 17 stays in a liquid uncured state in a
first instance, such that the phosphor particles form a
wavelength conversion layer 22 on a radiation exit surface 12
of the semiconductor chips 8 by sedimentation. After the
sedimentation of the phosphor particles by gravitation, the
resin 17 is cured and a stable chip-frame compound is
achieved. Then, the method can be prosecuted further as

already described in connection with Figures 6 and 7.

The optoelectronic device according to the exemplary
embodiment of Figures 9 and 10 comprises a frame element 2
formed from a plastic material. The frame element 2 is free
from a leadframe and completely formed out of the plastic
material. The frame element 2 has a rectangular opening 3

limited by four inclined sidewalls 4, which include an acute
angle o with a normal n of the frame element 2. On the
sidewalls 4 of the opening 3, a reflective layer 19,

preferably formed from silver, is deposited.

In the opening 3 of the frame element 2, a semiconductor chip
8 is arranged. The semiconductor chip 8 has two electrical
contacts 10, 11, which are freely accessible from a rear main
face of the optoelectronic device. The opening 3 of the frame
element 2 is completely filled with the resin 17. The resin
17 is partially freely accessible from a rear main face of
the optoelectronic device. The resin 17 comprises in its
whole volume phosphor particles converting electromagnetic
radiation of the first wavelength range emitted by the
semiconductor chip 8 in electromagnetic radiation of the
second wavelength range, such that the optoelectronic device
emits white light during operation. The white light is

composed of unconverted primary electromagnetic radiation of



10

15

20

25

30

WO 2018/036618 PCT/EP2016/069906

the semiconductor chip 8 and electromagnetic radiation

converted by the phosphor particles.

Figure 10 shows a perspective schematic view of the
optoelectronic device of Figure 9. As can be seen, the
optoelectronic device, the frame element 2 and the opening 3
have a rectangular form. The frame element 2 forms a
rectangular frame surrounding the semiconductor chip 8 and

its radiation exit surface 12 completely.

The optoelectronic device according to the exemplary
embodiment of Figure 11 has, in contrast to the
optoelectronic device according to the exemplary embodiment
of Figures 9 and 10, a wavelength conversion plate 20, which
is directly arranged on the radiation exit surface 12 of the
semiconductor chip 8. The wavelength conversion plate 20 can
be formed from a ceramic wavelength conversion material or
from a silicone comprising phosphor particles. The opening 3

of the frame element 2 is filled with a resin 17.

Figure 12 depicts the section indicated in Figure 11, in
order to explain the function of the inclined sidewalls 4 of
the openings 3 in further detail. Light rays represented by
the arrows, which are emitted from side faces 16 of the
transparent substrate 15 of the semiconductor chip 8, impinge
on the inclined sidewalls 4 of the frame element 2. Due to
their slope, the inclined sidewalls 4 reflect the light rays
towards a radiation exit surface 21 of the optoelectronic
device. This reduces loss of light. By choosing the form of
the sidewalls 4 and/or the angle o of the inclined sidewall
4 with the normal n of the frame element 2, a desired

radiation characteristics can be achieved.
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The optoelectronic devices according to the exemplary
embodiments of Figures 13 to 15 all have frame elements 2
with openings 3 that are each limited by an inclined sidewall
4. The sidewalls 4 according to the exemplary embodiments of

Figures 13 to 15 all include an acute angle a with a normal

n of the frame element 2. However, the angle a of the three
exemplary embodiments differ from each other resulting in

different radiation characteristics.

The sidewalls 4 of the opening 3 of the frame element 2 of
the optoelectronic device according to Figure 13 encloses an
acute angle o having a value about 70° with a normal n of

the frame element 2. This leads to a reflection of light rays
emitted from side faces 16 of the semiconductor chip 8 by the
sidewalls 4 resulting in converging light rays as indicated

by the arrows in the Figure.

The sidewalls 4 of the opening 3 of the frame element 2 of

the optoelectronic device according to Figure 14 encloses an
acute angle o having a value of about 45° with a normal n of
the frame element 2. This leads to a reflection of light rays
emitted from side faces 16 of the semiconductor chip 8 by the
sidewalls 4 resulting in parallel light rays as indicated by

the arrows in the Figure.

The sidewalls 4 of the opening 3 of the frame element 2 of
the optoelectronic device according to Figure 15 encloses an
acute angle o having a value of about 25° with a normal n of
the frame element 2. This leads to a reflection of light rays
emitted from side faces 16 of the semiconductor chip 8 by the
sidewalls 4 resulting in diverging light rays as indicated by

the arrows in the Figure.
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The optoelectronic device according to the exemplary
embodiment of Figure 16 has, in contrast to the
optoelectronic device of the exemplary embodiment of Figure
11, a frame element 2 with curved sidewalls 4. Furthermore,
the side faces 16 of the semiconductor chip 8 are also

provided with a wavelength conversion layer 22.

Such an optoelectronic device can be particularly used as a

low cost flash.

The optoelectronic device according to the exemplary
embodiment of Figure 17 has, in contrast to the
optoelectronic device according to the exemplary embodiment
of Figure 16, a frame element 2 with a greater thickness and
an opening 3 with sidewalls 4 having a greater area than the
sidewalls 4 of the opening 3 of the optoelectronic device of
Figure 16. Further, the sidewalls 4 have a steeper slope such
that a region of the sidewall 4 spaced apart from the
semiconductor chip 8 is substantially parallel to a normal n’
of the radiation exit surface 12 of the semiconductor chip 8.
This optoelectronic device has, in particular, a radiation
characteristic with a very narrow angle of the emitted

electromagnetic radiation.

The invention is not restricted to the exemplary embodiments
by the description on the basis of said exemplary
embodiments. Rather, the invention encompasses any novel
feature and also any combination of features, which in
particular includes any combination of features in the patent
claims, even i1f this feature or this combination itself is
not explicitly specified in the patent claims or exemplary

embodiments.
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sidefaces of the semiconductor chip
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wavelength conversion plate

radiation exit surface of the optoelectronic device
wavelength conversion layer

normal of the radiation exit surface
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Claims

1. Method for producing a plurality of optoelectronic
devices having the steps:

- providing a premolded frame (1) formed from a plastic
material on a carrier (5), said premolded frame (1) having a
plurality of frame elements (1), each frame element (2)
having an opening (3), penetrating completely through the
frame element (2),

- attaching at least one semiconductor chip (8) in each
opening (3), such that a frame-chip compound is generated,

- filling the openings (3) at least partially with a resin
(17), and

- separating the frame-chip compound such that a plurality of

optoelectronic devices is generated.

2. The method according to claim 1, wherein each opening (3)
of the premolded frame (1) is limited by a sidewall (4), said
sidewall (4) being inclined and including an acute angle (o)
with a normal (n) of a main face of the premolded frame (1)

or said sidewall (4) being curved.

3. The method according to any of the preceding claims,
wherein each semiconductor chip (8) comprises:

- a first electrical contact (10) and a second electrical
contact (11) on a rear main face (9) of the semiconductor
chip (8), said rear main face (9) being arranged opposite to
a radiation exit surface (12) of the semiconductor chip (8),
- a semiconductor layer sequence (13) with an active =zone
(14) generating electromagnetic radiation of a first
wavelength range during operation of the semiconductor chip

(8), and
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- a substrate (15), which is transparent at least for the

electromagnetic radiation generated in the active zone (14).

4. The method according to any of the preceding claims,
wherein the resin (17) comprises phosphor particles, which
convert the electromagnetic radiation of the first wavelength
range in electromagnetic radiation of a second wavelength

range.

5. The method according to the preceding claims, wherein the
phosphor particles form a wavelength conversion layer (22) at
least on a radiation exit surface (12) of the semiconductor

chip (8) by sedimentation.

6. The method according to any of the preceding claims,
wherein a wavelength conversion plate (20) is arranged
directly on the radiation exit surface (12) of the

semiconductor chip (8).

7. Optoelectronic device comprising:

- a semiconductor chip (8) with a first electrical contact
(10) and a second electrical contact (11) on a rear main face
(9) of the semiconductor chip (8), said rear main face (9)
being arranged opposite to a radiation exit surface (12) of
the semiconductor chip (8),

- a frame element (2) formed from a plastic material with an
opening (3) penetrating completely through the frame element
(2), wherein the semiconductor chip (8) is arranged in the
opening (3), such that the first electrical contact (10) and
the second electrical contact (11) are freely accessible, and

- a resin (17) arranged in the opening (3).
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8. The optoelectronic device according to claim 7, wherein
the semiconductor chip (8) is fixed to the frame element (2)

solely by the resin (17).

9. The optoelectronic device according any of claims 7 to 8,
wherein the resin (17) is at least partially freely
accessible from a rear main face of the optoelectronic

device.

10. The optoelectronic device according to any of claims 7 to
9, wherein each opening (3) of the frame element (2) is
limited by a planar inclined sidewall (4) including an acute
angle (o) with a normal (n) of a main face of the frame

element (2).

11. The optoelectronic device according to any of claims 7 to
9, wherein each opening (3) of the frame element (2) is

limited by a curved sidewall (4).

12. The optoelectronic device according to any of claims 7 to
11, wherein each semiconductor chip (8) comprises:

- a semiconductor layer sequence (13) with an active =zone
(14) generating electromagnetic radiation of a first
wavelength range during operation of the semiconductor chip
(8), and

- a substrate (15), which is transparent at least for the

electromagnetic radiation generated in the active zone (14).

13. The optoelectronic device according to any of claims 7 to
12, wherein the resin (17) comprises phosphor particles,
which convert the electromagnetic radiation of the first
wavelength range in electromagnetic radiation of a second

wavelength range.
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14. The optoelectronic device according to any of claims 7 to
13, wherein a wavelength conversion plate (20) is arranged
directly on the radiation exit surface (12) of the

semiconductor chip (8).

15. The optoelectronic device according to any of claims 7 to
14, wherein the sidewall (4) of the opening (3) is covered

with a reflective layer (19).

16. The optoelectronic device according to any of claims 7 to
15, wherein the reflective layer (19) is formed by a metal,

in particular by silver.

17. The optoelectronic device according to any of claims 7 to
15, wherein the reflective lavyer (19) is formed by a resin
comprising reflective particles, in particular titandioxide

particles.
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