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(54) LIGHT EMITTING DIODE MODULE AND LIGHTING SYSTEM

(67)  The present disclosure relates to a light emitting
diode module (LED module) comprising a substrate, a
printed circuit board (PCB) arranged on the substrate, at
least one first type LED configured to emit radiation suit-
able for generating white light, and at least one second
type LED die configured to emit UV-B radiation. The PCB
comprises an opening, and the at least one second type

Sa

LED die is arranged on the substrate within the opening
of the PCB. The present disclosure further relates to a
lighting system comprising an LED driver, and an afore-
mentioned LED module electrically connected to the LED
driver. The LED driver is configured to electrically supply
the LED module.
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Description

[0001] The present invention regards an LED module
and a lighting system comprising such an LED module,
wherein the LED module is configured to emitlight having
a UV-B component for enhancing human production of
vitamin D in the skin. The terms "light" and "visible light"
may be used as synonyms. Herein, the term "light emit-
ting diode" is abbreviated by "LED"

[0002] Forhuman health and well-being, itis important
that enough vitamin D is available. Vitamin D serves a
plurality of purposes in the human body, for example,
regulating the absorption of calcium and phosphorus and
facilitating normal immune system function, which is ex-
tremely important in similar pandemic situations like to-
day. The daily amount of vitamin D needed by a human
is estimated to be around 20 p.g. Vitamin D is included
in a plurality of different food products and can also be
supplemented by dietary supplements. Apart from that,
the human body is able to produce vitamin D in response
to exposing the skin to UV-B radiation. However, the
spectrum in which the skin is responsive to UV-B radia-
tion is rather narrow so that even natural sunlight does
not provide sufficient UV-B radiation to cause the human
body to generate vitamin D during wintertime.

[0003] Nowadays, the problem gets even worse be-
cause many people do not spend much time outside in
natural sunlight. One reason for that is that people in
modern societies rather spend more time indoors maybe
even because of the risk of skin cancer, which may be
caused by sunlight. Compensating this reduction of a pro-
duction of vitamin D by dietary supplements requires the
people being aware of the fact that their need of vitamin
D is higher than what they actually ingest.

[0004] Over the last years, light therapies using dedi-
cated narrowband light sources for quite a number of
different diseases became more and more popular. How-
ever, a lack of vitamin D is not really a disease in the first
place and applying a therapy does not seem suitable to
help compensating for a general lack of exposure to sun-
light. Such lack of exposure to sunlight is not only a prob-
lem for people who do spend most of the time indoors
but may also be caused by winter season or longer foggy
time periods when the access to natural light is very lim-
ited.

[0005] Therefore,itis an object of the presentinvention
to provide an LED module that allows increasing the pro-
duction of vitamin D by the human body without the need
of applying a dedicated therapy or changing the habits,
in particular the eating habits.

[0006] This and other objects, which become apparent
upon reading the following description, are solved by the
subject-matter of the independent claim. The dependent
claims refer to preferred embodiments of the invention.
[0007] According to a first aspect of the invention, a
light emitting diode module (LED module) is provided.
The LED module comprises a substrate, a printed circuit
board (PCB) arranged on the substrate, at least one first
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type LED configured to emit radiation suitable for gener-
ating white light, and at least one second type LED die
configured to emit UV-B radiation. The PCB comprises
an opening, and the at least one second type LED die is
arranged on the substrate within the opening of the PCB.
[0008] Since the LED module comprises the at least
one first type LED and the at least one second type LED
die it is configured to provide UV-B radiation while func-
tioning as a white light source. The UV-B radiation allows
increasing vitamin D production. In other words, the en-
tire LED module is configured to emit white light, e.g. for
illuminating an area or room, and additionally UV-B ra-
diation. Thus, the LED module is suitable to expose the
skin of humans to radiation having a wavelength range
that causes an increased vitamin D production. This has
the advantage, thatin an area where people spend quite
alot of time, and without any need of changing their hab-
its, the production of vitamin D is improved. Thus, the
exposure time of the skin of people to UV-B radiation is
significantly increased compared to the average expo-
sure times in sunlight only.

[0009] In addition, using at least one second type LED
die as the source of UV-B radiation in the LED module
is cheaper compared to using one or more LED packages
configured to emit UV-B radiation. The material of a pack-
age of an LED package configured to emit UV-B radiation
is more expensive compared to the material of a package
of an LED package for emitting visible light, such as white
light. The material of the package of an LED package for
emitting UV-B needs to be suitable for the UV-B radiation,
i.e. it may not be damaged by the UV-B radiation (e.g.
age at a higher aging rate due to the UV-B radiation).
Therefore, it is not possible to use simple and cost effec-
tive (i.e. cheap) plastic material(s) as are usually used
for packaging electriccomponents, such as an LED pack-
age for emitting visible light (e.g. white light). The term
"packaged LED" may be used as a synonym for the term
"LED package". An LED package for emitting radiation,
such as UV-B radiation or visible light (e.g. white light),
may be understood as an LED unit comprising a package
configured for being electrically connected toa PCB, e.g.
by soldering or surface mounted technology (SMT). The
package packages atleast one LED light source for emit-
ting theradiation, such as the UV-B radiation or the visible
light (e.g. white light). The terms "to house", "to encase"
and "to enclose" may be used as a synonym for the term
"to package".

[0010] Therefore,the LED module according to the first
aspect allows providing an LED module configured to
emit UV-B radiation in addition to light, such as white
light, for the same price as an LED module thatis merely
configured for illumination, i.e. emitting light, such as
white light.

[0011] The terms "through opening", "recess" or "cut-
out" may be used as synonyms for the term "opening".
The term "opening of the printed circuit board" is to be
understood such that within the opening the PCB s re-
moved, i.e. not present. Thus, the opening is an opening



3 EP 4 444 042 A1 4

or passage from one surface of the PCB (e.g. the surface
in contact with the substrate) to the other surface of the
PCB.

[0012] Optionally, the at least one first type LED may
comprise one or more blue LED light sources (one or
more monochromatic LED light sources) for emitting blue
light. The atleast one first type LED and/or the LED mod-
ule may comprise a conversion layer, such as a fluores-
cent phosphor layer, for converting blue light to light that
together with the emitted blue light generates white light.
The aforementioned light (that together with blue light
generates white light) may for example comprise at least
one of the following colors: green, greenish-yellow and
yellow. For implementing the aforementioned example
of the at least one first type LED any conversion layer
that is known may be used.. Optionally, the at least one
first type LED may be configured to emit light of two or
more different colors for emitting white light. The at least
one first type LED and/or the LED module may comprise
a layer, such as a diffuser layer, for mixing the light of
two or more different colors to generate white light. For
implementing the aforementioned second example of the
at least one first type LED any layer for mixing light of
two or more different colors to generate white light that
is known may be used.

[0013] The term "chip" may be used as a synonym for
the term "die". Both terms refer to an unpackaged ele-
ment. Thatis, an LED die or LED chip may be understood
as an unpackaged LED unit, i.e. an LED unit without a
package.

[0014] The at least one second type LED die may be
configured to emit electromagnetic waves with a wave-
length between 280 nm and 350 nm. Optionally, the at
least one second type LED die is configured to emit UV-
B radiation with a peak wavelength in a range between
300 and 320 nm, e.g. with a peak wavelength of 308 nm.
The at least one second type LED die may for example
be adhered or soldered to the substrate. The atleast one
second type LED die may be arranged on the substrate
such that it may be wire bonded, using one or more wire
bonds, to the PCB, e.g. to one or more pads of the PCB,
for electrically connecting the at least one second type
LED die with the PCB. The wire bonding may be per-
formed by gold wire bonding. Thus, the wire bonds may
be gold wire bonds. In case the LED module comprises
multiple second type LED dies, the second type LED dies
may be arranged in the form of a matrix on the substrate.
[0015] Optionally, the at least one second type LED
die may be arranged in the middle of the opening. In this
case, compared to a case where the atleast one second
type LED is arranged near the border (i.e. perimeter) of
the opening of the PCB, less UV-B radiation is present
atthe border of the opening and, thus, less UV-B radiation
reaches the PCB. Therefore, an aging effect of the PCB
due to the UV-B radiation may be reduced. Anyway, the
UV-B radiation of the at least one second type LED die
in a lateral (i.e. sideways) direction may be small, be-
cause the UV-B radiation of the at least one second type
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LED die may be mainly in axial direction, i.e. perpendic-
ular to the at least one second type LED die.

[0016] Optionally, the at least one second type LED
die may be peripherally arranged on the substrate, i.e.
near the border of the opening. Since the UV-B radiation
of the at least one second type LED die in a lateral (i.e.
sideways) direction may be small, because the UV-B ra-
diation of the at least one second type LED die may be
mainly in axial direction (i.e. perpendicular to the at least
one second type LED die), an aging effect of the PCB
due to the UV-B radiation may be acceptable or negligi-
ble. For example the PCB may comprise or be covered
by amaterial that is suited for UV-B radiation, e.g. durable
with respect to aging due to UV-B radiation. Arranging
the at least one second type LED die peripherally may
allow an easier and cheaper manufacturing process for
manufacturing the LED module.

[0017] The LED module may comprise one or more
connectors for being electrically connected directly to an
LED module driver, e.g. ballast, thatis configured to drive
the LED module, e.g. provide electrical supply for the
LED module in order to drive the LED light sources of
the LED module to emit light. The term "LED driver" may
be used as a synonym for the term "LED module driver".
[0018] The substrate may be a metal substrate, such
as an aluminum substrate. It is a heat sink of the LED
module. In addition or alternatively, the substrate may be
made of any other known material(s) suitable for provid-
ing a heat sink. The PCB may comprise a matrix material
and electrical wiring, e.g. copper wiring, on the matrix
material. In case the matrix material encapsulates some-
thing, it may be referred to as "encapsulating matrix ma-
terial". In case the matrix material is filling something, it
may be referred to as "filler matrix material". The matrix
material may be an FR-4 material. In other words, the
PCB may be an FR-4 PCB. The matrix material may com-
prise epoxy material and/or composite material. The
present invention is not limited to a specific PCB and,
thus, the PCB may be made of any material known for
implementing a PCB. The PCB layer on the substrate
may be referred to as "laminate". The terms "epoxy" and
"epoxy material" may be used as synonyms. Optionally,
the substrate may be a metal substrate (e.g. aluminum
substrate) and the PCB may be an FR-4 PCB.

[0019] Optionally, the at least one first type LED is at
least one first type LED die that is arranged on the sub-
strate within the opening of the PCB.

[0020] For example, the at least one first type LED die
may be at least one blue LED die (monochromatic LED
die) for emitting blue light. A conversion layer, such as a
fluorescent phosphor layer, may cover the at least one
blue LED die for converting the blue light to light that
together with the emitted blue light generates white light.
The aforementioned light may for example comprise at
least one of the following colors: green, greenish-yellow
and yellow. Any conversion layer that is known may be
used. The conversion layer may cover the at least one
blue LED die and the at least one second type LED die.
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Optionally, the conversion layer may cover the opening
of the PCB.

[0021] Optionally, the at least one first type LED die
may be any other known monochromatic LED die con-
figured to emit light that may be converted by any known
conversion layer to white light. The above description
with regard to the blue LED die and the conversion layer
for generating white light is correspondingly valid. Any
known LED die configured to emit radiation suitable for
generating white light may be used as the at least one
first type LED die.

[0022] The at least one first type LED die may be ar-
ranged on the substrate such that it may be wire bonded,
using one or more wire bonds, to the PCB, e.g. to one or
more pads of the PCB, for electrically connecting the at
least one first type LED die with the PCB. The wire bond-
ing may be performed by gold wire bonding. Thus, the
wire bonds may be gold wire bonds. The description with
regard to the at least one second type LED die may be
correspondingly valid for the at least one first type LED
die and vice versa.

[0023] In case the LED module comprises multiple first
type LED dies, the first type LED dies may be arranged
in the form of a matrix on the substrate.

[0024] Optionally, the at least one first type LED may
be peripherally arranged on the substrate, i.e. near the
border of the opening. The at least first type LED die may
be peripherally arranged on the substrate and the atleast
one second type LED die may be arranged on the sub-
strate in the middle of the opening. For example, in case
the LED module comprises multiple first type LED dies,
the at least one second type LED die may be arranged
on the substrate in the middle of the opening and the first
type LED dies may be arranged on the substrate around
the at least one second type LED die, optionally in the
form of a matrix. Optionally, in case the LED module com-
prises multiple first type LED dies, the first type LED dies
may be arranged on the substrate in the middle of the
opening, optionally in the form of a matrix; wherein the
at least one second type LED die may be peripherally
arranged. For example, when the LED module comprises
multiple second type LED dies in the aforementioned op-
tional case, the second type LED dies may be symmet-
rically arranged to each other near the border of the open-
ing.

[0025] Optionally, the at least one first type LED is at
least one surface mounted technology first type LED
(SMT first type LED) that is arranged on the PCB.
[0026] The term "surface mounted device (SMD) first
type LED" may be used as a synonym for the term "SMT
firsttype LED". The SMT firsttype LED comprises a pack-
age configured for being electrically connected to the
PCB by SMT, i.e. being surface mounted on the PCB for
electrical connection with the PCB. The package pack-
ages at least one LED light source for emitting radiation
suitable for generating white light.

[0027] Optionally, the at least one SMT first type LED
may comprise at least one monochromatic LED light
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source (e.g. at least one blue LED light source) and a
conversion layer (e.g. a fluorescent phosphor layer) for
converting the light emitted by the at least one mono-
chromatic LED light to light that together with the emitted
light (emitted by the at least one monochromatic LED
light) generates white light. Optionally, the at least one
SMT first type LED may comprise two or more LED light
sources (e.g. two or more monochromatic LED light
sources) for emitting light of two or more different colors
and a layer, such as a diffuser layer, for mixing the light
of the two or more different colors to generate white light.
The at least one SMT first type LED may be configured
to emit white light. Any known SMT LED configured to
emit white light or radiation suitable for generating white
light may be used as the at least one SMT first type LED.
[0028] The use of at least one SMT first type LED as
the at least one first type LED allows not using a conver-
sion layer, such as a fluorescent phosphor layer, in the
area of the opening of the PCB, where the at least one
second type LED die is arranged on the substrate. As a
result the efficiency of the UV-B radiation emitted by the
at least one second type LED die may be increased, be-
cause there is no such conversion layer that would cause
absorption of the UV-B radiation. Nevertheless, the ab-
sorption of the UV-B radiation by such conversion layer
is small enough that covering the at least one second
type LED die or the opening with such conversion layer
still allows a UV-B radiation sufficient for achieving the
above described positive effects, e.g. sufficient for en-
hancing Vitamin D production in a human body.

[0029] Optionally, the at least one first type LED is at
least one first type LED die arranged on the substrate
within the opening of the PCB, and at least one SMT first
type LED, which is configured to emit radiation suitable
for generating white light, is arranged on the PCB. The
description with regard to the at least one first type LED
being atleastone SMT firsttype LED may be correspond-
ingly valid for the aforementioned at least one SMT first
type LED.

[0030] Optionally, the at least one first type LED is at
least one SMT first type LED arranged on the PCB, and
at least one first type LED die, which is configured to emit
radiation suitable for generating white light, is arranged
on the substrate within the opening of the PCB. The de-
scription with regard to the at least one first type LED
being at least one first type LED die may be correspond-
ingly valid for the aforementioned at least one first type
LED die.

[0031] Optionally, the at least one second type LED
die is electrically wired with the PCB, and an matrix ma-
terial encapsulates the at least one second type LED die
electrically wired with the PCB.

[0032] Since the matrix material encapsulates the at
least one second type LED die it allows the UV-B radia-
tion emitted by the at least one second type LED die to
pass through. In other words, the matrix material negli-
gibly absorbs the UV-B radiation. The matrix material
may comprise one or more silicone(s), e.g. silicone rub-
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ber(s), and/or silicone(s) used in flexible UV transmitting
lenses. The term "silicone material(s)" may be used as
a synonym for the term "silicone(s)".

[0033] In case the at least one first type LED is the at
least one first type LED die, the at least one second type
LED die and the at least one first type LED die may be
electrically wired with the PCB. The matrix material may
encapsulate the at least one second type LED die and
the at least one first type LED die electrically wired with
the PCB.

[0034] Since the matrix material encapsulates the at
least one second type LED die and the at least one first
type LED die it allows the UV-B radiation emitted by the
at least one second type LED die and visible light (e.g.
white light) to pass through. In other words, the matrix
material negligibly absorbs the UV-B radiation and visible
light. The matrix material may comprise one or more sil-
icone(s), e.g. silicone rubber(s), and/or silicone(s) used
in flexible UV transmitting lenses. Optionally, the matrix
material encapsulates a conversion layer (e.g. a fluores-
cent phosphor layer) for converting light (e.g. blue light)
emitted by the at least one first type LED die (e.g. being
at least one blue LED die for emitting blue light) to light
that together with the emitted light (e.g. blue light) gen-
erates white light. Optionally, the matrix material may
comprise a conversion material (e.g. fluorescent phos-
phor) for converting light (e.g. blue light) emitted by the
at least one first type LED die (e.g. being at least one
blue LED die for emitting blue light) to light that together
with the emitted light (e.g. blue light) generates white
light.

[0035] The encapsulating matrix material may be re-
ferred to by the term "globe top". In other words, the LED
module may comprise a globe top that encapsulates the
at least one second type LED die and optionally the op-
tional atleast one first type LED die electrically wired with
the PCB, wherein the globe top is formed by the matrix
material. The at least one second type LED die and op-
tionally the optional at least one first type LED die may
be electrically wired by wire bonding with the PCB. The
matrix material may comprise at least one epoxy and/or
at least one silicone. For example, the matrix material
may comprise one or more resins, such as one or more
silicone resins and/or one or more epoxy resins. The ma-
trix material may comprise one or more rubbers, such as
one or more silicone rubbers and/or one or more epoxy
rubbers. The aforementioned resin(s) may become due
to a heat treatment rubber(s). The matrix material may
allow UV-B radiation and optionally visible light, e.g. white
light, to pass through. The matrix material may be trans-
parent or translucent. The matrix material may act as a
diffusor for the UV-B radiation, optionally for the UV-B
radiation and white light.

[0036] Optionally, the at least one second type LED
die is electrically wired by wire bonding, using one or
more wire bonds, with the PCB, and the matrix material
encapsulates the at least one second type LED die and
at least partly the one or more wire bonds.
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[0037] The LED module may comprise one or more
pads arranged on the PCB for electrically connecting the
at least one second type LED die with the PCB. The at
least one second type LED die may be electrically wired
by wire bonding with the one or more pads. The matrix
material may encapsulate or partly encapsulate the one
or more pads. The matrix material may encapsulate the
one or more wire bonds or partly encapsulate the one or
more wire bonds. The matrix material may encapsulate
the part of the one or more wire bonds that is arranged
within the opening.

[0038] Optionally, the at least one first type LED die is
electrically wired by wire bonding, using one or more wire
bonds, with the PCB, and the matrix material encapsu-
lates the at least one first type LED die and at least partly
the one or more wire bonds.

[0039] The LED module may comprise one or more
pads arranged on the PCB for electrically connecting the
at least one first type LED die with the PCB. The at least
one first type LED die may be electrically wired by wire
bonding with the one or more pads. The matrix material
may encapsulate or partly encapsulate the one or more
pads. The matrix material may encapsulate the one or
more wire bonds or partly encapsulate the one or more
wire bonds. The matrix material may encapsulate the part
of the one or more wire bonds that is arranged within the
opening.

[0040] Optionally, a dam is arranged on the PCB such
that the opening is arranged within a perimeter of the
dam. The at least one second type LED die may be elec-
trically wired with the PCB, and an matrix material may
be filled inside the perimeter of the dam such that the
matrix material covers the at least one second type LED
die electrically wired with the PCB.

[0041] The dam may be made of one or more resins,
such as one or more silicone resins and/or one or more
epoxy resins. For example, the dam may be made of one
or more rubbers, such as one or more silicone rubbers
and/or one or more epoxy rubbers. The aforementioned
resin(s) may become due to a heat treatment rubber(s).
The matrix material filled inside the perimeter of the dam
may comprise luminescent and/or scattering particles.
For examples, luminescent and/or scattering particles
may be embedded into the matrix material filled inside
the perimeter of the dam.

[0042] Since the matrix material covers the atleastone
second type LED die it allows the UV-B radiation emitted
by the at least one second type LED die to pass through.
In other words, the matrix material negligibly absorbs the
UV-B radiation. The matrix material may comprise one
or more silicone(s), e.g. silicone rubber(s), and/or sili-
cone(s) used in flexible UV transmitting lenses.

[0043] In case the at least one first type LED is the at
least one first type LED die, a dam is optionally arranged
on the PCB such that the opening is arranged within a
perimeter of the dam. The at least one second type LED
die and the at least one first type LED die may be elec-
trically wired with the PCB. The matrix material may be
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filled inside the perimeter of the dam such that the matrix
material covers the at least one second type LED die and
the at least one first type LED die electrically wired with
the PCB.

[0044] Since the matrix material covers the atleastone
second type LED die and the at least one first type LED
die it allows the UV-B radiation emitted by the at least
one second type LED die and visible light (e.g. white light)
to pass through. In other words, the matrix material neg-
ligibly absorbs the UV-B radiation and visible light. The
matrix material may comprise one or more silicone(s),
e.g. silicone rubber(s), and/or silicone(s) used in flexible
UV transmitting lenses. Optionally, the matrix material
covers a conversion layer (e.g. a fluorescent phosphor
layer) for converting light (e.g. blue light) emitted by the
at least one first type LED die (e.g. being at least one
blue LED die for emitting blue light) to light that together
with the emitted light (e.g. blue light) generates white
light. Optionally, the matrix material may comprise a con-
version material (e.g. fluorescent phosphor) for convert-
ing light (e.g. blue light) emitted by the at least one first
type LED die (e.g. being at least one blue LED die for
emitting blue light) to light that together with the emitted
light (e.g. blue light) generates white light.

[0045] Inotherwords the atleastone second type LED
die and optionally the optional at least one first type LED
die may be enclosed by a dam-and-fill technique using
a matrix material. The matrix material may comprise at
leastone epoxy and/or at least one silicone. Forexample,
the matrix material may comprise one or more resins,
such as one or more silicone resins and/or one or more
epoxy resins. The matrix material may comprise one or
more rubbers, such as one or more silicone rubbers
and/or one or more epoxy rubbers. The aforementioned
resin(s) may become due to a heat treatment rubber(s).
The matrix material may allow UV-B radiation and op-
tionally visible light, e.g. white light, to pass through. The
matrix material may be transparent or translucent.
[0046] Optionally, the perimeter of the dam equals the
perimeter of the opening. The perimeter of the dam may
have the shape of the perimeter of the opening. That is
the perimeter of the dam may be arranged along the pe-
rimeter of the opening. The matrix material may act as a
diffusor for the UV-B radiation, optionally for the UV-B
radiation and white light. Optionally, a part of the dam
may be arranged inside the opening on the substrate. In
this case, the passage "the dam is arranged on the PCB
such that the opening is arranged within a perimeter of
the dam" means that the rest of the opening, on which
the part of the dam is not arranged, is arranged within
the perimeter of the dam.

[0047] Optionally, the at least one second type LED
die is electrically wired by wire bonding, using one or
more wire bonds, with the PCB, and the matrix material
filled inside the perimeter of the dam covers the at least
one second type LED die and the one or more wire bonds.
[0048] Forexample, the matrix materialfilled inside the
perimeter of the dam covers the at least one second type
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LED die and the part of the one or more wire bonds that
is arranged within the opening of the PCB.

[0049] Optionally, the at least one second type LED
die is electrically wired by wire bonding, using the one or
more wire bonds, with one or more pads arranged on the
PCB, and the dam covers at least partly the one or more
pads.

[0050] In other words, the one or more pads for elec-
trically connecting the at least one second type LED die
with the PCB may be atleast partly arranged at a location
where the dam is arranged. Optionally, the one or more
pads are partly arranged within the perimeter of the dam.
Optionally, the perimeter of the dam is greater than the
perimeter of the opening such that the dam covers at
least partly the one or more pads. Optionally, the perim-
eter of the dam is greater than the perimeter of the open-
ing. The perimeter of the dam may have the shape of the
perimeter of the opening.

[0051] Optionally, the at least one first type LED die is
electrically wired by wire bonding, using one or more wire
bonds, with the PCB, and the matrix material filled inside
the perimeter of the dam covers the at least one first type
LED die and the one or more wire bonds.

[0052] Forexample, the matrix material filled inside the
perimeter of the dam covers the at least one first type
LED die and the part of the one or more wire bonds that
is arranged within the opening of the PCB.

[0053] Optionally, the at least one first type LED die is
electrically wired by wire bonding, using the one or more
wire bonds, with one or more pads arranged on the PCB,
and the dam covers at least partly the one or more pads.
[0054] In other words, the one or more pads for elec-
trically connecting the at least one first type LED die with
the PCB may be at least partly arranged at a location
where the dam is arranged. Optionally, the one or more
pads are partly arranged within the perimeter of the dam.
Optionally, the perimeter of the dam is greater than the
perimeter of the opening such that the dam covers at
least partly the one or more pads.

[0055] Optionally, the inside surface of the dam is re-
flective for UV-B radiation. The inside surface of the dam
may be reflective for UV-B radiation and white light.
[0056] Forexample, the inside surface of the dam may
be white. In addition or alternatively, reflective and/or
scattering particles may be embedded in the dam. For
example, the inside surface of the dam may comprise
reflective and/or scattering particles. The aforemen-
tioned reflective and/or scattering particles may be con-
figured to reflect and/or scatter UV-B radiation and op-
tionally white light.

[0057] Optionally, the opening is arranged at a sym-
metry axis of the PCB, optionally in the middle of the PCB.
[0058] The opening may have a circular, elliptic or a
rectangular shape.

[0059] In order to achieve the LED module according
to the first aspect of the present invention, some or all of
the above-described optional features may be combined
with each other.
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[0060] According to a second aspect of the invention,
a lighting system is provided. The lighting system com-
prises an LED driver, and an LED module according to
the first aspect, as described above, that is electrically
connectedtothe LED driver. The LED driver is configured
to electrically supply the LED module.

[0061] The lighting system may be a luminaire. The
lighting system may be an LED lamp, such as a retrofit
LED lamp. The term "illuminant" may be used as a syn-
onym for the term "lamp". A retrofit LED lamp may be
understood as an LED light source that has the form and
electrical connection of a classical lamp, such as a light
bulb, halogen bulb etc., usable in classical luminaires.
The luminaire may be a down-light luminaire.

[0062] The above description with regard to the LED
module according to the first aspect of the present inven-
tion is also valid for the lighting system according to the
second aspect.

[0063] Thelighting system according to the second as-
pect achieves the same advantages as the LED module
according to the first aspect.

[0064] All steps which are performed by the various
entities described in the present application as well as
the functionalities described to be performed by the var-
ious entities are intended to mean that the respective
entity is adapted to or configured to perform the respec-
tive steps and functionalities.

[0065] In the following, the invention is described ex-
emplarily with reference to the enclosed Figures, in which
Figure 1 is a cross-sectional view of an example
of an LED module according to the
present invention;

Figure 2 is a top view of a further example of an
LED module according to the presentin-
vention;

Figure 3 is a top view of a further example of an
LED module according to the presentin-
vention;

Figure 4 (A) is a top view of a further example of an
LED module according to the presentin-
vention; and

Figure 4 (B) is a side view of the LED module of Fig-
ure 4 (A).

[0066] In the Figures, corresponding elements have
the same reference signs. The proportions and dimen-
sions of the elements shown in the Figures do not rep-
resent the LED module to scale, but are merely chosen
to describe the structure and function of the LED module.
[0067] Figure1isa cross-sectional view ofanexample
of an LED module according to the present invention.
The LED module 1 of Figure 1 is an example of the LED
module according to the first aspect of this invention. The
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description of the LED module according to the first as-
pect of this invention is correspondingly valid for the LED
module 1 of Figure 1.

[0068] As shown in Figure 1, the LED module 1 com-
prises a substrate 2, a printed circuit board (PCB) 3 ar-
ranged on the substrate 2, first type LEDs 5a configured
to emit radiation suitable for generating white light, and
a second type LED die 5b configured to emit UV-B radi-
ation. The PCB 3 comprises an opening 4, and the sec-
ond type LED die 5b is arranged on the substrate 2 within
the opening 4 of the PCB 3. According to Figure 1, the
LED module 1 comprises twelve first type LEDs 5a. This
is only by way of example and the LED module 1 may
comprise a different number of first type LED 5a and the
following description is correspondingly valid for the LED
module comprising a different number of first type LEDs
5a. Thatis, the LED module 1 may comprise one or more
first type LEDs 5a. The terms "one or more" and "at least
one" may be used as synonyms. According to Figure 1,
the LED module 1 comprises one second type LED die
5b. This number is only by way of example and the LED
module 1 may comprise more than one second type LED
die 5b and the following description is correspondingly
valid for an LED module comprising more than one sec-
ond type LED die 5b.

[0069] According to the example of Figure 1, the first
type LEDs are first type LED dies 5a that are arranged
on the substrate 2 within the opening 4 of the PCB 3.
That is, the first type LED dies 5a and the second type
LED die 5b are together arranged on the substrate 2 with-
in the opening 4 of the PCB 3.

[0070] Forexample, the firsttype LED dies 5a are blue
LED dies for emitting blue light and the LED module 1
comprises a conversion layer (not shown in Figure 1),
such as a fluorescent phosphor layer, that covers the
blue LED dies 5a for converting the blue light (emitted
by the blue LED dies 5a) to light that together with the
emitted blue light generates white light. The conversion
layer may also cover the second type LED die 5b. Op-
tionally, the first type LED dies 5a may be any other
known monochromatic LED dies configured to emit light
that may be converted by any known conversion layer to
white light and the conversion layer is configured to con-
vert the light emitted by the monochromatic LED dies to
white light. The conversion layer may cover the opening
4 of the PCB 3.

[0071] In addition or alternatively, the first type LED
dies 5a and the second type LED die 5b may be covered
by an matrix material (not shown in Figure 1) allowing
visible light and the UV-B radiation to pass through. The
matrix material may cover the opening 4 of the PCB 3.
The matrix material may be at least one epoxy and/or at
least one silicone. The at least one silicone, i.e. the one
or more silicones, may be for example at least one of
silicone rubber(s), and silicone(s) used in flexible UV
transmitting lenses. For example, the matrix material may
comprise one or more resins, such as one or more sili-
cone resins and/or one or more epoxy resins. The matrix
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material may comprise one or more rubbers, such as one
or more silicone rubbers and/or one or more epoxy rub-
bers. The aforementioned resin(s) may become due to
a heat treatment rubber(s).

[0072] The matrix material may be arranged as out-
lined with regard to Figure 3 or Figures 4 (A) and 4 (B).
Thatis, the matrix material may encapsulate the first type
LED dies 5a and the second type LED die 5b. The en-
capsulating matrix material may be referred to by the
term "globe top". In other words, the LED module may
comprise a globe top that encapsulates the first type LED
dies 5a and the second type LED die 5a, wherein the
globe top is formed by the matrix material. Alternatively,
the LED module may comprise a dam (not shown in Fig-
ure 1)thatis arranged on the PCB 3 such that the opening
4 is within the perimeter of the dam; and the matrix ma-
terial is filled inside the perimeter of the dam such that
the matrix material covers the first type LED dies 5a and
the second type LED die 5b. The dam and/or the matrix
material may comprise one or more resins, such as one
or more silicone resins and/or one or more epoxy resins.
For example, the dam and/or the matrix material may
comprise one or more rubbers, such as one or more sil-
icone rubbers and/or one or more epoxy rubbers. The
aforementioned resin(s) may become due to a heat treat-
ment rubber(s).

[0073] The first type LED dies 5a and the second type
LED die 5b may be wire bonded, using wire bonds, with
the PCB 3, e.g. with pads arranged on the PCB 3 for
connecting the respective LED die with the PCB 3 (not
shown in Figure 1). The matrix material may encapsulate
or cover at least partly the wire bonds. For example, the
matrix material may encapsulate or cover the part of the
wire bonds arranged within the opening 4. This allows
preventing any mechanical damage to the bond wires
and ensuring that the wire bonds and the substrate 2
(e.g. being an aluminum substrate) are not in contact or
do not come into contact.

[0074] As shown in Figure 1, the second type LED die
5b may be arranged in the middle of the opening 4 of the
PCB 3. This may reduce an aging effect of the PCB 3
due to the UV-B radiation emitted by the second type
LED die 5b, as outlined above.

[0075] For further details on the LED module 1 of Fig-
ure 1 reference is made to the description of the LED
module according to the first aspect of the invention.
[0076] Figure 2 is a top view of a further example of
an LED module according to the present invention. The
LED module 1 of Figure 2 corresponds to the LED module
1 of Figure 1, wherein the number and arrangement of
the second type LED die 5b and the number of first type
LED dies 5a is different compared to Figure 1. Thus, the
description of the LED module 1 of Figure 1 is corre-
spondingly valid for the LED module 1 of Figure 2 and in
the following mainly the difference(s) and optional addi-
tional feature(s) of the LED module 1 of Figure 2 are
described. The number of the first type LED dies 5a
shown in Figure 2 is only by way of example and, thus,
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may be different. The number of the second type LED
dies 5b shown in Figure 2 is only by way of example and,
thus, may be different.

[0077] As shownin Figure 2, the first type LED dies 5a
may be arranged in the form of a matrix. The second type
LED dies 5b (e.g. the four second type LED dies 5b as
shown in Figure 2) may be arranged at the periphery of
the opening 4 of the PCB 3, i.e. near the perimeter of the
opening 4. This may allow an easier and cheaper man-
ufacturing process for manufacturing the LED module 1.
The second type LED dies 5b may be symmetrically ar-
ranged to each other on the substrate 2.

[0078] In Figure 2 wire bonds 6 are exemplarily shown
that electrically connect the second type LED dies 5b (by
wire bonding) with the PCB 3. The shape of the opening
4 of the PCB 3 of the LED module 1 of Figure 2 is circular.
This is only by way of example and, thus, the shape may
be differently, e.g. it may be elliptic or rectangular.
[0079] For further details on the LED module 1 of Fig-
ure 2 reference is made to the description of the LED
module according to the first aspect of the invention and
the LED module 1 of Figure 1.

[0080] Figure 3 is a top view of a further example of
an LED module according to the present invention. The
LED module 1 of Figure 3 is an example of the LED mod-
ule according to the first aspect of this invention. The
description of the LED module according to the first as-
pect of this invention is correspondingly valid for the LED
module 1 of Figure 3. The LED module 1 of Figure 3
differs from the LED modules 1 of Figures 1 and 2 in that
according to the example of Figure 3 the first type LEDs
5a are surface mounted technology (SMT) first type
LEDs, whereas according to the examples of Figures 1
and 2 the first type LEDs 5a are first type LED dies.
[0081] As shown in Figure 3, the LED module 1 com-
prises a substrate 2, a printed circuit board (PCB) 3 ar-
ranged on the substrate 2, first type LEDs 5a configured
to emit radiation suitable for generating white light, and
a second type LED die 5b configured to emit UV-B radi-
ation. The PCB 3 comprises an opening 4, and the sec-
ond type LED die 5b is arranged on the substrate 2 within
the opening 4 of the PCB 3. According to Figure 1, the
LED module 1 comprises multiple first type LEDs 5a. This
is only by way of example and the LED module 1 may
comprise a different number of first type LED 5a and the
following description is correspondingly valid for the LED
module comprising a different number of first type LEDs
5a. Thatis, the LED module 1 may comprise one or more
firsttype LEDs 5a. According to Figure 1, the LED module
1 comprises one second type LED die 5b. This number
is only by way of example and the LED module 1 may
comprise more than one second type LED die 5b and
the following description is correspondingly valid for an
LED module comprising more than one second type LED
die 5b.

[0082] According to the example of Figure 3, the first
type LEDs are SMT first type LEDs 5a that are arranged
on the PCB 3. That is, the SMT first type LEDs 5a are
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arranged on the PCB 3, whereas the second type LED
die 5b is arranged on the substrate 2 within the opening
4 of the PCB 3.

[0083] As shown in Figure 3, the second type LED die
5bis electrically wired by wire bonding, using one or more
wire bonds 6 (for example two wire bonds 6, as shown
in Figure 3), with the PCB 3. An matrix material 8 encap-
sulates the second type LED die 5b and at least partly
the one or more wire bonds 6. In other words, the LED
module may comprise a globe top 8 that encapsulates
the second type LED die 5b electrically wired with the
PCB 3, wherein the globe top is formed by the matrix
material 8. The matrix material 8 may comprise at least
one epoxy and/or at least one silicone. The at least one
silicone, i.e. the one or more silicones, may be for exam-
ple atleast one of silicone rubber(s), and silicone(s) used
in flexible UV transmitting lenses. For example, the matrix
material 8 may comprise one or more resins, such as
one or more silicone resins and/or one or more epoxy
resins. The matrix material 8 may comprise one or more
rubbers, such as one or more silicone rubbers and/or one
or more epoxy rubbers. The aforementioned resin(s) may
become due to a heat treatment rubber(s). The matrix
material 8 may allow UV-B radiation and optionally visible
light, e.g. white light, to pass through. The matrix material
8 may be transparent or translucent. The matrix material
8 may act as a diffusor for the UV-B radiation, optionally
for the UV-B radiation and white light. The matrix material
8 may be arranged such that it covers the opening 4 of
the PCB 3 and optionally a part of the PCB 3. The afore-
mentioned part of the PCB 3 may comprise no electric
components, e.g. no SMT first type LED 5a.

[0084] Asindicatedin Figure 3, the LED module 1 may
comprise one or more pads 7 (for example two pads 7,
as shown in Figure 3) arranged on the PCB 3 for electri-
cally connecting the second type LED die 5b with the
PCB 3. The second type LED die 5b may be electrically
wired by wire bonding, using one or more wire bonds 6,
with the one or more pads 7 (in Figure 3, two wire bonds
6 are exemplarily shown). The matrix material 8 may en-
capsulate or partly encapsulate the one or more pads 7
(not shown in Figure 3). The matrix material 8 may en-
capsulate the one or more wire bonds 6 (not shown in
Figure 3) or partly encapsulate the one or more wire
bonds 6 (as shown in Figure 3). The matrix material 8
may encapsulate the part of the one or more wire bonds
6 that is arranged within the opening 4 of the PCB 3.
[0085] As shown in Figure 3, the opening 4 of the PCB
3 may be arranged at a symmetry axis of the PCB. Ac-
cording to the example of Figure 3, the opening 4 is ar-
ranged in the middle of the PCB 3. The SMT first type
LEDs 5a may be arranged on the PCB 3 around the open-
ing 4 of the PCB 3. For example, as shown in Figure 3,
the SMT first type LEDs 5a may be arranged in the form
of a matrix on the PCB 3 around the opening 4 of the
PCB 3.

[0086] The description with regard to using the globe
top 8 for encapsulating or covering the second type LED
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die 5b of the LED module 1 of Figure 3 may be corre-
spondingly true for describing an optional way of encap-
sulating or covering the at least one second type LED
die 5b and optionally the first type LED dies 5a of the
LED module 1 of Figure 1 or Figure 2.

[0087] The number of wire bonds 6 and the number of
pads 7 shown in Figure 3 is only by way of example and
may be different. The description of Figure 3 is corre-
spondingly valid in case of a different number of wire
bonds 6 and/or different number of pads 7 compared to
the respective number shown in Figure 3.

[0088] For further details on the LED module 1 of Fig-
ure 3 reference is made to the description of the LED
module according to the first aspect of the invention.
[0089] Figure 4 (A) is a top view of a further example
of an LED module according to the present invention;
and Figure 4 (B) is a side view of the LED module of
Figure 4 (A). The LED module 1 of Figures 4 (A) and 4
(B) corresponds to the LED module 1 of Figure 3, wherein
an implementation with regard to the second type LED
die 5b is different. Thus, the description of the LED mod-
ule 1 of Figure 3 is correspondingly valid for the LED
module 1 of Figures 4 (A) and 4 (B) and in the following
mainly the difference(s) and optional additional feature(s)
of the LED module 1 of Figures 4 (A) and 4 (b) are de-
scribed.

[0090] Instead of using a globe top 8 for encapsulating
or covering the second type LED die 5b (as is done in
the example of Figure 3), the LED module 1 of Figures
4 (A) and 4 (B) comprises a dam 9 that is arranged on
the PCB 3 such that the opening 4 of the PCB 3 is ar-
ranged within a perimeter of the dam 9. As shown in
Figures 4 (A) and 4 (B), the second type LED die 5b is
electrically wired with the PCB 3, and an matrix material
10 may be filled inside the perimeter of the dam 9 such
that the matrix material 10 covers the second type LED
die 5b electrically wired with the PCB 3. The dam 9 may
be made of one or more resins, such as one or more
silicone resins and/or one or more epoxy resins. Option-
ally, the dam 9 may be made of one or more rubbers,
such as one or more silicone rubbers and/or one or more
epoxy rubbers. The matrix material 10 may comprise one
ormore resins, such as one or more silicone resins and/or
one or more epoxy resins. Optionally, the matrix material
10 may comprise one or more rubbers, such as one or
more silicone rubbers and/or one or more epoxy rubbers.
[0091] Thematrix material 10 may be as described with
regard to the matrix material 8 used in the LED module
1 of Figure 3.

[0092] In other words, according to Figures 4 (A) and
4 (b), the second type LED die 5b may be covered by a
dam-and-fill technique using the dam 9 and the matrix
material 10.

[0093] Optionally, the perimeter of the dam 9 equals
the perimeter of the opening 4 of the PCB 3 (as exem-
plarily shown in Figure 4 (A) and 4 (B)). Optionally, a part
of the dam 9 may be arranged inside the opening 4 of
the PCB 3 on the substrate 2 (not shown in Figure 4 (A)
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and 4 (B)). In this case, the passage "the dam 9 is ar-
ranged on the PCB 3 such that the opening 4 is arranged
within a perimeter of the dam 9" means that the rest of
the opening 4, on which the part of the dam 9 is not ar-
ranged, is arranged within the perimeter of the dam 9.
The perimeter of the dam 9 may have the shape of the
perimeter of the opening 4. According to Figure 4 (A),
the perimeter of the dam 9 and the perimeter of the open-
ing 4 have an elliptic shape. This is only by way of ex-
ample and, thus, the shape may be different, e.g. circular
or rectangular. The perimeter of the dam 9 may be ar-
ranged along the perimeter of the opening 4. The matrix
material 10 may act as a diffusor for the UV-B radiation,
optionally for the UV-B radiation and white light.

[0094] AsshowninFigures4 (A)and 4 (B), the second
type LED die 5b may be electrically wired by wire bond-
ing, using one or more wire bonds 6, with the PCB 3, and
the matrix material 10 filled inside the perimeter of the
dam 9 covers the second type LED die 5b and the one
or more wire bonds 6. For example, the matrix material
10 filled inside the perimeter of the dam 9 covers the
second type LED die 5b and the part of the one or more
wire bonds 6 that is arranged within the opening 4 of the
PCB 3.

[0095] AsshowninFigures4 (A)and 4 (B), the second
type LED die 5b may be electrically wired by wire bond-
ing, using the one or more wire bonds 6, with one or more
pads 7 arranged on the PCB. The one or more pads are
arranged on the PCB 3 for electrically connecting the
second type LED die 5b with the PCB 3. The dam 9 covers
at least partly the one or more pads 7. In other words,
the one or more pads 7 for electrically connecting the
second type LED die 5b with the PCB 3 may be at least
partly arranged ata location where the dam 9is arranged.
Optionally, the one or more pads 7 are partly arranged
within the perimeter of the dam 9.

[0096] According to the example of Figures 4 (A) and
4 (B), the perimeter of the dam 9 and the perimeter of
the opening 4 are equal and have the same shape so
that they may be aligned. Alternatively, the perimeter of
the dam 9 may be greater than the perimeter of the open-
ing 4 of the PCB 3. In this case, the dam 9 may be ar-
ranged on the PCB 3 such that the dam 9 covers at least
partly the one or more pads 7. The shape of the perimeter
of the opening 4 and the perimeter of the dam 9 may be
different.

[0097] The inside surface of the dam 9 may be reflec-
tive for UV-B radiation, optionally for UV-B radiation and
white light. For example, the inside surface of the dam 9
may be white. In addition or alternatively, reflective and/or
scattering particles may be embedded in the dam 9. For
example, the inside surface of the dam 9 may comprise
reflective and/or scattering particles. The aforemen-
tioned reflective and/or scattering particles may be con-
figured to reflect and/or scatter UV-B radiation and op-
tionally white light. The matrix material 10 may comprise
luminescent and/or scattering particles. For examples,
luminescent and/or scattering particles may be embed-
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ded into the matrix material 10 filled inside the perimeter
of the dam 9.

[0098] The description with regard to using the dam-
and-fill technique for covering the second type LED die
5b of the LED module 1 of Figures 4 (A) and 4(B) may
be correspondingly true for describing an optional way
of covering the at least one second type LED die 5b and
optionally the first type LED dies 5a of the LED module
1 of Figure 1 or Figure 2.

[0099] The number of wire bonds 6 and the number of
pads 7 shown in Figures 4 (A) and 4 (B) is only by way
of example and may be different. The description of Fig-
ures 4 (A) and 4 (B) is correspondingly valid in case of a
different number of wire bonds 6 and/or different number
of pads 7 compared to the respective number shown in
Figures 4 (A) and 4 (B).

[0100] For further details on the LED module 1 of Fig-
ure 4 (A) and 4 (B) reference is made to the description
of the LED module according to the first aspect of the
invention and the LED module 1 of Figure 3.

[0101] According to examples of the presentinvention,
a lighting system may comprise an LED driver and any
LED module of the LED modules of Figures 1, 2, 3, 4 (A)
and 4 (B). The LED module is electrically connected to
the LED driver and the LED driver is configured to elec-
trically supply the LED module.

[0102] The lighting system may be a luminaire. The
luminaire may be a down-light luminaire. Alternatively,
the lighting system may be an LED lamp, such as a retrofit
LED lamp.

[0103] The matrix material (e.g. silicone) and/or the
conversion layer (fluorescent phosphor) described here-
in may have a small or negligible absorption of electro-
magnetic waves at a wavelength of 308 nm.

[0104] In the claims as well as in the description the
word "comprising" does not exclude other elements or
steps and the indefinite article "a" or "an" does not ex-
clude a plurality. A single element or other unit may fulfill
the functions of several entities or items recited in the
claims. The mere fact that certain measures are recited
in the mutual different dependent claims does not indi-
cate that a combination of these measures cannot be
used in an advantageous implementation.

Claims

1. Alight emitting diode module (1), LED module, com-
prising

- a substrate (2),

- a printed circuit board (3), PCB, arranged on
the substrate (2),

- at least one first type LED (5a) configured to
emit radiation suitable for generating white light,
and

- at least one second type LED die (5b) config-
ured to emit UV-B radiation; wherein
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- the PCB (3) comprises an opening (4), and

- the at least one second type LED die (5b) is
arranged on the substrate (2) within the opening
(4) of the PCB (3).

2. The LED module (1) according to claim 1, wherein

- the at least one first type LED (5a) is at least
one first type LED die that is arranged on the
substrate (2) within the opening (4) of the PCB

@)
3. The LED module (1) according to claim 1, wherein

- the at least one first type LED (5a) is at least
one surface mounted technology first type LED,
SMT first type LED, that is arranged on the PCB

@)

4. The LED module (1) according to any one of the
previous claims, wherein

- the at least one second type LED die (5b), op-
tionally the at least one second type LED die
(5b) and the at least one first type LED die (5a),
is electrically wired with the PCB (3), and

- an matrix material (8) encapsulates the at least
one second type LED die (5b), optionally the at
least one second type LED die (5b) and the at
least one first type LED die (5a), electrically
wired with the PCB (3).

5. The LED module (1) according to claim 4, wherein

- the at least one second type LED die (5b) is
electrically wired by wire bonding, using one or
more wire bonds (6), with the PCB (3), and
-the matrix material (8) encapsulates the atleast
one second type LED die (5b) and atleast partly
the one or more wire bonds (6).

6. The LED module (1) according to claim 4 or 5 when
depending on claim 2, wherein

- the at least one first type LED die (5a) is elec-
trically wired by wire bonding, using one or more
wire bonds, with the PCB (3), and

-the matrix material (8) encapsulates the atleast
one firsttype LED die (5a) and at least partly the
one or more wire bonds.

7. The LED module (1) according to any one of claims
1 to 3, wherein

-adam (9)is arranged on the PCB (3) such that
the opening (4) is arranged within a perimeter
of the dam (9),

- the at least one second type LED die (5a), op-
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tionally the at least one second type LED die
(5b) and the at least one first type LED die (5a),
is electrically wired with the PCB (3), and

- an matrix material (10) is filled inside the pe-
rimeter of the dam (9) such that the matrix ma-
terial (10) covers the at least one second type
LED die (5b), optionally the at least one second
type LED die (5b) and the at least one first type
LED die (5a), electrically wired with the PCB (3).

8. The LED module (1) according to claim 7, wherein

- the at least one second type LED die (5b) is
electrically wired by wire bonding, using one or
more wire bonds (6), with the PCB (3), and

- the matrix material (10) filled inside the perim-
eter of the dam (9) covers the at least one sec-
ond type LED die (5b) and the one or more wire
bonds (6).

9. The LED module (1) according to claim 8, wherein

- the at least one second type LED die (5b) is
electrically wired by wire bonding, using the one
or more wire bonds (6), with one or more pads
(7) arranged on the PCB (3), and

- the dam (9) covers at least partly the one or
more pads (7).

10. The LED module (1) according to any one of claims
7 to 9 when depending on claim 2, wherein

- the at least one first type LED die (5a) is elec-
trically wired by wire bonding, using one or more
wire bonds, with the PCB (3), and

- the matrix material filled inside the perimeter
of the dam (9) covers the at least one first type
LED die (5a) and the one or more wire bonds.

11. The LED module (1) according to claim 10, wherein

- the at least one first type LED die (5a) is elec-
trically wired by wire bonding, using the one or
more wire bonds, with one or more pads (7) ar-
ranged on the PCB (3), and

- the dam (9) covers at least partly the one or
more pads (7).

12. The LED module (1) according to any one of claims
7 to 11, wherein

- the inside surface of the dam (9) is reflective
for UV-B radiation, optionally for UV-B radiation
and white light.

13. The LED module (1) according to any one of the
previous claims, wherein
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-the opening (4) is arranged at a symmetry axis
of the PCB (3), optionally in a middle of the PCB

@)
14. A lighting system, comprising

- an LED driver, and

-an LED module (1) according to any one of the
previous claims electrically connected to the
LED driver; wherein

- the LED driver is configured to electrically sup-
ply the LED module (1).
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