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(54) TRANSLUCENT ANTENNA FOIL COMPRISING AN ANTENNA MOUNTED ON AN OPTICAL
ELEMENT

(57) A device (10) with a translucent antenna foil
(100) and the translucent antenna foil (100) per se,
whereas the translucent antenna foil (100) comprises
an antenna, for use in the device (10) having an optical
element (200), wherein the antenna foil (100) is moun-
table on or in the optical element (200) of the device (10),
wherein the antenna foil (100) has an antenna portion
(110) and a feeder line portion (120). In the antenna

portion (110) an antenna conductor (111) of the antenna
for emitting and receiving signals is positioned, and the
feeder line portion (120) includes a connector (123)
having respective contacts (124) for coupling the anten-
na to a complementary connector (520) on a circuit board
(300, 500) of the device (10). Hereby the connecting
portion (122) connects the antenna conductor (111)
and the connector (123).
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Description

[0001] The invention relates to a translucent antenna
foil mounted on an optical element of a device, with none
or at most minor negative effect on a respective optical
light path desired for the respective optical element.
[0002] Currently known antennas in use in luminaires
or other devices with optical elements are usually posi-
tioned inside a respective housing of a luminaire. How-
ever with this structural setup, especially with devices
having metal housings signal communication from and
towards such antennas is negatively affected.
[0003] Some other forms of antennas are also known,
whereas hereby these antennas are either fixedly inte-
grated inside the respective optical element or are in-
flexible and stiff extra components thatmounted inside of
a respective housing of a device. However, this arrange-
ment is often regarded as disadvantage with regard to a
uniform light distribution.
[0004] The EP 3 320 581 B1 deals with such an extra
antenna device being mounted cantered inside a lumi-
naire on a printed circuit board. In US 2019/0323683 A1
an antenna is described that is fixedly connected to a
respective flexible printed circuit board, whereas the
antenna is disposed on a surface of a light guide plate
of a light-emitting device, and the light-emitting device
emits light on the basis of identification information ob-
tained through communications via antenna. The US
2009/0047900 A1 describes a repeater system that is
designed to amplify mobile radio communications, parti-
cularly throughmetallised window panes, whereas here-
by an outside and inside antenna are required that are
connected, whereas the inside antenna is integrated
inside the respective window and retransmits signals
received from the outside antenna. However, these
knownantennas are not suitable for applications inwhich
an antenna is to be flexibly arranged in or on optical
elements of any shape.
[0005] Thus, the invention is concernedwith the task of
providing a flexible antenna for flexible use in optical
elements applications. This task is solved by the trans-
lucent antenna foil comprising an antenna, for use in a
device having an optical element according to indepen-
dent claim 1. The invention is defined in the independent
claims. Additional features of the invention are provided
in the respective dependent claims.
[0006] According to the invention the translucent an-
tenna foil comprising an antenna, for use in a device
having an optical element, is mountable on or in the
optical element of the respective device, and has an
antenna portion and a feeder line portion. Hereby, an
antenna conductor of the antenna for emitting and re-
ceiving signals is positioned in the antenna portion, and
the feeder line portion includes a connector having re-
spective contacts for coupling the antenna to a comple-
mentary connector on a circuit board of the device, and a
connecting portion connecting the antenna conductor
and the connector. Furthermore, both the antenna por-

tion and the feeder line portion are substantially translu-
cent.
[0007] With this translucent antenna foil an utmost
flexible antenna application is achieved, as the antenna
is easily mounted in or on a respective optical element of
a device, being adaptive to the respective shape of the
optical element due to its foil character. With the antenna
portion being translucent, unwanted light distortion is
minimized, whereas this also applies for the feeder line
portion also being substantially translucent. Thus, the
translucent antenna foil allows for a positioning of the
antenna in convenient positions of the respective device,
minimizing influence of other components of the device
on the signal communication towards and from the an-
tenna.
[0008] Furthermore, besides the translucent antenna
foil itself also a kit consisting of the translucent antenna
foil and a respective optical element on which the anten-
na foil ismounted is disclosedherein. Features relating to
the antenna foil and/or the optical element thus are also
valid for the combined assembly.
[0009] Moreover, a device is proposed herein, wherein
the device comprises an optical element, a circuit board
and a housing, whereas the optical element and the
circuit board are arranged on an inside of the device.
The device further comprises a light emitting element,
such as an LED, or a light receiving element, such as a
sensor element, or respectively multiple thereof wherein
thedevice further comprises theantenna foil according to
any one of the herein disclosed embodiments of the
translucent antenna foil. Hereby, the optical element is
made of plastic and/or glass and the antenna foil is
mounted on and/or in the optical element. Moreover,
the antenna foil is coupled via its connector to the circuit
board.With the respective antenna foil in use, the user of
the device may not detect the foil per se, with its respec-
tive translucent characteristics, increasing the devices
aesthetics.
[0010] The one or multiple light emitting elements may
be positioned on an LED-module (or multiple LED-mod-
ules),whereas it is also conceivable that respectively one
or multiple OLEDs are used as the light emitting ele-
ment(s), or the like.
[0011] The such configured device benefits from the
advantages of the translucent antenna foil, as the light
emission or light absorption (respectively light intake) of
the device is not influenced in an unwantedway.Hereby -
dependingon the specific configurationof the translucent
antenna foil and the respective use scenario - the trans-
lucent antenna foil can also aid in lightmanipulation, e.g.,
when a light homogenization is desired via a diffusing
characteristic of the translucent antenna foil, or the like.
Furthermore, a beneficial signal transmission towards
and from the antenna of the device is achieved, as the
antenna is arranged on or in the optical element, and not,
e.g., on a printed circuit board of the device or inside the
(often metallic) housing of the device, reducing the influ-
ence of jamming sources.
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[0012] Optionally the antenna foil comprises an elec-
trically conductive middle layer and two laminated foil
layers, sandwiching the middle layer. Hereby the elec-
trically conductive middle layer comprises the antenna
conductor. With such a configuration, the conductive
middle layer, respectively the antenna, is protected
against outside influences. The two laminated foil layers
herebyprovideacontinuous insulationup to theplug (i.e.,
the connector) due to the two foil layers being laminated
onboth sides encapsulating themiddle layer. This results
in an utmost durable, flexibly applicable antenna foil.
[0013] Preferably, both the antenna portion and the
feeder line portion are formed by the two laminated foil
layers, and the conductive middle layer arranged be-
tween the two foil layers. With this configuration both
the feeder line portion and the antenna portion are
equally durable yet flexible, and furthermore the middle
layer is particularly protected from outside influences.
Also, preferably, a non-conductive filler material, for ex-
ample an insulator, may be provided in the middle layer
between adjacent segments of the antenna conductor
and further preferred also in edge regions of the antenna
foil. Hereby an improved electric isolation of different
segments of the antenna is achieved. With the insulation
in the edge regions a further improved separation from
outside influences is achieved,whereas thenon-conduc-
tive filler is ideally not present at the end face of the
connector, such that an ideal electrical coupling of the
plug with the respective counterpart is possible.
[0014] Optionally in an end region of the feeder line
portion only one of the two laminated foil layers, is pre-
sent, and thus in this end region the conductive middle
layer is uncovered forming the contacts of the connector
of the feeder line portion. Via this implementation an easy
but effective connection of the antenna with the device is
achievable. Preferably in the section of the uncovered
middle layer a reinforcing layer is provided on top of the
only foil layer. Hereby the feeder line portion and in
particular the connector is reinforced, forming it more
durable and easy to connect to the respective opposite
connection mean of the device. Moreover it may be
desired that in the section of the uncovered middle layer
the uncovered segments of the antenna conductor are
provided with a metal print, preferably with a silver print
and/or a gold print and/or a copper print and/or by plasma
metallization, forming the contacts of the connector of the
feeder line portion. This improves signal transmission of
the antenna due to reduction of losses at the connector
interface between the antenna foil and the device by the
selected metal material and protects the conductive
layer.
[0015] Optionally the antenna conductor comprises
copper. This improves antenna characteristics of the
antenna foil, while simultaneously ensuring a flexible
but still durable foil. Hence, it is preferred that theantenna
foil is made flexible and in particular reversibly bendable.
This ensures applicability of the foil in various scenarios
and further ensures different application scenarios over

its lifetime.
[0016] Optionally theantenna foil is substantially trans-
parent and preferably has a degree of transparency of at
least 90%. This allows the antenna to be positioned on
optical elementswheredirect andultimately lossless light
transmittal is important.
[0017] Optionally the antenna foil itself has a light-
diffusing effect, and preferably is opaque. With this im-
plementation, the foil itself may be arranged on an optical
element that is a diffusor, and hereby may also improve
diffusing characteristics of the optical element via sy-
nergy. The antenna foil hereby contributes to the desired
influence on the optical path of the respective regarded
emitted or received light. Further, preferably the antenna
conductor is such arranged within the middle layer that it
contributes to thediffusioneffect. Thearrangement of the
various antenna segments of the antenna conductor can
be aligned such that a respective diffusing effect is
achieved by the foil.
[0018] Optionally the antenna foil has, at least in the
antenna portion, an adhesive layer which is arranged on
one of the foil layers. This allows for an utmost easy and
flexiblepositioningonor inanoptical element.Preferably,
the adhesive layer is integrally formed by one of the foil
layers. With this implementation production of the anten-
na foil is facilitated and furthermore the antenna foil is
formed as slim as possible, while maintaining preferred
antenna characteristics and flexible usage of the foil.
[0019] Optionally the antenna conductor forms a wire
mesh, which is formed, e.g., in a flat coil shape, wherein
further preferably the wire mesh is designed for transmit-
ting and/or receiving NFC signals or other RFID signals.
The foil may also be designed to transmit and receive
Sub-GHz, 5 GHz frequency band signals, 2.4 GHz fre-
quency band signals, Zig-Bee signals, and/or 5G signals
or RF signals with another frequency. The such formed
antenna foil is adapted to the respective usage scenario
and an optimal signal transmission and receival is ob-
tained via the respective specific antenna wire mesh
arrangement.
[0020] Optionally with regard to the device, the optical
element together with the light emitting or light receiving
element, forms an effective optical field EOF of the de-
vice, wherein at the antenna portion of the antenna foil is
arranged in the device such that only components of the
device made of plastic and/or glass are arranged within
theeffectiveoptical fieldEOFbetweenanoutsideOof the
deviceand theantennaportion.Hereby it is achieveddue
to the specific arrangement of components that no metal
is arranged in-between the outside area and the antenna
foil, such that signal transmission and receival can be
performed without losses due to interfering objects.
Thus, the so formed device has a further increased
accessibility for communication with a user’s operating
device, resulting in an easy and comfortable communi-
cation and thus maintenance of the device due to the
beneficial arrangement of the antenna foil.
[0021] Optionally with regard to the device, the anten-

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 572 006 A1 6

na portion of the antenna foil is arranged on a side of the
optical element facing the light emitting or light receiving
element, or wherein the antenna portion of the antenna
foil is disposed inside the optical element itself. Depend-
ingon thepresent operation scenario either configuration
may be regarded as beneficial, whereas the disposal
inside the optical element further protects the antenna
foil, and the arrangement on an outer surface of the
optical element further facilitates setup of the device.
[0022] Optionally with regard to the device, the anten-
na foil is coupled to the optical element by means of an
adhesive element, for example by means of an adhesive
layer arrangedonanouter surface layer of one laminated
foil layer, of the antenna foil,
or wherein the antenna foil is coupled to the optical
element by means of holding elements and/or guide
elements, which are preferably formed by the optical
element itself. While the coupling via an adhesive ele-
ment further eases setup and provides a secure mount-
ing, repositioning the antenna foil may be more compli-
cated than the positioning via the structural elements for
holding and/or guiding the foil.
[0023] Optionally with regard to the device, the circuit
board of the device comprises control electronics com-
ponents for controlling an antenna, the control electro-
nics components also comprising the complementary
connector to which the antenna foil is coupled via its
connector. With the respective circuit board, onboard
control of the antenna directly via the device is possible.
Preferably, the circuit board of the device is a control
electronics board for controlling an antenna. Thus, the
antenna of the antenna foil is controlled via a distinct
circuit board. Further preferably, the complementary con-
nector isazero insertion force,ZIF, connector. Thiseases
assembly of the device and further increases lifespan of
the antenna foil, as no force is required during connection
of the connector with the complementary connector.
[0024] In a preferred embodiment the device is a lu-
minaire, whereas the luminaire has a light source board
having a plurality of light sources, e.g., LEDs, andwhere-
in the optical element transmits light being emitted from
the light sources. Preferably, the light guide is a diffuser
arranged subsequent to the light source board in the light
emitting direction of the light sources. Hereby the anten-
na foil is arranged on or in the optical element and may
therefore be arranged in-between a light emission sur-
face of the luminaire and the light sources of the lumi-
naire, without affecting light transmission in an unwanted
manner. With the optical element being a diffusor, the
antenna foil is preferably also designed with a diffusing
characteristic improving diffusion of the luminaire.
[0025] Optionally with regard to the luminaire as the
device, the circuit board of the luminaire is the control
electronics board that is arranged separately from the
light sourceboard inside the luminaire.With this setup the
space within the luminaire can be ideally used, and the
control electronics board with the components for con-
trolling theantenna of the antenna foil are separated from

other circuit boards (such as the light source board) such
that electromagnetic interference is minimized. Alterna-
tively the light source board of the luminaire also com-
prises control electronics components for controlling an
antenna, the control electronics components also com-
prising the complementary connector to which the an-
tenna foil is coupledvia its connector,whereas the control
electronics components are positioned on a side of the
light source board that is opposite to the sideonwhich the
light sources are mounted. With this implementation a
singleprintedcircuit board is requiredwithin the luminaire
for simultaneously achieving illumination and a signal
transmission and receival.
[0026] In another embodiment the device is a sensor,
whereas the sensor has a sensor board having at least
one sensor element, wherein the optical element forms a
light entry surface of the sensor, and transmits light
towards the sensor element. Hereby, the available space
of the sensor is used very efficient, wherein a convenient
communication mean is provided with the antenna of the
antenna foil. The control electronics components for
controlling the antenna of the antenna foil can either
be provided on the same circuit board as the sensor
element of the sensor, or can also be provided on a
separate circuit board, as previously discussed with re-
gard to the other embodiment of the device being a
luminaire. Preferably the sensor is a passive infrared,
PIR, motion detector, an infrared, IR, sensor, and/or a
light sensor.
[0027] The invention is explained in detail below with
reference to examples of embodiments and with refer-
ence to the drawing. The figures show:

Figure 1 Schematic cross-sectional illustration of an
exemplary embodiment of a device com-
prising an exemplary embodiment of the an-
tenna foil being mounted on the optical ele-
ment of the device;

Figure 2 Schematic cross-sectional illustration of an
exemplary embodiment of a device being a
luminaire with an exemplary embodiment of
the antenna foil being mounted on the diffu-
sor inside the luminaire;

Figure 3 Schematic illustration of an exemplary em-
bodiment of an antenna foil in a top view;

Figure 4 Schematic cross-sectional illustration of the
exemplary embodiment of the antenna foil
known from Figure 3.

[0028] Figure 1 shows a schematic illustration of a
device 10, which may be a sensor 12 or a luminaire 11,
or any other device where an optical element 200 is
present and an easy and interference-free communica-
tion via the antenna foil 100 is desired. An exemplary
illustration of the antenna foil 100 itself is shown in
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Figures 3 and 4. Figure 2 shows an exemplary embodi-
ment of the device 10 being a luminaire 11.
[0029] The features described with regard to Figure 1
are also valid in their generality with regard to the im-
plementationofFigure2.Thesameapplieswith regard to
the features of the luminaire 11 described explicitly with
regard to Figure 2 with regard to the general device 10.
The embodiments of an antenna foil 100 shown and
described in Figures 3 and 4 are each individually trans-
ferable to thedevice 10known fromFigures1and2or the
antenna foil 100 known therefrom.
[0030] Figures 1 and 2 each show a device 10 com-
prising an optical element 200, at least one circuit board
300, 500 and a housing 600, 700, wherein the optical
element 200 and the circuit board 300, 500 are arranged
on an inside I of the device 10. The device 10 further
comprises an antenna foil 100, which is connected to (at
least) one of the circuit boards 300, 500 of the device 10.
In the shown embodiments the antenna foil 100 is each
directly linked to a control electronics board 500.
[0031] As shown in Figure 1 the antenna foil 100 is
positioned in an inside I of the device 10, whereby it is
hereby mounted on an inside surface of the optical ele-
ment 200. The antenna foil 100, respectively the antenna
portion 110 of the antenna foil 100 is thus arranged in-
between the optical element 200 and a circuit board 300
on which a light receiving element 320, such as a sensor
320, or a light emitting element 310, such as an LED 310
or LED module 310, is mounted. The feeder line portion
120 of the antenna foil 100 juts from the optical element
200 further inside the device 10, respectively further
inside the housing 700 of the device 10. Hereby the
antenna foil 100, respectively its feeder line portion
120, may jut through a through hole 420 of the carrier
element 400 (or depending on the size of the circuit board
300, also a through a respective trough hole of the circuit
board 300), to further reach inside the device 10 where
control electronics components 510 for controlling the
antenna are positioned. The connection with these con-
trol electronics components 510 may be realized via a
complementary connector 520 that is complementary
designed to the connector 123 of the antenna foil 100.
In the shownembodiment a control electronics board500
is present inside the device 10, whereas the control
electronics board 500 is a printed circuit board, PCB,
onwhich the control electronics components 510 and the
complementary connector 520 are positioned.
[0032] The control electronics components 510 are
hereby configured to receive the signals, which obtained
by the antenna of the antenna foil 100 and provided via
the connection of connectors 520 and 123, and evaluate
these signals. Based on the message included in the
signals the controller of the control electronics compo-
nents 510 may control the light emission and/or light
receiving element 310, 320, and/or may also send a
respective answer signal via the antenna of the antenna
foil 100. The internal communication between the com-
ponents of the device 10 may hereby be realized via a

respective internal bus interface 900.
[0033] Onside the circuit board 300, which depending
on the implementation of the device 10, may be a light
source board 300 (with the device 10 being a luminaire
11) or a sensor board 300 (with the device 10 being a
sensor 12) or the like, a light emitting or light receiving
element 310, 320 is positioned. The light emitting or light
receiving element 310, 320 hereby equally have a re-
spective effective optical field EOF whereas the respec-
tively present optical element 200may also influence the
effective optical field EOF depending on its light guiding
characteristics. Hereby the optical element 200 is made
of plastic and/or glass for optimal desired light guidance.
Thus, with the influences of the optical element 200 and
the antenna foil 100 the device 10 itself has an effective
optical field EOF, which describes an area of the device
10, which is relevant for the respective light emitting or
light receiving element 310, 320. An exemplary effective
optical field EOF of the respective device 10 is schema-
tically indicated inFigures1and2by theenclosedareaof
the boarder lines and the dashed lines.
[0034] The carrier element 400 is positioned inside I of
the device 10 and is preferably connected to the housing
400of thedevice10.Dependingon the implementationof
the device 10 the device 10 may also comprise a trans-
lucent (or even transparent) cover 600 that closes the
housing in light emission and/or light receiving direction
of the respective light emitting or light receiving element
310, 320. The cover 600 provides a certain ingress
protection, forming the device 10 more durable against
dust, moisture and/or water. The housing 700 together
with the cover 600 boarder the device 10 and distin-
guishes in an inside I of the device 10 and an outside
O of the device 10.
[0035] However, if no cover 600 is present, the optical
element 200 itself may provide at least to some degree
protection to the electronic components of the device 10,
and substitutes the cover 600. The optical element 200 is
also connected to the carrier element 400, whereas as
shown in Figure 1 individual connecting elements 800
may be used for reversible attachment of the optical
element 200. These connecting elements 800 may be
formed by screws, pins, a latch element or the like.
[0036] A user being at an outside O of the device 10
operates a certain device that is equippedwith awireless
communication module. Hereby it is realized that the
wireless communication module of the user device
matches a signal transmission technology supported
by the antenna of the antenna foil 100, such that the user
device and the device 10 are able to communicate with
each other.
[0037] With the arrangement of the antenna foil 100
being placed inside or onside the optical element 200 it is
achieved that only a minimum number of elements is
arranged between the antenna foil 100 and the respec-
tive user device of a user. No interference objects, in
particularmade out ofmetal are arranged in-between the
antenna foil 100 on the inside I of the device 10 and the
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outside O of the device such that a particular favourable
signal transmission is possible. As shown in Figure 1 no
metal elements is arranged in-between, whereas the
influence of the material of the housing of the device
10 is reduced to a minimum, and indeed can be disre-
garded, due to the specific arrangement and layout of the
antenna foil 100.
[0038] The effective optical field EOF of a device 10 is
usually not only the area being illuminated (luminaire 11)
or observed (sensor 12), but also the area where a user
device is located for communication with the device 10
via its antenna. In particular, in the presented embodi-
ment, with the arrangement of the antenna foil 100 it is
achieved that the antenna portion 110 of the antenna foil
100 is positioned inside the device 10 such that only
components of the device10madeof plastic and/or glass
are arranged within the effective optical field EOF be-
tween the outside O of the device 10 and the antenna
portion 110. This vastly reduces interferences and there-
fore boosts signal transmission quality and therefore also
increases efficiency of the device 10.
[0039] In an alternative towhat is shown in Figure 1 it is
also conceivable that the control electronics board 500 is
mounted on a backside of the carrier element 400 - such
that the control electronics board 500 is mounted on the
opposite side of the carrier element 400with regard to the
light source board 300, or the respectively the sensor
board 300. Moreover, it is also thinkable, that the circuit
board 300 is mounted on a spacing 410 allowing the
electronics components 510 and the complementary
connector 520 being positioned on a backside of the
circuit board 300 that is opposite to the side of the circuit
board 300 having the light emitting or light receiving
element 310, 320. With this implementation only one
circuit board is necessary and the available space is
utmost efficiently used.
[0040] As further shown thecircuit boards300, 500can
also be connected to an external power and/or commu-
nication line 1000 via a respective interface 900 that
comprises respective ports on each thereto connected
circuit board 300, 500. Hereby the control electronics
board500and/or the light source board 300 (respectively
the sensor board 300) are fed with electrical energy
and/or with commands regarding their operation.
Further, the electrical components may also communi-
cate received and/or gathered data with external compo-
nents via the interface 900 and the respective line 1000.
[0041] Figure 2 shows a specific implementation of the
device 10 being a luminaire 11, with light emitting ele-
ments 310 being LEDs 310. Hereby the cover 600 is
coupled via snap-fit with the housing 700 forming a dur-
able enclosure against ingress of dust,moisture orwater.
Hereby a respective coupling 650 between the housing
700and thecover 600 is realizedbybothcomponents.As
indicated the coupling 650 may also comprise a gasket.
[0042] On the inside I of the shown device 10 (respec-
tively the luminaire 11) the carrier element 400 is ar-
ranged, whereas the optical element 200 is coupled

thereto as well as the control electronics board 500.
Between the optical element 200 and the carrier element
400 a containment is present, in which the circuit board
300 is arranged. On the side of the optical element 200
facing the circuit board 300 the antenna foil 100 is
mounted. Hereby the circuit board 300 - which in the
shown embodiment is a light source board 300 - is
attached to the carrier element 400 via spacing elements
410, such that the circuit board 300 is arranged on the
inside of the containment on a level of the optical element
200 that is equippedwith the antenna foil 100. Thus in the
presented embodiment the circuit board 300 is sphered
by the antenna foil 100. This results in a homogenous
light emission (respectively a uniform light receival) of the
device 10, as the antenna foil 100 is attached to the
optical element 200 in the respective section over the
relevant height.
[0043] As shown in Figure 2 the feeder line portion 120
is arranged outside the effective optical field EOF such
that the feeder line portion 120does not necessarily have
the same light effecting characteristic as the antenna
portion 110. However, in scenarios, where the feeder line
portion120 indeed is arranged in theeffectiveoptical field
EOF - see, e.g., Figure 1 - a respectively adapted con-
figuration is preferred.
[0044] In the shown embodiment the optical element
200 is a diffusor. Hereby different scenarios are concei-
vable, whereas it is possible that the antenna foil 100 is
configured transparent, and in the alternative that the
antenna foil 100 itself comprises light diffusing character-
istics, and thus supports light diffusion of the optical
element 200. If however a clean transparent optical ele-
ment 200 isdesired, theantenna foil 100 isultimately also
configured transparent.
[0045] The diffusor (i.e., the optical element 200) is
hereby arranged subsequent to the light source board
300 in the light emitting direction of the light sources 310.
[0046] Moreover, in Figure 2 the circuit board 300, 500
of the luminaire 11 to which the antenna foil 100 is
connected to is the control electronics board 500 that
is arranged separately from the light source board 300
inside the luminaire 11. However, it is also conceivable in
an alternative setup that the light source board 300 of the
luminaire 11 also comprises control electronics compo-
nents 510 for controlling an antenna, the control electro-
nics components 510 also comprising the complemen-
tary connector 520 to which the antenna foil 100 is
coupled via its connector 123. In this scenario the control
electronics components 510 are positioned on a side of
the light source board 300 that is opposite to the side on
which the light sources 310 are mounted.
[0047] As shown in Figure 2, the cover 600 may also
comprise light emission influencing elements 610 that
interact with light outgoing from assembly of the light
emitting element 310 and optical element 200 (or incom-
ing light coming from outside O towards the assembly of
optical element 200 and light receiving element 320). Via
this cover the respective light canbeadjustedwith regard
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to a specific installation situation. It is further conceivable
that the light modification characteristics of the light op-
tical element 200, the antenna foil 100 and/or the light
emission influencing elements 610 are geared to each
other.
[0048] Figures 3 and 4 show the same exemplary
embodiment of an antenna foil 100, whereas Figure 3
shows a schematic top view, and Figure 4 shows a
schematic cross section through the axis A illustrated
inFigure 3.Each illustration showsa translucent antenna
foil 100 comprising an antenna, wherein the antenna foil
100 is mountable on or in the respective optical element
200 of the device 10. The antenna foil 100 can be divided
into two sections: an antenna portion 110 and a feeder
line portion 120. In the antenna portion 110 an antenna
conductor 111 of the antenna for emitting and receiving
signals is positioned, and the feeder line portion 120
includes a connector 123 having respective contacts
124 for coupling the antenna (i.e., the antenna foil 100)
toacomplementary connector 520onacircuit board300,
500 of the device 10. The connecting portion 122 hereby
connects the antenna conductor 111 and the connector
123 of the antenna foil 100. Both the antenna portion 110
and the feeder line portion 120 are substantially translu-
cent.
[0049] The combined view of the Figures 3 and 4
shows that the displayed antenna foil 100 comprises
three layers L1, L2 and L3, with an electrically conductive
middle layer L2 and two laminated foil layers L1, L3
sandwiching the middle layer L2. Hereby the electrically
conductive middle layer L2 comprises the antenna con-
ductor 111. In the displayed exemplary embodiment both
the antenna portion 110 and the feeder line portion 120
are substantially equally constructed, such that in each
section the conductive middle layer L2 is arranged be-
tween the two foil layers L1, L3. Furthermore, a non-
conductive filler material 112, for example an insulator, is
provided in the middle layer L2 between adjacent seg-
ments of the antenna conductor 111, such that optimal
signal transmission and receival is achieved. This non-
conductive filler material 112 is also present in edge
regions of the middle layer L2 of the antenna foil 100,
such that the edge regions of the antenna foil 100 (be-
sides the edge region with the contacts 124 of the con-
nector 123 being present) are formed by the laminated
foil layers L1, L3 and the conductive filler material 112 in-
between. With this setup the antenna foil 100 is built
utmost resistant and durable with regard to dust, moist-
ure and water.
[0050] Further illustrated in Figure 4 the antenna con-
ductor 111 may be present in different height regions of
the conductive middle layer L2, to achieve a preferred
flexibility with regard to a respective mesh formed by the
antenna conductor 111. Hereby the non-conductive filler
material 112 may cover the antenna conductor 111
throughout the whole middle layer L2. Alternatively to
what is shown in Figure 4 it is also conceivable that the
non-conductive filler material 112 is (at least partly) in-

tegrally formed by thematerial of the two sandwiching foil
layers L1, L3. However, if a differentmaterial is preferred,
e.g., to achieve a certain flexibility or light transmission
characteristic of the antenna foil 100, different materials
(as indicated in Figure 4) are ideally used.
[0051] It is also conceivable that the boundaries of the
different layers L1, L2, L3 are not as strict as schemati-
cally illustrated in Figure 4, such that, e.g., the thickness
of the foil layers L1, L3 may differ section wise, and
hereby may be adapted to the respective thickness of
the middle layer L2, or to the respective thickness of the
antenna conductor 111 in the respective sections of the
middle layer L2.
[0052] Also shown in Figure 4 on the right hand side is
that in one end region of the feeder line portion 120 only
one of the two laminated foil layers L1, L3 is present (in
the displayed example, only the bottom layer L3 is pre-
sent), and thus in this end region the conductive middle
layer L2 is uncovered forming the contacts 124 of the
connector 123 of the feeder line portion 120. With this
realization the connector of the antenna foil 100 is formed
utmost easy and at low cost, yet enabling good signal
transmission due to the uncovered antenna segments of
the conductive middle layer L2. In the section of the
uncovered middle layer L2 a reinforcing layer 126 is
provided on top of the only foil layer L3 that reinforces
stability of the feeder line portion 120 in the area of the
connector 123. This further increases durability of the
antenna foil 100 and further eases connecting the anten-
na foil 100 to the respective complementary connector
520 of the control electronics components 510 on the
respective circuit board 300, 500. Also shown in Figure 4
is the configuration of the contacts 124 being provided
with a metal print 125 that further enhances signal trans-
mission due to better electrical properties or better corro-
sion characteristicsdependingon the respectivematerial
used. Hereby it is possible that in the section of the
uncovered middle layer L2 the uncovered segments of
the antenna conductor 111 are providedwith a silver print
and/or a gold print and/or a copper print, and/or a plasma
metallization.
[0053] The complementary connector 520 is prefer-
ably a zero insertion force, ZIF, connector, whereas this
implementation further facilitates assembly of the device
10, and further minimizes possible damages to the an-
tenna foil 100.
[0054] Due to its high cost/usage efficiency the anten-
na conductor 111 preferably is made out of silver. How-
ever, copper or gold are also conceivable to be used as a
material of the antenna conductor 111. With this config-
uration, an easy shaping of the antenna is also possible,
and the respective antenna shape can be adapted to
individual needs during production. Hereby the antenna
conductor 111 formsawiremesh,which is formed, e.g., in
a flat coil shape (as indicated in Figure 3). The form of the
wire mesh hereby is adapted for transmitting and/or
receiving respectively desired signals, such as NFC sig-
nals or other RFID signals, Sub-GHz frequency band
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signals, 2.4 GHz frequency band signals, 5 GHz fre-
quency band signals, other frequency bands signals,
Zig-Bee signals, and/or 5G signals, or the like.
[0055] The shown antenna foil 100 is further made
flexible and reversibly bendable, such that a repetitive
adaption to the formof a respectiveoptical element 200 is
possible without risking failure of the antenna.
[0056] In theshownembodiment theantenna foil 100 is
substantially transparent, whereas it is also conceivable
that the antenna foil 100 - or at least the antenna portion
110 - has a light diffusing characteristic. If the antenna foil
100 is desired to be transparent a degree of transparency
of at least 90% is preferred.
[0057] If the antenna foil 100 itself (or parts thereof)
shall have a light-diffusing effect (e.g., by being opaque)
this can be achieved e.g., by respective formed foil layers
L1, L3. Alternatively or additionally such a light diffusing
effect of the antenna foil 100 can be further achieved by a
respective configuration of the middle layer L2, and in
particular of the antenna conductor 111. Hereby seg-
ments of the antenna conductor 111 can be arranged
such that the respective segmentsact asa light diffusor of
trespassing light, such that theantenna foil 100hasa light
diffusing effect. As previously described this can be
combined in synergy with a respective configuration of
the optical element 200.
[0058] If the antenna foil 100 is not inserted inside the
optical element 200 and hold therein by respective fas-
tening means, holding elements and/or guide elements
that may be integrally formed by the optical element 200
itself, it is preferred that the antenna foil 100 has, at least
in the antenna portion 110, an adhesive layer which is
arranged on one of the foil layers L1, L3, wherein this
adhesive layer may be integrally formed by the respec-
tive foil layer L1, L3. Via this adhesive layer coupling to
the optical element 200 is easily performed, facilitating
setup of the device 10.
[0059] It is also possible, that at least one of the lami-
nated foil layers L1, L3 in the feeder line portion 120
differs from the respective laminated foil layers L1, L3 of
the antenna portion 110, to the extent that the feeder line
portion 120 is more stiff. With this implementation the
durability of the feeder line portion 120 is increased,
which might be necessary due to the slim and narrow
setup of this section.
[0060] Alternatively to the embodiment shown in Fig-
ure 2 the device 10may also be a sensor 12, whereas the
sensor 12 has a sensor board 300 with at least one
sensor element 320. The optical element 200 hereby
formsa light entry surface of the sensor 12, and transmits
light towards the sensor element 320. The such config-
ured sensor allows for communication via the monitoring
foil 100 and further does not negatively influence the
crucial light guidance of the optical element 200. Pre-
ferably, the sensor 12 is a passive infrared, PIR, motion
detector, an infrared, IR, sensor, and/or a light sensor.
[0061] Furthermore, it is possible that a device 10
comprises a sensor element 320 and a light source

element310 in combination,whereas it is further possible
that the optical element 200 is shared between the two
elements 310, 320.
[0062] Thus, devices with little space are possibly with
an antenna foil 100 according to the invention, as the foil
requires almost no space being aligned flush on or in the
respective optical element 200 of the device 10. With its
respective individual light characteristics (translucent,
transparent, diffusing, or the like) the antenna foil 100
further adapts ideally to the respective requirements of
the device 10.
[0063] Furthermore, another implementation of a lumi-
naire 11 is conceivable (not shown) where the optical
element 200 is a light guide plate for emitting light in a
direction perpendicular to the light insertion direction,
whereas light insertion into the light guideplate is realized
by light emitting elements 310being laterally arrangedon
front faces of the plate-shaped light guide. Hereby the
antenna foil 100 is arrangedonasurfaceof the light guide
plate opposite to the light emission surface of the light
guide plate. Via this implementation, wireless commu-
nication of the luminaire 11 is improved by usage of the
antenna foil 100, while the antenna foil 100 is firstly not
noticeable for a user and also does not influence light
emission of the luminaire 11 at all, or at least not in a
negative manner.
[0064] Also not shown in the figures but nevertheless
conceivable is an implementation of the antenna foil 100
and theoptical element 200,where theantenna foil 100 is
(preferably reversibly) insertable inside the optical ele-
ment 200, whereas due to its foil characteristics the
antenna foil 100 adapts to the respective shape of the
optical element 200. Hereby the optical element 200may
comprise respective rail elements on the inside which
guide and preferably also hold the antenna foil 100 in
place. This allows for situational adaption of the antenna
foil 100 with regard to the respectively needed signal
transmission type.
[0065] The communication line realized via the anten-
na foil 100 may be used for integration of the respective
device 10 inside an existing system, for initial setup of the
device 10, maintenance, and/or other checkups.
[0066] With the antenna foil 100according to anyof the
herein described embodiments, respectively the kit as-
sembly of the antenna foil 100 and the optical element
200, respectively the device 10 comprising the kit, an
utmost easy and interference-free communication be-
tween amobile device used by a user and the respective
device 10 is achieved.

Claims

1. A translucent antenna foil (100) comprising an an-
tenna, for use in a device (10) having an optical
element (200),

wherein the antenna foil (100) is mountable on
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or in the optical element (200) of the device (10),
wherein the antenna foil (100) has an antenna
portion (110) and a feeder line portion (120),
wherein in the antenna portion (110) an antenna
conductor (111) of the antenna for emitting and
receiving signals is positioned, and
wherein the feeder line portion (120) includes a
connector (123) having respective contacts
(124) for coupling the antenna to a complemen-
tary connector (520) on a circuit board (300,
500) of the device (10), and a connecting portion
(122) connecting the antenna conductor (111)
and the connector (123),
wherein both the antenna portion (110) and the
feeder line portion (120) are substantially trans-
lucent.

2. Antenna foil according to claim 1,

wherein the antenna foil (100) comprises an
electrically conductive middle layer (L2) and
two laminated foil layers (L1, L3) sandwiching
the middle layer (L2);
wherein the electrically conductive middle layer
(L2) comprises the antenna conductor (111);
wherein preferably both the antenna portion
(110) and the feeder line portion (120) are
equally constructed with;
wherein preferably a non-conductive filler ma-
terial (112), for example an insulator, is provided
in the middle layer (L2) between adjacent seg-
ments of the antenna conductor (111) and
further preferred in edge regions of the antenna
foil (100).

3. Antenna foil according to claim 2,

wherein in an end region of the feeder line por-
tion (120) only one of the two laminated foil
layers (L1, L3) is present, and thus in this end
region the conductive middle layer (L2) is un-
covered forming the contacts (124) of the con-
nector (123) of the feeder line portion (120);
wherein preferably in the section of the uncov-
eredmiddle layer (L2) a reinforcing layer (126) is
provided on top of the only foil layer (L1, L3);
wherein preferably in the section of the uncov-
ered middle layer (L2) the uncovered segments
of the antenna conductor (111) are providedwith
a metal print (125), preferably with a silver print
and/or a gold print, forming the contacts (124) of
the connector (123) of the feeder line portion
(120).

4. Antenna foil according to any of the preceding
claims,
wherein theantennaconductor (111) comprises cop-
per and/or silver and/or gold; and/or wherein the

antenna foil (100) is made flexible and reversibly
bendable.

5. Antenna foil according to any of the preceding
claims,

wherein the antenna foil (100) is substantially
transparent and preferably has a degree of
transparency of at least 90%; and/or
wherein the antenna foil (100) itself has a light-
diffusing effect, and preferably is opaque,
wherein further preferably the antenna conduc-
tor (111) is such arrangedwithin themiddle layer
(L2) that it contributes to the diffusion effect.

6. Antenna foil according to any of the preceding
claims,

wherein the antenna foil (100) has, at least in the
antenna portion (110), an adhesive layer which
is arranged on one of the foil layers (L1, L3);
wherein preferably the adhesive layer is inte-
grally formed by one of the foil layers (L1, L3).

7. Antenna foil according to any of the preceding
claims,

wherein the antenna conductor (111) forms a
wire mesh, which is formed, e.g., in a flat coil
shape;
wherein further preferably the wire mesh is de-
signed for transmitting and/or receiving NFC
signals, other RFID signals, Sub-GHz signals,
2.4 GHz frequency band signals, 5 GHz fre-
quency band signals, Zig-Bee signals, and/or
5G signals or other frequency signals.

8. A device (10) comprising an optical element (200), a
circuit board (300, 500) and a housing (600, 700),
wherein the optical element (200) and the circuit
board (300, 500) are arranged on an inside (I) of
the device (10), and the device (10) further com-
prises a light emitting element (310), such as a LED
(310), or a light receiving element (320), such as a
sensor element (320),

wherein the device (10) further comprises an
antenna foil (100) according to any of the pre-
ceding claims 1 to 7;
wherein the optical element (200) is made of
plastic and/or glass;
wherein the antenna foil (100) is mounted on
and/or in the optical element (200); and
wherein the antenna foil (100) is coupled via its
connector (123) to the circuit board (300, 500).

9. Device according to claim 8,
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wherein the optical element (200) together with
the light emitting or light receiving element (310,
320) forms an effective optical field (EOF) of the
device (10),
wherein at the antenna portion (110) of the an-
tenna foil (100) is arranged in the device (10)
such that only components of the device (10)
made of plastic and/or glass are arrangedwithin
the effective optical field (EOF) between an out-
side (O) of the device (10) and the antenna
portion (110).

10. Device according to claim 8 or 9,

wherein the antenna portion (110) of the anten-
na foil (100) is arranged on a side of the optical
element (200) facing the light emitting or light
receiving element (310, 320); or
wherein the antenna portion (110) of the anten-
na foil (100) is disposed inside the optical ele-
ment (200) itself.

11. Device according to any of the preceding claims 8 to
10,

wherein the antenna foil (100) is coupled to the
optical element (200) by means of an adhesive
element, for example by means of an adhesive
layer arranged on an outer surface layer of one
laminated foil layer (L1, L3) of the antenna foil
(100);
or wherein the antenna foil (100) is coupled to
the optical element (200) by means of holding
elements and/or guide elements, which are pre-
ferably formed by the optical element (200) it-
self.

12. Device according to any of the preceding claims 8 to
11,

wherein thecircuit board (300, 500)of thedevice
(10) comprises control electronics components
(510) for controlling an antenna, the control
electronics components (510) also comprising
thecomplementary connector (520) towhich the
antenna foil (100) is coupled via its connector
(123);
whereinpreferably thecircuit board (300, 500)of
the device (10) is a control electronics board
(500) for controlling an antenna;
wherein preferably the complementary connec-
tor (520) is a zero insertion force, ZIF, connector.

13. Device according to any of the preceding claims 8 to
12,

wherein the device (10) is a luminaire (11);
and the luminaire (11) has a light source board

(300) having a plurality of light sources (310),
e.g., LEDs (310), and wherein the optical ele-
ment (200) transmits light beingemitted from the
light sources (310);
wherein preferably the light guide is a diffuser
arranged subsequent to the light source board
(300) in the light emitting direction of the light
sources (310).

14. Device according to claim 13 in combination with
claim 12,

wherein the circuit board (300, 500) of the lumi-
naire (11) is the control electronics board (500)
that is arranged separately from the light source
board (300) inside the luminaire (11); or
wherein the light source board (300) of the lu-
minaire (11) also comprises control electronics
components (510) for controlling an antenna,
the control electronics components (510) also
comprising the complementary connector (520)
to which the antenna foil (100) is coupled via its
connector (123), whereas the control electro-
nics components (510) are positioned on a side
of the light source board (300) that is opposite to
the side on which the light sources (310) are
mounted.

15. Device according to any of the preceding claims 8 to
12,

wherein the device (10) is a sensor (12),
and the sensor (12) has a sensor board (300)
having at least one sensor element (320),
wherein the optical element (200) forms a light
entry surface of the sensor (12), and transmits
light towards the sensor element (320);
whereas preferably the sensor (12) is a passive
infrared, PIR, motion detector, an infrared, IR,
sensor, and/or a light sensor.
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