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(54) A LIGHTING MODULE

(57) The invention relates to a lighting module (100),
comprising: a housing (101);a radio module (103) inside
the housing (101), wherein the radio module (103) com-
prises a first antenna (104) extending along a first direc-
tion (di); and a slot antenna (102) inside the housing (101)

extending along a second direction (d2), wherein the slot
antenna (102) is electromagnetically coupled to the first
antenna (104), and wherein an angle (a) between the
first direction (di) and the second direction (d2) is adjust-
able.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a lighting module com-
prising a radio module.

BACKGROUND OF THE INVENTION

[0002] Many lighting modules or luminaires comprise
radio modules and LED drivers whose mounting posi-
tions are fixed after the production of the lighting module
or luminaire. However, this often means that a radiation
performance of the radio module is fixed and cannot be
optimized in the actual application of the lighting module
or luminaire.
[0003] For instance, in metal luminaires, it is known to
position a radio module in a metal housing which com-
prises an opening such that a signal of the radio module
can exit from the housing. It is further known to use slot
antennas in the housing to facilitate the signal to exit the
housing. The slot antennas are excited by the radio mod-
ule and act as an antenna to the outside.
[0004] However, these slot antennas are arranged rig-
idly in the housing and, due to different arrangements of
antennas of different types, there may be fluctuations in
how well the radio signal primarily generated by the radio
module can be decoupled. The relative orientation of the
radio module to the slit is a crucial parameter which can-
not be changed to optimize performance in most known
luminaires.
[0005] Thus, it is an objective to provide for an im-
proved lighting module which avoids the above disad-
vantages. In particular, it is an objective to optimize the
radiation performance of a radio module in a lighting mod-
ule.

SUMMARY OF THE INVENTION

[0006] The object of the present invention is achieved
by the solution provided in the enclosed independent
claims. Advantageous implementations of the present in-
vention are further defined in the dependent claims.
[0007] According to a first aspect of the invention, a
lighting module is provided. The lighting module compris-
es a housing, a radio module inside the housing, wherein
the radio module comprises a first antenna extending
along a first direction and a slot antenna inside the hous-
ing extending along a second direction, wherein the slot
antenna is electromagnetically coupled to the first anten-
na, and wherein an angle between the first direction and
the second direction is adjustable.
[0008] The angle can be adjusted by changing the ori-
entation of the slot antenna relative to the radio module.
[0009] This provides the advantage that the perform-
ance of the radiation emitted by the radio module can be
optimized with respect to the outside according to the
specific application by changing the relative orientation

of the first antenna with respect to the slot antenna.
[0010] In a preferred embodiment, the first antenna is
in a fixed position with respect to the housing, and the
housing further comprises a rotational element and the
slot antenna is arranged on the rotational element.
[0011] This provides the advantage that the position
of the slot antenna relative to the first antenna or radio
module can easily be changed or adjusted even in case
that the relative position of the entire module to the hous-
ing cannot be changed. This is particularly advantageous
for cases where a fixing structure of the housing and the
radio module allow only one specific position.
[0012] In a preferred embodiment, the rotational ele-
ment is a disk. Such a disk that is arranged in a wall of
the housing can easily be rotated so that any relative
orientation between the first and 10 and the second an-
tenna can be achieved.
[0013] In a preferred embodiment, the first antenna is
configured to be rotated with respect to the slot antenna
arranged fixedly in the housing.
[0014] This provides the advantage that the position
of the first antenna relative to the slot antenna can easily
be adjusted e.g. by changing the orientation of the first
antenna with respect to the housing and keeping the slot
antenna in a fixed position with respect to the housing.
This is specifically advantageous because the structure
of the housing become simpler because movable com-
ponents can be avoided. The number of parts regarding
the housing is reduced and thus manufacturing costs
may also be reduced. In this case, the radio module is
configured to allow a rotation of the first antenna with
respect to the orientation of the second antenna. This
can be achieved by positioning the entire module such
that the desired orientation between the first antenna and
the second antenna is achieved and then affixing the
radio module to the housing in this position.
[0015] In a preferred embodiment, the housing further
comprises one or more positioning elements cooperating
with one or more corresponding elements of the radio
module such that the radio module can be positioned in
a plurality of orientations relative to the slot antenna.
[0016] This provides the advantage that the position
of the radio module relative to the slot antenna can easily
be changed and, therefore, the performance of the radi-
ation emitted by the radio module relative to the outside
world can be optimized according to the application case.
Using such a predefined position additionally has the ad-
vantage that an unintended change of the relative orien-
tation between the first and 10 and the second antenna
can be avoided.
[0017] In a preferred embodiment, the housing is a
metal housing. Having a metal housing has the advan-
tage that the characteristics of the emitted radiation are
precisely defined by the second antenna in cooperation
with the first antenna. The metal housing functions as a
shield for undesired emission of radio signals by the first
and 10 are.

1 2 



EP 4 266 498 A1

3

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The invention will be explained in the followings
together with the figures.

Fig. 1 shows an embodiment of a lighting module;

Fig. 2 shows an embodiment of a lighting module;

Fig. 3 shows an embodiment of a lighting module;

Fig. 4 shows an embodiment of a lighting module; and

Fig. 5 shows an embodiment of a lighting module;

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0019] For describing the present invention in greater
detail, the expression ’LED luminaire’ shall mean a lumi-
naire with a light source comprising one or more LEDs
or OLEDs. LEDs are well-known in the art, and therefore,
will only briefly be discussed to provide a complete de-
scription of the invention.
[0020] Now referring to Fig. 1, a lighting module 100
according to the invention is shown according to an em-
bodiment.
[0021] The lighting module 100 comprises a metal
housing 101, a radio module 103 inside the housing 101,
wherein the radio module 103 comprises a first antenna
104 extending along a first direction di. Moreover, the
housing 101 comprises a slot antenna 102 defined by a
recess in one of the walls of the housing 101, extending
along a second direction d2, wherein the slot antenna
102 is electromagnetically coupled to the first antenna
104, and wherein an angle α is defined the first direction
di and the second direction d2. The lighting module 100
is configured such that this angle can be adjusted by
changing the directions d1 and d2 relative to each other.
[0022] This provides the advantage that the slot anten-
na 102 or its position or at least its orientation d2 relative
to the first antenna 104 of the radio module 103 is ad-
justable to ensure an optimized emission of radio signals
without the need of providing an antenna projecting from
the outer surface of the metal housing..
[0023] The lighting module 100 can be a luminaire, in
particular an LED luminaire. The lighting module 100 can
comprise a plurality of LEDs and an LED driver for pro-
viding electrical energy to the LEDs. The LED driver can
be arranged in the housing 101. It is to be noted that the
radio module 103 may be integrated in the LED driver.
[0024] The slot antenna 102 can be a dipole antenna,
in particular a lambda/2 dipole antenna.
[0025] The radio module 103, schematically represent-
ed by an ellipse in the figures, can be an RF module
which is configured to transmit and/or receive RF (radio
frequency) signals. For example, the RF signals can be
control signals or status signals.

[0026] As indicated above, the housing 101 can be a
metal housing, which prevents radio emission of the first
antenna 104 to be radiated at other positions and towards
other directions apart from the second antenna 102.
Thus, the overall emission characteristics can be de-
signed by adjusting the size of the second antenna 102
together with the orientation of the first antenna 104 and
the second antenna 102 relative to each other.
[0027] It is to be noted that in the top view of the sidewall
of the housing 101 in the figures, the radio module 103
and the second antenna 102 are shown to be arranged
in a non-overlapping manner only in order to facilitate the
understanding of the drawing. However, the position of
the radio module 103 is usually chosen such that the first
antenna 104 and the second antenna 100 and to overlap
at least partially.
[0028] Fig. 2 shows an embodiment of the lighting
module 100.
[0029] In this embodiment, a rotational element 201 is
provided in the housing 101, in which element the actual
slot antenna 102 is arranged. Usually, the element, in
which the rotational element 201 is provided, is a sidewall
of the metallic housing 101. By rotating the rotational el-
ement 201, the orientation di of the slot antenna 102 (sec-
ond antenna) is adjusted relative to the housing 101 and,
ultimately, to the radio module 103 fixedly arranged in
the housing 101 by means of the fixing elements 103a
and 103b. In this embodiment, the position and the ori-
entation of the first and Turner 104 relative to the entire
radio module 103 are fixed. Thus, the relative orientation
between the first direction and the second direction is
adjusted by rotating the rotation element 201. In the ad-
vantageous embodiment shown in figure 2, the rotational
element 201 has a disc shape with a circular circumfer-
ence. However, different shapes of the circumference
may be thought of as long as they allow different rota-
tional positions. This could for example be achieved by
using a regular hexagon. Of course, the recess in the
sidewall of the housing 101 must have a corresponding
shape so that the rotational element 201 can be inserted
at different rotational positions.
[0030] Preferably and as shown in the drawing, the ro-
tational element 201 is a disk rotatably mounted in the
sidewall of the housing. Such a disc can be formed with
an outer edge that secures the disk-shaped rotational
element 201 to an annular recess in the sidewall of the
housing 101 such that the rotation element 201 may be
rotated but is permanently arranged in the recess. Con-
trary, in case of for example the regular hexagon men-
tioned above, the rotational element 201 must be de-
tached, rotated and attached again in order to change its
orientation.
[0031] The slot antenna 102 is arranged in the disk. In
order to ensure that the orientation of the rotational ele-
ment 201 is not changed unintentionally, it is preferred
that friction between the rotational element 201 and the
sidewall in which the rotational element 201 is arranged
large enough so that a change of the orientation of the
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rotational element 201 can only be achieved by using a
tool such as a screwdriver.
[0032] Fig. 3 shows a further embodiment of the light-
ing module 100.
[0033] In this embodiment, the slot antenna 102 in the
housing 101 cannot be adjusted with respect to its ori-
entation. The slot antenna 102 is established by a recess
that is arranged in a sidewall of the housing 101. In order
to be able to set the relative orientation of the two ele-
ments (slot antenna 102 and first antenna 104 of the radio
module 103), the radio module 103 or at least its antenna
104 can variably be mounted in the housing 104. For this
purpose, several positioning elements 301 (e.g. position-
ing holes or pins) are arranged in the area of the slot
antenna 102, so that the first antenna 104 of the radio
module 103 can be rotated in this area by positioning the
entire radio module 103 such that the desired orientation
of the first direction and the second direction relative to
each other is achieved. On the radio module 103 there
are provided corresponding elements that interact with
the positioning elements 301. For example, in case that
positioning holes are formed in the sidewall of the housing
101 as positioning elements 301, the radio module 103
is provided with projections that can protrude into the
holes of the housing 101. By rotating the entire radio mod-
ule 103 and then inserting its projections into the respec-
tive positioning holes, the desired orientation of the radio
module 103 relative to the slot antenna 102 can be set.
Having achieved this desired relative orientation, the ra-
dio module 103 is then fixed to the housing 101, prefer-
ably using conventional fixing technology like, for exam-
ple, screws clamping a flames of the radio module 103
to the housing 101. Alternatively, in case that the posi-
tioning elements 301 are realized as pins that project
from an inner side of the sidewall of the housing 101, the
radio module 103 provides recesses into which the po-
sitioning elements 301 of the housing 101 can be insert-
ed.
[0034] Further, it is also possible that the radio unit 103
provides projections that can interact with the spaces be-
tween such projections as positioning elements 301 in
order to avoid undesired rotation of the radio module 103.
Again, once the desired orientation of the first antenna
104 and the second antenna 102 is adjusted, the radio
module 103 is fixed to the housing 101 such that the radio
module 103 is securely attached to the side wall of the
housing 101 by means of screws, for example. It must
be ensured that the overall design of the luminaire or
rather the lighting module 100 allows the radio module
103 to be rotated in order to freely adjust the orientation
of the first antenna 104 and the second antenna 102 rel-
ative to each other. Thus, there should be enough space
in the housing 101 of the lighting module 101 in order to
rotate the radio module 103.
[0035] In particular, in the embodiment shown in Fig.
3, the positioning elements 301 are arranged along a
circle around a portion of the slit antenna 102. This allows
to arrange the radio module 103 at different angles rel-

ative to the slot antenna 102 by means of the fixing ele-
ment indicated as 103c in the drawing and representing
the corresponding structure of the radio module 103 in-
teracting with the positioning elements 301.
[0036] A different solution is shown in the embodiment
illustrated in figure 4. Instead of arranging the positional
elements 301 along a circle around a portion of the slot
antenna 102, the positioning elements 301 are arranged
along a straight line crossing the direction of the slot an-
tenna 102, which means that the straight line and the
direction of the slot antenna 100 into include an angle
different from 0°. The radio module 103 may then be piv-
oted around a pivot bearing that may simultaneously
serve as a fixing structure. For example, the pivot bearing
may be realized by a through-hole provided in a mounting
flange of the radio module 103 through which a bolt is
inserted clamping the radio module 103 to the housing
101 once the desired orientation of the antennas relative
to each other is achieved. The interaction of the position-
ing elements 301 and the corresponding elements on the
radio module 103 then inhibit an undesired change of the
relative orientation. The angle between the first antenna
and second antenna is adjusted by the fixing element
103c establishing a connection between the radio mod-
ule 103 and one of the respective positioning elements
301.
[0037] An advantage of the structure shown in figure
4 is that the positioning elements 103 can be provided
along a straight line which maybe beneficial to the desired
manufacturing technique. Further, contrary to the circular
arrangement of the positioning elements 301, only a re-
duced number of positioning elements 301 needs to be
provided. However, the downside of this arrangement is
that there is a limitation in the angles that may be
achieved between the orientations of the two antennas.
[0038] In this embodiment, the slot antenna 102 is
again in a fixed position with respect to the housing 101.
The angle α between the first direction di and the second
direction d2 can be adjusted by changing the position of
the radio module 103 relative to the slot antenna 102.
The radio module 103 can be mounted through the fixing
element 103c such as a stay on these positioning ele-
ments 301 such that the relative positon of the radio mod-
ule 103 with respect to the slot antenna 102 can be ad-
justed according to the case.
[0039] Fig. 5 shows a further embodiment of a lighting
module 100. In this embodiment, the slot antenna 102 is
in a fixed position with respect to the housing 101. The
angle α between the first direction d1 and the second
direction d2 can be adjusted by changing the position of
the radio module 103 relative to the slot antenna 102.
[0040] The position of the radio module 103 can be
changed by moving the radio module 103 on the rails
103d and 103e, wherein the rails 103d and 103e are ar-
ranged in a fixed position with respect to the housing 101
or with respect to the radio module 103 and are designed
to interact with corresponding guide rails on the respec-
tively other side. Again, once the orientation of the two
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antennas relative to each other is adjusted, a commonly
known fixing structure can be used to secure the first and
10 are 104 and respectively the radio module 103 in this
orientation to the sidewall of the housing 101.
[0041] All features of all embodiments described,
shown and/or claimed herein can be combined with each
other.
[0042] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example
only and not limitation. Numerous changes to the dis-
closed embodiments can be made in accordance with
the disclosure herein without departing from the spirit of
scope of the invention. Thus, the breadth and scope of
the present invention should not be limited by any of the
above-described embodiments. Rather, the scope of the
invention should be defined in accordance with the fol-
lowing claims and their equivalence.
[0043] Although the invention has been illustrated and
described with respect to one or more implementations,
equivalent alternations and modifications will occur to
those skilled in the art upon the reading of the under-
standing of the specification and the annexed drawings.
In addition, while a particular feature of the invention may
have been disclosed with respect to only of the several
implementations, such features may be combined with
one or more other features of the other implementations
as may be desired and advantage for any given or par-
ticular application.

Claims

1. A lighting module (100), comprising:

- a housing (101);
- a radio module (103) inside the housing (101),
wherein the radio module (103) comprises a first
antenna (104) extending along a first direction
(d1); and
- a slot antenna (102) inside the housing (101)
extending along a second direction (d2),
- wherein the slot antenna (102) is electromag-
netically coupled to the first antenna (104), and
- wherein an angle (α) between the first direction
(d1) and the second direction (d2) is adjustable.

2. The lighting module (100) of claim 1, wherein the
first antenna (104) is in a fixed position with respect
to the housing (101), and the housing (101) further
comprises a rotational element (201) and the slot
antenna (102) is arranged on the rotational element
(201).

3. The lighting module (100) of claim 2, wherein the
rotational element (201) is a disk.

4. The lighting module (100) of claim 1, wherein the

radio module (103) is configured to allow first anten-
na (104) to be rotated with respect to the slot antenna
(102) arranged fixedly in the housing (101).

5. The lighting module (100) of claim 4, wherein the
housing (101) further comprises one or more posi-
tioning elements (301) cooperating with one or more
corresponding elements (103c) of the radio module
(103) such that the radio module (103) can be posi-
tioned in a plurality of orientations relative to the slot
antenna (102).

6. The lighting module (100) of any one of the preceding
claims, wherein the housing (101) is a metal housing.
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