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(57)  Anantenna (4)for a motor vehicle (1) comprises

a waveguide component (5) with a target region (8) for
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waveguide component (5) comprises a plastic part (6)
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Description

[0001] The presentinvention is directed to an antenna
for a motor vehicle, the antenna comprising a waveguide
component with a target region for positioning a receiver
and/or transmitter device. The invention is further direc-
ted to an antenna arrangement for a motor vehicle com-
prising such an antenna, to a motor vehicle comprising
such an antenna arrangement and to a method for man-
ufacturing an antenna.

[0002] Antennas are used in motor vehicles for trans-
mitting and/or receiving electromagnetic waves, for ex-
ample for communication purposes or for environmental
perception, for example by means of radar systems.
Radar systems are used for various applications in motor
vehicles, in particular for realizing driver assistance func-
tions or other functions for guiding a vehicle automatically
or in part automatically. Corresponding radar systems
may, for example, comprise waveguide antennas, for
example, slotted waveguide antennas or aperture anten-
nas, such as horn antennas.

[0003] It is an objective of the present invention to
provide an antenna for a motor vehicle, which has a
waveguide component with high mechanical stability
and low weight.

[0004] This objective is achieved by the respective
subject-matter of the independent claims. Further imple-
mentations and preferred embodiments are subject-mat-
ter of the dependent claims.

[0005] The invention is based on the idea to use a
waveguide component, which comprises a plastic part,
whose inner surface for guiding electromagneticwavesis
galvanized or metallized to form a metal layer.

[0006] According to an aspect of the invention, an
antenna for a motor vehicle is provided. The antenna
comprises a waveguide component and a target region
for positioning a receiver and/or transmitter device. The
waveguide component comprises a plastic part, and an
inner surface of the plastic part comprises a galvanized
metal layer or a metallized metal layer, which is a metal
layer made by metallization.

[0007] The inner surface, which comprises the galva-
nized metal layer is for guiding electromagnetic waves
from the target region into an outer environment of the
antenna and/or from the outer environment to the target
region.

[0008] In other words, the antenna is designed as a
waveguide antenna, also denoted as waveguide fed
antenna. The antenna may, for example, be designed
as an aperture antenna or as a slotted waveguide anten-
na or as another antenna with a metal structure.

[0009] The antenna may be a communication antenna
and/or a radar antenna, for example.

[0010] That the plastic part comprises the galvanized
metal layer may be understood such that the plastic part
is partially galvanized at its inner surface. In other words,
the plastic part is a galvanized or partially galvanized
plastic part. That the plastic part comprises the metallized
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metal layer may be understood such that the plastic part
is partially metallized at its inner surface. In other words,
the plastic part is a metallized or partially metallized
plastic part.

[0011] In particular, the plastic part is designed to form
an enclosure for guiding the electromagnetic waves,
wherein the enclosure is open to the environment. The
inner surface can be understood to face an interior of the
enclosure.

[0012] The receiver and/or transmitter device may, for
example, comprise a wave source for the electromag-
netic waves, in particular for emitting the electromagnetic
waves in a predefined frequency band, for example, in
the range of several GHz or several tens of GHz, for
example, between 10 GHz and 100 GHz or between 20
GHz and 85 GHz. The frequency band may be a fre-
quency band as commonly used for automotive radar
systems, for example, an automotive long range radar
band, also denoted as LRR band, or an automotive short
range radar band, also denoted as SRR band. The LRR
band ranges from 76 GHz to 77 GHz, and the SRR band
ranges from 77 GHz to 81 GHz, for example. Alternatively
or in addition, the receiver and/or transmitter device may
comprise electronic circuitry for detecting and/or proces-
sing the electromagnetic waves reaching the receiver
and/or transmitter device from the environment of the
antenna. The antenna can, however, be used with other
frequencies as well.

[0013] Due tothe metallayer, the waves can be guided
properly from the target direction to the environment or
vice versa. Since the electromagnetic waves penetrate
the surface of the waveguide component only up to the
respective penetration depth, which can, for example, be
in the order of few micrometers or below one micrometer
for the relevant frequency bands, there is no need for
providing a waveguide component which is completely or
predominantly made of metal. Rather, the plastic part,
which provides sufficient mechanical stability of the wa-
veguide component, may be made of various materials,
for example by means of injection molding or extrusion,
without significantly affecting the guidance of the electro-
magnetic waves. Consequently, providing the galva-
nized or metallized plastic part combines the beneficial
electromagnetic properties for guiding the electromag-
netic waves of the metal layer with low weight and high
mechanical stability of the plastic material. In particular,
also costs of the antenna may be reduced by using a
galvanized or metallized metal layer instead of, for ex-
ample, a solid metallic part as the waveguide component.
[0014] According to several implementations, the
thickness of the metal layer is equal to or greater than
a penetration depth of a material of the metal layer for a
predefined frequency of the electromagnetic waves.
[0015] In this way, it is achieved that the guided elec-
tromagnetic waves are effectively decoupled from the
plastic part, and the waveguiding properties are domi-
nated vastly by the metal layer.

[0016] The thickness of the metal layer may, for exam-
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ple, be less than 100 times the penetration depth or less
than 50 times the penetration depth or less than 20 times
the penetration depth or less than 10 times the penetra-
tion depth.

[0017] The smallerthe thickness of the metal layer, the
less is also the weight of the antenna and, for example,
also the manufacturing costs of the antenna.

[0018] According to several implementations, the pre-
defined frequency of the electromagnetic waves lies
within the range of [10 GHz, 100 GHz].

[0019] Consequently, the most relevant frequency
ranges for automotive applications are covered. For ex-
ample, the frequency may lie within the range from 21
GHz to 26 GHz corresponding the so-called ultrawide
band, UWB, range, within the range from 24 GHz to 24.25
GHz corresponding to the so-called narrow band ISM
range, NB-ISM, within the range from 76 GHz to 77 GHz,
which corresponds to the automotive LRR band or within
the range from 77 GHz to 81 GHz, which corresponds to
the automotive SRR band.

[0020] According to several implementations, the me-
tal layer is made of silver or a silver alloy or is made of
copper or a copper alloy.

[0021] Silver and copper as well as the corresponding
alloys are well suitable materials for guiding the electro-
magnetic waves in the respective relevant frequency
ranges. In particular, it is very beneficia to use a metal
with a high electric conductivity. In particular, the higher
the electric conductivity of the used metal, the thinner the
metal layer can be made, in particular in view of the
penetration depth.

[0022] According to several implementations, the an-
tennais an aperture antenna or a travelling wave antenna
or a slotted waveguide antenna. According to several
implementations, the antenna comprises the receiver
and/or transmitter device, and the receiver and/or trans-
mitter device is arranged and fastened to the target
region.

[0023] Accordingtoafurtheraspectoftheinvention,an
antenna arrangement for a motor vehicle is provided. The
antenna arrangement comprises an antenna according
to the invention and a body part for the motor vehicle. The
antenna is fastened to the body part.

[0024] The antenna arrangement may for example be
a communication antenna arrangement and/or a radar
antenna arrangement. The antenna of the antenna ar-
rangement is then designed as communication antenna
and/or a radar antenna, accordingly.

[0025] According to several implementations of the
antenna arrangement, the antenna is fastened to the
body part by means of a clip connection.

[0026] To this end, the plastic part may, for example,
comprise features, such as latching lugs, which engage
with corresponding features of the body part in order to
realize the clip connection. In this way, the antenna may
be fastened to the body part securely in a particularly
simple way.

[0027] According to several implementations of the
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antenna arrangement, the body part is a bumper for
the motor vehicle or a grille for the motor vehicle.
[0028] According to a further aspect of the invention, a
motor vehicle is provided. The motor vehicle comprises
an antenna according to the invention or an antenna
arrangement according to the invention.

[0029] According to a further aspect of the invention, a
method for manufacturing an antenna according to the
invention is provided. Therein, the waveguide compo-
nent is provided, and the metal layer is generated by
galvanizing or metallizing the inner surface of the plastic
part.

[0030] Inrespective implementations, the receiver an-
d/or transmitter device is provided and fastened to the
target region.

[0031] According to several implementations of the
method, the plastic part is produced by injection molding
or by an extrusion process.

[0032] The invention also includes further embodi-
ments of the method according to the invention which
have features as already described in connection with the
further embodiments of the antenna, the antenna ar-
rangement and the motor vehicle according to the inven-
tion. Thus, the corresponding further embodiments of the
method according to the invention are not described
again here.

[0033] The invention also comprises combinations of
the features of the described implementations.

[0034] Foruse cases or use situations which may arise
in the method and which are not explicitly described here,
it may be provided that, in accordance with the method,
an error message and/or a prompt for user feedback is
output and/or a default setting and/or a predetermined
initial state is set.

[0035] Examples of embodiments of the invention are
described below. Therein,

Fig. 1  shows schematically a motor vehicle with an
exemplary implementation of an antenna ac-
cording to the invention;

Fig. 2 shows schematically a perspective view of a
further exemplary implementation of an anten-
na according to the invention;

Fig. 3  shows schematically a top view of a further ex-
emplary implementation of an antenna accord-
ing to the invention;

Fig. 4 shows schematically a front view of the anten-
na according to Fig. 3;

Fig. 5 shows schematically a side view of the anten-
na according to Fig. 3;

Fig. 6  shows schematically a side view of an exemp-
lary implementation of an antenna arrange-
ment according to the invention;
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Fig. 7  shows schematically a top view of the antenna
arrangement of Fig. 6; and

Fig. 8 shows schematically a perspective view of a
further exemplary implementation of an anten-
na according to the invention.

[0036] The examples of embodiments explained be-

low are preferred examples of embodiments of the in-
vention. In the examples of embodiment, the compo-
nents described each represent individual features of
the invention which are to be considered independently
of one another and which each also further the invention
independently of one another and are thus also to be
regarded as a component of the invention individually or
in a combination other than that shown. Furthermore, the
described embodiments can also be supplemented by
further of the already described features of the invention.
[0037] In the figures, functionally identical elements
are each provided with the same reference signs.
[0038] Fig. 1 shows schematically a motor vehicle 1
with an exemplary implementation of a antenna 4 accord-
ing to the invention. The antenna 4 may, for example, be
integrated into a body part 9 of the motor vehicle 1, for
example a bumper or grille.

[0039] The motor vehicle 1 may, forexample, comprise
an electronic control unit 3 or another computing unit for
controlling the antenna 4 and/or for receiving data from
the antenna 4.

[0040] The antenna 4 is for example a radar antenna.
The following explanations, however, carry over analo-
gously to other types of antennas. The antenna 4 is
implemented as a waveguide antenna, for example an
aperture antenna, as the horn type aperture antenna
shown schematically in Fig. 2, or a slotted waveguide
antenna, as shown in the exemplary implementation
schematically in Fig. 8.

[0041] The antenna 4 comprises a waveguide compo-
nent 5, which may constitute a housing part of the anten-
na. The waveguide component 5 comprises a plastic part
6, which is partly galvanized or metallized such that a
metal layer is formed on an inner surface 7 of the plastic
part 6, which guides electromagnetic waves 11 (see Fig.
3) from a target region 8 into an outer environment of the
antenna 4 and/or from the outer environment to the target
region 8. A receiver and/or transmitter device 10, in
particular a wave source for electromagnetic waves 11
and/or a receiver chip for receiving the electromagnetic
waves 11, may be arranged at the target region 8.
[0042] The thickness of the metal layer is, for example,
equal to or greater than a penetration depth of the ma-
terial of the metal layer, for example silver, for a prede-
fined frequency of the electromagnetic waves. The pe-
netration depth may in an exemplary use case, for ex-
ample, be 0.23 micrometers. In general, the penetration
depth depends on the frequency of the electromagnetic
waves 11. The thickness of the metal layer is conse-
quently chosen such that for a predefined reference
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frequency, which may, for example, lie within the range
10 gigahertz to 100 gigahertz, the thickness is greater
than or equal to the penetration depth.

[0043] Several aspects of further exemplary imple-
mentations of a antenna 4 according to the invention
are described with reference to Fig. 3 to Fig. 5. Therein,
the example of a horn antenna is chosen, however, the
explanations carry over analogously to other waveguide
antennas, in particular other types of aperture antennas
or travelling wave antennas.

[0044] Fig. 3 shows a top view of an exemplary im-
plementation of the antenna 4 with a wave source chip 10
mounted at the target region 8.

[0045] The waveguide component 5 comprises the
plastic part 6 providing mechanical support and the pos-
sibility for a simple mounting to the body part 9. The
electrically relevant part for guiding the electromagnetic
waves 11 is constituted by the metal layer on the inner
surface 7. Due to the mechanical support by the plastic
part 6, the metal layer can be designed very thin. Fig. 4
shows the antenna 4 in a front view and Fig. 5 shows the
antenna 4 in a side view.

[0046] In some implementations, the plastic part 6
comprises latching lugs 12 on an outer side for mounting
the antenna 4 to the body part. An exemplary implemen-
tation of an antenna arrangement 13 according to the
invention with such a antenna 4 is shown in a schematic
side view in Fig. 6 and in a corresponding schematic top
view in Fig. 7, where the body part 9 is a grille of the motor
vehicle 1. Furthermore, also a radome (not shown) can
be applied to tune the dielectric constant.

[0047] Based on the antenna type, dimensions and
requirements of mechanical parts may vary. For exam-
ple, the dimensions of a horn antenna (for example
7x1.5x5 mm in a specific non-limiting use case) may
be smaller than those of a slotted waveguide antenna
(for example 50x12x20 mm in a specific non-limiting use
case).

[0048] As described, in particular with respect to the
figures, the invention provides a galvanized or metallized
antenna, which may for example be integrated into body
parts, in particular plastic body parts, of a motor vehicle.
The antenna may be used in different frequency bands
including radar bands such as LRR and SRR.

[0049] The plasticbody parts ofthe motor vehicle, such
as grille or bumper, may be manufactured by means of an
injection molded process, which allows for very precise
dimensions.

Reference signs
[0050]

motor vehicle
electronic control unit
antenna

waveguide component
plastic part

o0k W
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7 inner surface

8 target region

9 body part

10  receiver and/or transmitter device

11 electromagnetic waves

12 latching lugs

13  antenna arrangement

Claims

1. Antenna (4) for a motor vehicle (1), the antenna (4)
comprising a waveguide component (5) and a target
region (8) for positioning a receiver and/or transmit-
ter device (10),
characterized in that
the waveguide component (5) comprises a plastic
part (6) and an inner surface (7) of the plastic part (6)
for guiding electromagnetic waves (11) from the
target region (8) into an outer environment of the
antenna (4) and/or from the outer environment to the
target region (8) comprises a galvanized or metal-
lized metal layer.

2. Antenna (4) according to claim 1,
characterized in that
a thickness of the metal layer is equal to or greater
than a penetration depth of a material of the metal
layer for a predefined frequency of the electromag-
netic waves (11).

3. Antenna (4) according to claim 2,
characterized in that
the thickness is less than 100 times the penetration
depth or less than 50 times the penetration depth or
less than 20 times the penetration depth or less than
10 times the penetration depth.

4. Antenna (4) according to one of claims 2 or 3,
characterized in that
the predefined frequency lies within the range [10
GHz, 100GHz].

5. Antenna (4) according to one of the preceding
claims,
characterized in that
the metal layer is made of silver or a silver alloy or
copper or a copper alloy.

6. Antenna (4) according to one of the preceding
claims,
characterized in that
the antenna (4) is an aperture antenna or a travelling
wave antenna or a slotted waveguide antenna.

7. Antenna (4) according to one of the preceding

claims,
characterized in that
the antenna (4) comprises the receiver and/or trans-
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10.

1.

12.

13.

mitter device (10), which is arranged in the target
region (8).

Antenna arrangement (13) for a motor vehicle (1)
comprising an antenna (4) according to one of the
preceding claims and a body part (9) for the motor
vehicle (1), wherein the antenna (4) is fastened to the
body part (9).

Antenna arrangement (13) according to claim 8,
characterized in that

the antenna (4) is fastened to the body part (9) by
means if a clip connection.

Antenna arrangement (13) according to one of
claims 8 or 9,

characterized in that

the body part (9) is a bumper or a grille for the motor
vehicle (1).

Motor vehicle (1) comprising an antenna (4) accord-
ing to one of claims 1 to 7 or an antenna arrangement
(13) according to one of claims 8 to 10.

Method for manufacturing an antenna (4) according
to one of claims 1 to 7, wherein the waveguide
component (5) is provided and the metal layer is
generated by galvanizing or metallizing the inner
surface (7) of the plastic part (6).

Method according to claim 12,

characterized in that

the plastic part (6) is produced by injection molding or
an extrusion process.
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