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(54) ANTENNA ASSEMBLY AND VEHICLE

(67)  The invention concerns

an antenna assembly (1), especially for a vehicle, com-
prising:

-a printed circuit board (4),

- at least one antenna element (11) comprising a feed
connection pad (7) and a ground connection pad (8),
-the antenna element (11) being arranged on the printed
circuit board (4),

-wherein the feed connection pad (7) and the ground con-
nection pad (8) of the antenna element (1) each are lo-
cated on a surface (12) of the printed circuit board (4),
-wherein the feed connection pad (7) is coupled to a
feedline pad (9) of the printed circuit board (4),

and wherein the ground connection pad (8) is coupled to
a ground line pad (10) of the printed circuit board (4).
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Description

[0001] The invention concerns an antenna assembly
and a vehicle.

[0002] Antenna assemblies for cars are e. g. known
from EP2466552B1, which concerns an antenna assem-
bly with a PIFA antenna connected to a PCB.

[0003] Itis an object of the invention to provide an im-
proved antenna assembly.

The object is achieved by the subject matter of the inde-
pendent claims respectively. Advantageous develop-
ments of the invention are found in the dependent claims.
[0004] According to the invention, an antenna assem-
bly, especially for a vehicle, comprises:

- aprinted circuit board having a top side and a bottom
side and inbetween many internal layers ,

- atleastone antenna element comprising a feed con-
nection pad and a ground connection pad,

- the antenna element being arranged on (one side
of) the printed circuit board, (which preferably is the
antenna side),

- wherein (especially on that said printed circuit board
side) the feed connection pad and the ground con-
nection pad of the antenna element are located on
the surface of the printed circuit board,

- wherein the feed connection pad is coupled to a
feedline pad of the printed circuit board,

and wherein the ground connection pad is coupled to a
ground line pad of the printed circuit board.

[0005] The antenna feed and ground connections do
not need to be galvanically connected to the associated
electrical circuit connections on a printed circuit board.
Both feed and ground pins of the antenna can only be
capacitively coupled to the electronic circuit inputs of a
printed circuit board without any galvanic contact. Press-
fit or soldering are not necessary and, also, no possibility
of imperfect electrical contact or corrosion during time
should occur.

[0006] According to the dependent patent claims, the
invention also comprises embodiments that provide fea-
tures which afford additional technical advantages.
[0007] Preferably,the antenna assembly is comprising
on the underside of one layer of the printed circuit board

- a(PCB) feed line with a feedline pad opposite to the
(antenna) feed connection pad,

- a(PCB) ground line with a groundline pad opposite
to the (antenna) ground line pad,

for supporting capacitive coupling instead of a galvanic
connection.

[0008] Preferably for supporting capacitive coupling,
the (PCB) feedline pad and the (PCB) groundline pad
are in the area of the (antenna) feed connection pad and
the (antenna) ground connection pad.

[0009] Preferably, in the area of the feed connection
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pad and the ground connection pad where the antenna
feeding pin and the grounding pin is touching the PCB
(top or bottom layer),

the printed circuit board is without (copper) metallization,
especially to avoid electrical galvanic contact of the feed
connection pad and the ground connection pad with the
printed circuit board,

which electrical galvanic contact is not necessary due to
capacitive (and/or inductive) coupling.

[0010] According to a further embodiment,

the (PCB) feedline pad and the (PCB) groundline pad
are located on the side opposite to the antenna side of
the printed circuit board preferably on an inner layer,
which also contains an electronic circuit for at least one
telecommunication and/or telephony system.

[0011] According to a further embodiment,

the antenna assembly comprises at least one screw for
fixing of the antenna element on the printed circuit board
by fastening the screw through a housing that holds the
antenna element and goes through the printed circuit
board, especially with no electrical contact between the
screw and the antenna element,

preferably pressing the feed connection pad and the
ground connection pad of the antenna element onto the
printed circuit board.

[0012] According to afurtherembodiment, the antenna
element comprises preferably a conductive metal sheet
and/or is a PIFA or IFA antenna element.

According to a further embodiment, the antenna assem-
bly comprises at least one antenna element for cellular
mobile communication and/or for WiFi communication
and/or for a satellite positioning system.

[0013] The invention also provides a vehicle compris-
ing an antenna assembly.

[0014] The invention also comprises the combinations
of the features of the described embodiments.

[0015] In the following an exemplary implementation
of the invention is described.

The figures show in:

Fig. 1 a schematic illustration of an embodiment of
an inventive antenna assembly,

Fig. 2 a schematic illustration of an embodiment of
an inventive antenna assembly,

Fig. 3 a schematic illustration of an embodiment of
an inventive antenna assembly, with a housing and
screws for fixing the antenna element on the printed
circuit board,

Fig. 4 an input reflection coefficient of an antenna
without matching in a simulation,

Fig. 5 an input reflection coefficient and efficiency of
an antenna with matching in a measurement,

Fig. 6 a roof of a vehicle with an antenna assembly,
Fig. 7 a vehicle with an antenna assembly on its roof.

[0016] The embodiment explained in the following is a
preferred embodiment of the invention. However, in the
embodiment, the described components of the embodi-
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ment each represent individual features of the invention
which are to be considered independently of each other
and which each develop the invention alsoindependently
of each other and thereby are also to be regarded as a
component of the invention in individual manner or in
another than the shown combination. Furthermore, the
described embodiment can also be supplemented by fur-
ther features of the invention already described. In the
figures elements that provide the same function are
marked with identical reference signs.

[0017] Fig. 6 and 7 show an antenna assembly 1 with
one or more antenna elements on the roof 2 of a vehicle
3 (e.g. a passenger car or truck or bus).

[0018] Fig. 1 and Fig. 2 each respectively are a sche-
matic illustration of an embodiment of an inventive an-
tenna assembly 1 (e.g. for a roof 2 of a vehicle 3), com-
prising:

- a printed circuit board (PCB) 4 having a top side 5
and a bottom side 6,

- atleast one antenna element 11 comprising a feed
connection pad 7 (for feeding the antenna) and a
ground connection pad 8 (for grounding the anten-
na),

- the antenna element 11 being arranged on one (an-
tenna) side 5 of the antenna circuit board, (which is
in the following called the antenna side 5),

- wherein on that antenna side 5 the feed connection
pad 7 and the ground connection pad 8 of the an-
tenna element 1 are located on the surface 12 of one
side 5 of the printed circuit board 4,

- wherein the feed connection pad 7 is capacitively
coupled (through one layer of the printed circuit
board 4) to a (dotted) feedline pad 9 of the printed
circuit board 4, and wherein the ground connection
pad 8 is capacitively coupled (through one layer of
the printed circuit board 4) to a (dotted) ground line
pad 10 of the printed circuit board 4.

[0019] Fig. 2 shows a schematic illustration of an em-
bodiment of an inventive antenna assembly 1, wherein
the printed circuit board 4 comprises two layers 14, 15,
each with atop side 12; 17 and bottom side 18; 19 (where-
in 12 here is the upper side 5 of the PCB and the upper
side 12 of the top layer of the PCB).

[0020] In Fig. 2, the feed connection pad 7 is capaci-
tively coupled (through one layer 14 of the printed circuit
board 4) to a (dotted) feedline pad 9 of the printed circuit
board 4, and the ground connection pad 8 is capacitively
coupled (through one layer 14 of the printed circuit board
4) to a (dotted) ground line pad 10 of the printed circuit
board 4.

[0021] The feedline pad 9 of the printed circuit board
4 is opposite to the feed connection pad 7 of the antenna
element 11,

and the ground line pad 10 of the printed circuit board 4
is opposite to the ground connection pad 8 of the antenna
element 11 (‘opposite" meaning on opposite sides of one
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layer 14 of the printed circuit board 4).

So the feedline pad 9 and the groundline pad 10 are in
the area of the feed connection pad 7 and the ground
connection pad 8, fully or partially overlapping.

In the embodiment in Fig. 2, the feed line 13 for the an-
tenna element 11 comprises enlarged area at its ends
forming the feedline pad 9 and the groundline pad 10 is
adefined surface directly connected to rest of the ground
and to the other ground layers while using vias e.g. 16
In the embodiment in Fig. 2, in the area of the feed con-
nection pad 7 and the ground connection pad 8, the print-
ed circuit board 4 is without copper metallization where
the antenna feeding pin and the grounding pin is touching
the PCB (top or bottom layer), especially to avoid elec-
trical galvanic contact of the feed connection pad 7 and
the ground connection pad 8 with the printed circuitboard
4.

In the embodiment in Fig. 3, the antenna assembly 11
comprises at least one screw 22, 23 for fixing of the an-
tenna element 11 on the printed circuit board 4 by fas-
tening the screw(s) 22, 23 through a housing 21 thatholds
the antenna element 11 and goes through the printed
circuit board 4, especially with no electrical contact be-
tween the at least one screw 22, 23 and the antenna
element 11,

preferably pressing the feed connection pad 7 and the
ground connection pad 8 of the antenna element 11 onto
the printed circuit board 4.

The antenna element 11 can e.g. comprise a conductive
metal sheet and/or it can be a PIFA or IFA antenna ele-
ment.

According to an embodiment, the antenna assembly 1
can comprise one antenna element 11 or two or more
antenna elements for cellular mobile communication
and/or for WiFi communication and/or for a satellite po-
sitioning system and or for further purposes.

[0022] Embodiments of the invention can avoid high
costgiven by possible alternative implementation/mount-
ing processes, in which a classic metallic IFA or PIFA
structure antenna has to be fixed in the plastic housing
and also soldered on the mainboard to ensure an elec-
trical contact with the corresponding circuit. Embodi-
ments of the invention are proposing an idea for the im-
plementation of an antenna in telephony systems which
addresses the problems mentioned above. This can still
allow using a PIFA design, but a difference consists in
the fact that the antenna feed and ground connections
do not need to be galvanically connected anymore to the
associated electrical circuit connections. Both feed and
ground pins of the antenna can only be capacitively cou-
pled to the electronic circuit inputs without any galvanic
contact. This can mean that there is no press-fit or sol-
dering needed and, also, no possibility of imperfect elec-
trical contact or corrosion during time.

[0023] An antenna element 11 of the antenna assem-
bly 1 can be is realized out of conductive metal sheet in
the form of a PIFA structure with one feeding pin (with
feed connection pad 7) and one grounding pin (with
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ground connection pad 8).

[0024] The antenna element’s multiple resonances to
cover the needed multi-bands for telephony services can
be realized by making slots on the upper and lateral sur-
face of the metal sheet element. Both the feeding and
the grounding pins are ended by enlarged pads 7, 8, par-
allel to the PCB 4 surface. These pads 7, 8 will be placed
directly on the (when mounted) upper surface 5 of the
PCB that here contains electronic circuit for a telephony
system, but in the areas 24, 25 surrounding these two
pads 7, 8 there is no copper metallization, therefore no
electrical contact (of the pads 7, 8 with the printed circuit
board 4). On the next copper layer of the PCB, which is
very close to the surface 5 (e.g. about 90 micrometers
distance d below), the feed and ground strip-lines 16, 17
for a telephone antenna 11 are routed. The shape of
these lines is here also ending by enlarged areas, e.g.
exactly below the antenna pads. By this method, a very
strong capacitively electromagnetic coupling can be in-
sured between antenna pins / pads 7, 8 and correspond-
ing feed and ground connections as 9, 10. The value of
this capacitance can be calculated so that it is covering
the needed frequency bands and acting almost like a
short circuit in this range. In this way, the (transport of
the) electrical signal from the telephone network access
device to the antenna is optimal, without suffering any
loss. The radiation properties of the antenna can be very
similar to a galvanically coupled antenna.

[0025] In order to ensure a good signal transfer be-
tween the antenna and the PCB (printed circuit board 4)
traces on lower PCB layer 15, the distance of the prepreg
material between the upper PCB layer 14 (e.g. top layer)
and lower PCB layer 15 (e.g. signal Layer) can be small
(e.g. d =90 to 100 microns).

The antenna assembly 1 can be fixed in a plastic housing
in a few plastic hot-melted points, then the complete
housing can be pressed on the printed circuit board 4
with screws 22, 23 e. g in four corners, from which e.g.
one of them can be going through the antenna ground
pin (e.g. through the pad 8). The antenna feeding pin
(pad 7) can be held in place and pressed onto the printed
circuit board 4 by a housing shoulder behind it.

Some simulation and measurement results on a proto-
type realized for multi-band telephony services
(700-960MHz, 1447-1511MHz, 1710-2170MHz &
2490-2690MHz) are presented in Fig. 4 and Fig. 5.
Figure 4 shows an input reflection coefficient of the an-
tenna without matching in a simulation.

Fig. 5 shows an input reflection coefficient and efficiency
of the antenna with matching in a measurement.

The presented result data is showing very good perform-
ance for the desired frequency bands, both in overall
(S11) and radiation efficiency. Also, from the radiation
pattern measurements, a total gain with a good behavior
was obtained, quasi-omnidirectional on the entire fre-
quency range.

The described embodiments of the invention can be suc-
cessfully implemented in real life, delivering the required
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performance in automotive telephony products. The de-
sign can be, of course, extended to other services, by
changing the dimensions of the antenna elements and
adapting the frequency bands. Some main advantages
of this invention are the ease of fabrication and mounting,
reduced assembly steps and shorter time spent during
on the production process.

Reference signs
[0026]

1 antenna assembly

2 roof

3 vehicle

4 printed circuit board (PCB)

5 (PCB) top side

6 (PCB) underside

7 (antenna) feed connection pad

8 (antenna) ground connection pad
9 (PCB) feedline pad

10 (PCB) ground line pad

11 antenna element

12 upper side of (PCB) layer and PCB
13 feed line

14 (PCB) layer

15 (PCB) layer

16 ground line

17 upper side of (PCB) layer

18 underside of (PCB) layer and PCB
19 underside of (PCB) layer

21 housing

22 screw

23 screw

Claims

1. An antenna assembly (1), especially for a vehicle,
comprising:

- a printed circuit board (4),

- at least one antenna element (11) comprising
afeed connection pad (7) and a ground connec-
tion pad (8),

- the antenna element (11) being arranged on
the printed circuit board (4),

- wherein the feed connection pad (7) and the
ground connection pad (8) of the antenna ele-
ment (1) each are located on a surface (12) of
the printed circuit board (4),

- wherein the feed connection pad (7) is coupled
to a feedline pad (9) of the printed circuit board

4),

and wherein the ground connection pad (8) is cou-
pled to a ground line pad (10) of the printed circuit
board (4).
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Antenna assembly (1) according to the preceding
claim,

wherein the feedline pad (9) is capacitively coupled
to the feed connection pad (7),

wherein the groundline pad (10) is capacitively cou-
pled to the ground connection pad (8),

especially without galvanic and/or without direct
electrical connection between the antenna element
(11) or feed connection pad (7) or ground connection
pad (8) and the printed circuit board (4).

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein the printed circuit board (4), having a top
side (5) and a bottom side (6), has at least two layers
(14, 15), each with two layer surfaces (17, 18, 19,
20), wherein a layer surface, especially a layer (17)
surface with the smallest distance (d) to the antenna
side (5) surface (12), comprises

- afeed line (13) with a feedline pad (9) opposite
to the feed connection pad (7),

- a ground line (16) with a ground line pad (10)
opposite to the ground connection pad (8).

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein the feed line (13) and the ground line (16)
for the antenna element (11) respectively comprise
enlarged areas at their ends,

respectively forming the feedline pad (9) and the
groundline pad (10).

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein the feedline pad (9) and the groundline pad
(10)

are fully or partially overlapping in the area of the
feed connection pad (7) and the ground connection
pad (8)

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein in the area of the feed connection pad (7)
and the ground connection pad (8),

the printed circuit board (4) is without copper metal-
lization,

especially to avoid electrical galvanic contact of the
feed connection pad (7) and the ground connection
pad (8) with the printed circuit board (4).

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein the feedline pad (9) and the groundline pad
(10) are located on the printed circuit boards (4) side
(18) opposite to the antenna element side (12) of the
printed circuit board (4), which (18) also contains an
electronic circuit for at least one telecommunication
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10.

1.

and/or telephony system.

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein the antenna assembly (11) comprises at
least one screw (22,23) for fixing of the antenna el-
ement (11) on the printed circuit board (4) by fasten-
ing the screw (22, 23) through a housing (21) that
holds the antenna element (11) and goes through
the printed circuit board (4),

especially with no electrical contact between the
screw (23) and the antenna element (11),
preferably pressing the feed connection pad (7) and
the ground connection pad (8) of the antenna ele-
ment (11) onto the printed circuit board (4).

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein the antenna element (11) comprises a con-
ductive metal sheet and/or is a PIFA or IFA antenna
element.

Antenna assembly (1) according to any of the pre-
ceding claims,

wherein it comprises at least one antenna element
(11) for cellular mobile communication and/or for
WiFi communication and/or for a satellite positioning
system.

Vehicle, especially car or truck,
with an antenna assembly (1) according to any of
the preceding claims.
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