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(54) ANTENNA DEVICE

(57) A 5G antenna device (1) comprising a flat,
plate-shaped supporting base (5) in an electrically insu-
lating material, a first terminal (6a) for providing an an-
tenna signal, a second terminal (6b) set at a pre-estab-
lished reference potential, and a dipole antenna electrical
circuit (7) comprising a first portion (10) positioned on the
supporting base (5) and having a polygonal shape, a sec-
ond portion (11) positioned on the supporting base (5)
and comprises a first branch (11a) having an elongated

shape extending immediately alongside a first side (10a)
of the first portion (10). The dipole antenna device (7)
further comprises a plate-shaped element (12) made of
electrically conductive material that lies on a plane trans-
verse to the supporting base (5) and is electrically con-
nected to the first branch (11a) of the second portion (11).
The plate-shaped element (12) is adjacent to the first
side (10a) of the first portion (10) and forms a capacitive
antenna element therewith.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from Ital-
ian patent application no. 102020000008101 filed on
16/04/2020.

TECHNICAL FIELD

[0002] The present invention relates to an antenna de-
vice. Preferably, the present invention relates to an an-
tenna device installable in a vehicle, conveniently a motor
vehicle, such as a car or any similar vehicle which the
following description refers to without by so doing de-
tracting from its general application.

BACKGROUND ART

[0003] It is well known that there is currently a growing
need on the part of manufacturers of motor vehicles, such
as cars, trucks, buses, etc., to "connect" the vehicles both
to communication networks/systems operating with
fourth generation mobile phone technologies, so-called
4G communication networks/systems, and new/state-of-
the-art broadband telecommunications networks/sys-
tems, such as in particular fifth generation networks/sys-
tems, i.e. 5G and/or LTE (acronym for Long Term Evo-
lution) communication networks/systems.
[0004] The object of the present invention is therefore
to provide an antenna device that is also capable of com-
municating with state-of-the-art broadband communica-
tion networks/systems, in particular mobile phone net-
works including the 5G network.
[0005] A further object of the present invention is to
provide an antenna device having small dimensions,
such that it can be installed in a vehicle, preferably in the
dashboard thereof.

DISCLOSURE OF INVENTION

[0006] The object of the present invention is therefore
to provide a solution to achieve the above-mentioned ob-
jectives.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will now be described
with reference to the appended drawings, which illustrate
a nonlimiting embodiment, wherein:

- Figure 1 schematically shows a wireless communi-
cation system fitted on board a vehicle made accord-
ing to the dictates of the present invention,

- Figure 2 is an exploded view of an antenna device
of the wireless communication system shown in Fig-
ure 1,

- Figures 3 and 4 are two perspective views showing

the antenna device being connected to the vehicle
dashboard,

- Figure 5 is a plan view of the dipole antenna elec-
tronic circuit of the antenna device shown in Figure 2,

- Figure 6 is a perspective view of the supporting base
and dipole antenna electronic circuit of the antenna
device shown in Figure 2,

- Figure 7 shows a side elevation view of the support-
ing base and dipole antenna electronic circuit of the
antenna device shown in Figure 2,

- Figure 8 shows a perspective view of the antenna
device according to a first embodiment,

- Figure 9 shows a side elevation view of the support-
ing base and dipole antenna electronic circuit of the
antenna device shown in Figure 8,

- Figure 10 shows a perspective view of an antenna
device of the present invention according to a second
embodiment,

- Figure 11 shows a plan view of the supporting base
and dipole antenna electronic circuit of the antenna
device shown in Figure 10,

- Figure 12 shows a perspective view of an antenna
device of the present invention according to a third
embodiment,

- Figure 13 shows a plan view of the supporting base
and dipole antenna electronic circuit of the antenna
device shown in Figure 12,

- Figure 14 shows a perspective view of an antenna
device of the present invention according to a fourth
embodiment,

- Figure 15 shows a plan view of the supporting base
and dipole antenna electronic circuit of the antenna
device shown in Figure 14,

- Figure 16 is a graph showing the efficiency trend as
the frequency of the antenna device shown in Figure
5, made according to the dictates of the present in-
vention, varies,

- Figure 17 shows a graph of the return loss as the
frequency of the antenna device made according to
the present invention varies.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] The present invention will now be described in
detail with reference to the appended figures to enable
a person skilled in the art to make and use it. Various
modifications to the embodiments described will be im-
mediately apparent to the person skilled in the art and
the general principles described may be applied to other
embodiments and applications while remaining within the
sphere of protection of the present invention, as defined
in the appended claims. The present invention should
not therefore, be considered limited to the embodiments
described and illustrated, but given the broadest scope
of protection according to the principles and character-
istics described, illustrated and claimed herein.
[0009] Figure 1 schematically shows a wireless com-
munication system SA which is installed in a vehicle M1
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and is suitable for performing a telematic communication
with one or more wireless communication networks/sys-
tems (not shown).
[0010] It should be clarified that in the following de-
scription "telematic communication" means communica-
tion with LTE networks/systems, and/or networks oper-
ating according to mobile phone technology above 4G,
preferably networks operating according to 5G mobile
phone technology. It is understood, however, that
telematic communication according to the present inven-
tion is not limited to the networks/systems listed above,
and that the wireless communication system SA may be
configured to conveniently perform communications with
other types of communication networks/systems, such
as networks/systems operating in wide-band with a band-
width of less than 6GHz and/or operating in the ISM (ac-
ronym for Industrial, Scientific and Medical) band with a
bandwidth of less than 6GHz.
[0011] It should also be noted that in the following de-
scription and in the appended figures, explicit reference
will be made to a wireless communication system SA
installed in a motor vehicle M1, preferably a car.
[0012] However, it is understood that the present in-
vention is not limited to the above application and that
the wireless communication system SA can be installed
in any motor vehicle (car, truck, bus and the like).
[0013] With reference to Figure 1, the wireless com-
munication system SA comprises an antenna device 1
and an electronic communication unit UC. The electronic
communication unit UC is electrically connected to the
antenna device 1 via a waveguide CV, comprising for
example a coaxial cable, and is configured to perform
wireless communication by means of the antenna device
1. The communication electronics unit UC can also be
configured to perform radio frequency communication via
the antenna device 1 so as to transmit/receive data in
the form of signals in predetermined frequency bands
described in detail in the description below.
[0014] With reference to Figures 1-4, the antenna de-
vice 1 is structured to be mounted in the vehicle M1.
According to a preferred embodiment shown in Figures
3 and 4, the antenna device 1 is structured to be in-
stalled/mounted/integrated in a dashboard CP (only par-
tially illustrated in Figures 3 and 4) of the vehicle M1. In
the example illustrated, the dashboard CP is positioned
inside the passenger compartment of the vehicle M1 and
has a seat/pocket T1 in which the antenna device 1 is
engaged. The antenna device 1 may be attached to the
dashboard CP in the pocket T1 by means of fastening
means, for example screws (not shown) or the like.
[0015] As shown in Figure 2, the antenna device 1 may
comprise an outer protective shell or container 4, a board
or supporting base 5 positioned inside the container 4,
preferably, but not necessarily, an electrical connector 6
connected to the waveguide CV, and a dipole antenna
electrical circuit 7 firmly connected (secured) to the sup-
porting base 5.
[0016] In the example illustrated, the supporting base

5 is plate-shaped and is made of an electrically insulating
material. The supporting base 5 has an approximately
flat shape and has a reference axis A. Preferably, the
supporting base 5 may be made from electrically insu-
lating composite materials, and/or plastic materials (poly-
urethane) and/or resins (epoxy). A composite material
conveniently used by the Applicant to make the support-
ing base 5 may be vetronite-based, for example FR4 or
FR-4 type material.
[0017] According to a preferred embodiment shown in
Figures 2, 5-8, the supporting base 5 has an approxi-
mately rectangular shape and has four sides indicated
below and in the appended figures as 5a, 5b, 5c and 5d.
Preferably, the mutually opposite sides 5a and 5d are
parallel to each other and orthogonal to the axis A, and
the other mutually opposite sides 5b and 5c are parallel
to each other and to the axis A.
[0018] With reference to Figure 2, the container 4 may
have an approximately parallelepiped box shape and
comprises a cup-shaped body 4a, preferably having an
approximately rectangular cross-section sized to hold the
supporting base 5, and an approximately rectangular
shaped closure plate 4b suitable for connecting, for ex-
ample by means of snap mechanisms 4c with the side
walls of the cup-shaped body 4a surrounding the opening
thereof so as to close the cup-shaped body 4a.
[0019] With reference to Figure 5, the antenna device
1 may comprise a first terminal 6a suitable for providing
an antenna signal and a second terminal 6b set at a pre-
determined reference potential. The predetermined po-
tential of the second terminal 6b is preferably a ground
potential.
[0020] With regard to the connector 6, if present, it may
be coupled to a wall 4d of the container 4 so as to be
accessible and connectable from outside the container
4 with the waveguide CV. In the example illustrated, the
connector 6 is firmly coupled to the supporting base 5 so
as to extend cantilevered from the side 5b thereof. The
connector 6 preferably corresponds to a connector for
coaxial antenna cables provided with two electrical ter-
minals.
[0021] According to a possible embodiment shown in
Figure 5, the first terminal 6a is preferably defined by a
central internal pin of the connector 6. The second ter-
minal 6b may preferably be defined by the cylindrical por-
tion of the connector 6 surrounding the central internal
pin of the first terminal 6a.
[0022] According to a preferred embodiment shown in
Figure 5, the dipole antenna electrical circuit 7 comprises
a first flat portion 10 made of electrically conductive ma-
terial which is positioned on the supporting base 5 co-
planar thereto. The first portion 10 may preferably com-
prise a layer of thin electrically conductive material (in-
dicatively in the order of microns, e.g. a few tens of mi-
crons) deposited/printed on a first surface of the support-
ing base 5.
[0023] It is understood that the present invention is not
limited to a first portion 10 formed of a layer of electrically
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conductive material, but could comprise other solu-
tions/variants, such as making the first portion 10 by
means of a thin, flat sheet of conductive material shaped
and firmly positioned (fixed) on the supporting base 5.
The sheet of the first portion 10 may have a thickness in
the order of one millimetre or fractions thereof, for exam-
ple about 0.5 mm.
[0024] According to a preferred embodiment shown in
Figure 5, the first portion 10 has a polygonal shape and
is electrically connected to the first terminal 6a. According
to a preferred embodiment shown in figure 5, the first
portion 10 has a widened, approximately rectangular
shape. It is understood that according to the present in-
vention, a "widened" shape means that the area of the
first portion 10 has a significant surface extension capa-
ble of covering a large area of the underlying first surface
of the supporting base 5.
[0025] With reference to Figure 5, the first portion 10
is positioned approximately centrally on the first surface
of the supporting base 5 and, having a rectangular shape,
has its sides indicated by 10a, 10b, 10c and 10d approx-
imately parallel to the sides 5a, 5b, 5c and 5d of the sup-
porting base 5, respectively.
[0026] The first, widened, polygonal portion 10 made
centrally on the supporting base 5 in the manner de-
scribed above allows optimization of the communication
bands in higher frequencies (e.g., starting from about
1.7GHz up to about 6GHz) while respecting the dimen-
sional constraints of the supporting base 5. In this regard,
it is to be noted that the supporting base 5 has dimen-
sional limitations associated with the limit dimensions of
the vehicle dashboard CP.
[0027] According to a preferred embodiment shown in
Figure 5, the dipole antenna electrical circuit 7 further
comprises a second flat portion 11 made of electrically
conductive material which is positioned on the first sur-
face of the supporting base 5 (coplanar therewith) along-
side the first portion 10 and is electrically insulated there-
from.
[0028] The second portion 11 may preferably comprise
a layer of thin electrically conductive material (indicatively
in the order of microns, e.g. a few tens of microns) de-
posited/printed on the surface of the supporting base 5.
It is understood that the present invention is not limited
to a second portion 11 formed of a layer of electrically
conductive material, but could comprise other solu-
tions/variants such as making the second portion 11 by
means of a flat sheet of conductive material shaped and
firmly positioned (fixed) on the supporting base 5. The
sheet of the second portion 11 may have a thickness in
the order of one millimetre or fractions thereof, for exam-
ple about 0.5 mm. The second portion 11 is electrically
connected to the second terminal 6b.
[0029] With reference to the preferred embodiment
shown in Figure 5, the second portion 11 comprises at
least a first branch 11a having an elongated, preferably
approximately rectangular shape. Preferably, the first
rectangular branch 11a extends immediately alongside

the side 10a of the first portion 10, without any electrical
connection thereto. Preferably, in the example illustrated,
the first branch 11a extends over the supporting base 5
adjacent and parallel to the side/edge 5a of the support-
ing base 5.
[0030] The Applicant has found that the first elongated
branch 11a of the second portion 11 placed alongside
the first portion 10 conveniently allows for the creation of
a low frequency resonance at, for example, below 1GHz.
[0031] With reference to the preferred embodiment
shown in Figures 2 and 5-7, the dipole antenna electrical
circuit 7 further comprises at least one plate-shaped el-
ement 12 made of electrically conductive material lying
on a plane transverse to the placement plane of the sup-
porting base 5. The plate-shaped element 12 is electri-
cally connected to the first branch 11a of the second por-
tion 11. According to a preferred embodiment shown in
Figure 5, the plate-shaped element 12 is positioned on
the surface of the supporting base 5 in a position adja-
cent/alongside the side 10a of the first portion 10 so as
to form a capacitive antenna coupling between the first
portion 10 and the second portion 11.
[0032] The Applicant has found that the capacitive cou-
pling between the two portions 10 and 11 obtained by
means of the plate-shaped element 12 has a technical
effect of broadening the first two resonances of the dipole
created by the dipole electrical circuit 7, one towards the
other. The low-frequency resonance is broadened up-
ward, and the highfrequency is broadened downward.
[0033] In other words, the Applicant has found that the
capacitive coupling created by means of the plate-
shaped element 12 connected electrically with the sec-
ond portion 11, has the technical effect of increasing the
maximum frequency of the low frequency band, and, at
the same time, reducing the minimum frequency of the
high frequency band until a union between the two bands
is obtained.
[0034] Figure 16 shows a graph of the total antenna
efficiency, while Figure 17 is a graph of the antenna return
loss wherein: the curve RL1 shows the return loss (in the
y-axis) of the dipole electrical circuit 7 in the different
frequency bands (shown in the x-axis); the curve RL2
shows the return loss of a different circuit configuration
of a test dipole electrical circuit (not illustrated) that differs
from the dipole electrical circuit 7 in that it is devoid of
the plate-shaped element 12; the curve RL3 shows the
return loss of a different circuit configuration of a dipole
electrical circuit (not illustrated) that differs from the di-
pole electrical circuit 7 in that it lacks both the plate-
shaped element 12 and the capacitive coupling between
the first portion 10 and the second portion 11.
[0035] In particular, in the graph in Figure 17, the grey
columns correspond to respective predefined frequency
bands associated with the 5G function, which are as fol-
lows: 617-960, 1427-1511, 1710-2170, 2496-2690,
3300-4200, 4400-5000 MHz.
[0036] From the comparison of the graphs RL1, RL2
and RL3, it is evident that the capacitive coupling be-
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tween the first 10 and the second portions 11 present in
the dipole electrical circuit 7 has the technical effect of
causing a reduction of the return loss within the frequency
band included between about 1427 and about 1511 MHz,
while the plate-shaped element 12 substantially miti-
gates the increase of return loss due to the capacitive
coupling itself in the frequencies included between about
2500 MHz and about 3300 MHz.
[0037] In the present case, the curve RL3 shown in
Figure 17 was obtained by the Applicant by means of a
first laboratory test performed on a first antenna circuit
configuration, in which the dipole antenna element (not
illustrated) differs from that shown in Figure 5 in that it is
devoid of both the plate-shaped element 12 and the ca-
pacitive coupling between the first 10 and the second
portions 11. The curve RL3 shows that the first configu-
ration presents a return loss exceeding -6 dB both in the
frequency range between about 700 MHz and about 960
MHz of the first band, and around about 1427 MHz of the
second band where the curve RL3 exceeds the maximum
allowed return loss threshold corresponding to -6 dB.
[0038] The curve RL2 is instead obtained by means of
a second laboratory test performed on a second antenna
circuit configuration, in which the dipole antenna element
differs from the one shown in Figure 5 in that it is devoid
of the plate-shaped element 12 but has the capacitive
coupling between the first 10 and the second portions
11. The curve RL2 is indicative of the fact that the effect
of the capacitive coupling between the first 10 and second
portions 11 of the second configuration is of conveniently
reducing the return loss in the first frequency band
617-960 MHz below the return loss threshold of -6 dB.
However, the second test shows that the capacitive cou-
pling between the first 10 and the second portion 11 also
results in an undesirable increase of the return loss in
the second band 1427-1511 MHz until exceeding the
-6dB threshold, and also minor increases (which however
remain below the threshold) in the first half of the third
band 1710-2000 MHz, in the fourth band 2496-2690 MHz
and at the beginning of the fifth band 3300 MHz.
The curve RL1 shown in Figure 17 is instead obtained
by means of a third laboratory test performed by the Ap-
plicant on the dipole antenna element of the present in-
vention made according to the embodiment shown in Fig-
ure 5 in which both the plate-shaped element 12 and the
capacitive coupling between the portions 10 and 11 are
provided.
The curve RL1 proves that the use of the plate-shaped
element 12 results in a substantial reduction of the return
loss in the critical frequency bands listed above and
therefore attenuates the effect caused by the capacitive
coupling of the portions 10 and 11, without altering the
improved effect obtained by the same in the first band
617-960 MHz.
The curve RL1 thus demonstrates that the technical ef-
fect obtained through the combined use of the plate-
shaped element 12 and the portions 10 and 11 is to
achieve a substantial reduction in return loss to values

that are below its maximum threshold of -6 dB in all five
frequency bands associated with 5G.
[0039] With reference to Figure 5, the first branch 11a
of the second portion 11 is shaped so as to present ap-
proximately centrally a widened portion 11ab, which ex-
tends over the surface of the supporting base 5 towards
the side 10a of the first portion 10 so as to form a central
segment of the first branch 11a broadened along the axis
A.
[0040] According to the embodiment shown in Figure
5, the portion 11ab has an approximately trapezoidal
shape. The distance between the side of the portion 11ab
facing the first portion 10 and the adjacent side 10a may
be conveniently between 0.2 mm and 0.7 mm, preferably
0.5 mm. The first branch 11a may have a length (meas-
ured transverse to the axis A) between about 27 and
about 29 mm, preferably about 28 mm.
[0041] The Applicant has found that the widened por-
tion 11ab allows a further increase of the capacitive cou-
pling between the second portion 11 and the first portion
10 and thus contributes to broadening the low frequency
bands towards the high frequency bands and vice versa.
Moreover, the widened portion 11ab allows the operation
of fixing the plate-shaped element 12 to the supporting
base 5 to be carried out, and the operation of electrically
connecting the same with the first branch 11a, by means
of a completely automatic process that carries out a sin-
gle welding operation of the plate-shaped element 12
directly on the conductive material of the first branch 11a.
[0042] With reference to the preferred embodiment
shown in Figure 5, the plate-shaped element 12 is formed
by a flat fin. The fin is approximately rectangular and is
rigidly connected to the supporting base 5. In the example
illustrated in Figures 5-7, the fin is placed approximately
orthogonal to the placement plane of the supporting base
5. In the example illustrated in Figure 5, the fin further
extends parallel to the extension direction of the first
branch 11a. The fin of the plate-shaped element 12 has
a straight edge or bottom side which is positioned in abut-
ment on the flat top surface of the first branch 11a of the
second portion 11 so as to be electrically connected
thereto.
[0043] It is understood that the present invention is not
limited to the positioning of the fin of the plate-shaped
element 12 on the surface of the first branch 11a, but
alternative solutions may be provided. According to an
alternative embodiment, the fin may be positioned resting
on the surface in electrically insulating material of the
supporting base 5, for example abutting against the side
5a, and be electrically connected with the first branch
11a via one or more wires or electrical tracks extending
over the supporting base 5 from the plate-shaped ele-
ment 12 to the first branch 11a. In this embodiment, the
first branch 11a of the second portion 11 may be devoid
of the widened portion 11ab, and the side 10a of the first
portion 10 may be brought close to the side 5a towards
the plate-shaped element 12 until it is positioned next to
the first branch 11a.
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[0044] In the example illustrated in Figures 5-7, the fin
of the plate-shaped element 12 is made of a preferably
rigid sheet of metallic material (e.g., copper or aluminium)
having along its lower edge one or more protruding fas-
teners S1 which are firmly/rigidly engaged in respective
slots/through-holes AS made on the supporting base 5
at the first branch 11a of the second portion 11. Prefer-
ably, the fin of the plate-shaped element 12 may have a
height (measured orthogonally to the supporting base 5)
of between about 7 and about 9 mm, preferably 8 mm.
[0045] With reference to the preferred embodiment
shown in Figure 5, the second portion 11 further com-
prises an approximately straight elongated second
branch 11b, preferably rectangular, extending over the
supporting base 5 from a first longitudinal end of the first
branch 11a towards the connector 6. The second branch
11b and the first branch 11a form an approximately L-
shaped electrical track. The second branch 11b extends
over the first surface of the supporting base 5 between
the side 10b and the side 5b in a direction approximately
parallel to the axis A, and is preferably positioned imme-
diately alongside the side 5b. The second branch 11b of
the second portion 11 has the end opposite the first
branch 11a electrically connected to the second terminal
6b. Preferably, the minimum distance (measured trans-
verse to the axis A) between the second branch 11b and
the side 10b of the first portion may be between about 1
and about 3 mm, preferably 2 mm.
[0046] According to the preferred embodiment shown
in Figure 5, the second portion 11 further comprises a
third, approximately straight elongated branch 11c ex-
tending over the supporting base 5 from a second longi-
tudinal end of the first branch 11a, in a direction approx-
imately parallel to the axis A and the second branch 11b,
towards the side 5d of the supporting base 5. The first
branch 11a, second branch 11b and third branch 11c
extend over the supporting base 5 so as to form an ap-
proximately U-shaped electrical track.
[0047] The third branch 11c extends over the support-
ing base 5 on the free surface between the side 10c and
the side 5c in a direction approximately parallel to the
axis A, and is preferably positioned immediately along-
side the side 5c. Preferably, the minimum distance
(measured transverse to the axis A) between the third
branch 11c and the side 10c of the first portion 10 may
be between about 1 and about 3 mm preferably 2 mm.
[0048] The third branch 11c may further be sized such
that its length (measured parallel to the axis A) approxi-
mates by default approximately the length of the side 5c.
For example, the third branch 11c may have a length
between about 51 and about 53 mm, preferably about
52 mm.
[0049] According to the preferred embodiment shown
in Figure 5, the second portion 11 further comprises a
fourth approximately straight elongated branch 11d, ex-
tending on said supporting base 5 from a second longi-
tudinal end of the third branch 11c, in a direction approx-
imately transverse to the axis A, towards the side 5b.

Preferably, the first branch 11a, the second branch 11b,
the third branch 11c and the fourth branch 11d extend
over the supporting base 5 so as to form an approximately
rectangular electrical track.
[0050] The fourth branch 11d extends over the sup-
porting base 5 in a direction approximately orthogonal to
the axis A on the first free surface between the side 10d
and the side 5d, and is preferably positioned immediately
adjacent to the side 5d. Preferably, the minimum distance
(measured parallel to the axis A) between the fourth
branch 11d and the side 10d of the first portion 10 is
greater than about 5 mm.
[0051] The fourth branch 11d may further be sized
such that its length orthogonal to the axis A is less than
the length of the side 5d. For example, the fourth branch
11d may have a length of between about 20 and about
21 mm, preferably about 20.5 mm.
[0052] The Applicant has found that the branches 11b,
11c and 11d connected to the branch 11a elongate the
portion 11 such that the low frequency band is obtained.
[0053] The Applicant has further found that the total
length of the second portion 11 in the configuration com-
prising the first 11a, second 11b, third 11c and fourth
branch 11d may advantageously be equal to about one-
quarter 1/4 of the wavelength (lambda/4). For example,
the total length of the second portion 11 in the configu-
ration comprising the first 11a, the second 11b, the third
11c and the fourth branch 11d may be about 13 cm.
[0054] With reference to the preferred embodiment
shown in Figure 5, the first portion 10 may be shaped to
comprise an elongated, preferably rectangular, approx-
imately straight connection branch 10k extending over
the supporting base 5 from the side 10b of the first portion
10 approximately transverse to the axis A towards the
side 5b of the supporting base 5 and having its free lon-
gitudinal end electrically connected to the first terminal
6a.
[0055] With reference to the preferred embodiment
shown in Figure 5, the second portion 11 may further
preferably comprise an elongated, approximately
straight connection branch 11x extending over the sup-
porting base 5 immediately alongside and parallel to the
connection branch 10k of the first portion 10, without be-
ing in electrical contact therewith. In the example illus-
trated, the connection branch 11x is approximately rec-
tangular in shape, extends approximately transverse to
the axis A, and connects the second longitudinal end of
the second branch 11b to the second terminal 6b of the
connector 6. Preferably, the electrical connection be-
tween the second terminal 6b and the connection branch
11x may be made via one or more connection pins 13
that rigidly engage in respective holes/openings made
through the connection branch 11x and the underlying
supporting base 5.
[0056] With reference to the preferred embodiment
shown in Figure 5, the dipole antenna electrical circuit 7
may further comprise a third portion 15 made of electri-
cally conductive material which is positioned on the sup-
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porting base 5 coplanar thereto approximately alongside
the connection branch 10k of the first portion 10 and is
electrically connected to the second terminal 6b. In the
example illustrated, the third portion 15 is sized and struc-
tured to match the impedance in the higher frequency
bands (e.g., 3.3GHz-4.2GHz, 4.4GHz-5GHz).
[0057] According to an embodiment shown in Figure
5, the third portion 15 comprises a branch extending over
the supporting base 5 so as to approximately form a T.
Preferably, the branch of the third portion 15 comprises
a first segment 15a extending straight alongside and par-
allel to the connection branch 10k of the first portion 10
from the side opposite the connection branch 11x of the
second portion 10. The third portion branch 15 further
comprises a second segment 15b, which extends over
the supporting base 5 orthogonal to the first segment 15a
in a direction opposite to the straight connection branch
11x of the second portion 11. In the example illustrated,
the second segment 15b of the third portion branch 15
extends approximately next to/adjacent to the side 5b so
as to extend towards the side 5d. Preferably, the second
segment 15b of the third portion 15 has a length (parallel
to the axis A) between about 9 mm and about 11 mm,
preferably 10 mm.
[0058] Preferably, the electrical connection between
the second terminal 6b and the branch of the third portion
15 may be made through one or more connection points
14 that rigidly engage in respective holes/openings pref-
erably made through the first segment 15a and the un-
derlying supporting base 5.
[0059] Preferably, the dipole antenna electrical circuit
7 of the antenna device 1 made according to the above
description is suitable for optionally communicating in the
following frequency bands associated with the 5G func-
tion: 617-960 MHz, 1427-1511 MHz, 1710-2170 MHz,
2300-2400 MHz, 2496-2690 MHz, 3300-4200 MHz,
4400-5000MHz.
[0060] The Applicant has found it particularly advanta-
geous to use the dipole antenna electrical circuit 7 of the
antenna device 1 made as described above to carry out
telephone communications.
[0061] In more detail, the Applicant has found that the
antenna device 1, due to the presence of the plate-
shaped element 12, has extremely small dimensions that
allow it to be applied/installed in a vehicle dashboard.
[0062] Thanks to the configuration described above, it
is possible to adapt the bandwidth, on the one hand, with-
out affecting the compactness of the antenna device and,
on the other, without the aid of a concentrated component
adaptation network that would lead to the introduction of
undesirable losses and costs.
[0063] Lastly it is clear that modifications may be made
to, and variants derived from, the antenna device de-
scribed and illustrated herein while remaining within the
protective scope of the present invention, as defined by
the appended claims.
[0064] The embodiment shown in Figures 8 and 9 re-
lates to an antenna device 20, which is similar to the

antenna device 1 (shown in Figure 2), the constituent
parts of which will be denoted, where possible, with the
same reference numbers denoting corresponding parts
of the antenna device 1.
[0065] The antenna device 20 differs from the antenna
device 1 in that the plate-shaped element 12 is formed
by a fin comprising a sheet folded into an L-shape. The
plate-shaped element 12 has a first rectangular portion
extending cantilevered from the supporting base 5 and
lying on a plane approximately orthogonal thereto, and
a second rectangular portion extending cantilevered from
the upper end of the first rectangular portion so as to
extend above the supporting base 5 towards the side 10a
and lying on a plane approximately parallel to the sup-
porting base 5.
[0066] The embodiment shown in Figures 10 and 11
relates to an antenna device 30, which is similar to the
antenna device 1 (shown in Figure 2), the constituent
parts of which will be denoted, where possible, with the
same reference numbers denoting corresponding parts
of the antenna device 1.
[0067] The antenna device 30 differs from the antenna
device 1 in that the plate-shaped element 12 is made of
a sheet folded at three points, along axes orthogonal to
the supporting base, so as to form a substantially rectan-
gular frame preferably open at one vertex. The frame has
four walls 12a, 12b, 12c and 12d which are positioned at
the sides 5a, 5b, 5c and 5d parallel thereto and extend
cantilevered from the supporting base 5 so as to be ap-
proximately orthogonal to said supporting base 5. The
walls 12a, 12b, 12c and 12d are preferably positioned
with their lower sides resting on the branches 11a, 11b,
11c and 11d respectively.
[0068] The embodiment shown in Figures 12 and 13
relates to an antenna device 40, which is similar to the
antenna device 1 (shown in Figure 2), the constituent
parts of which will be denoted, where possible, with the
same reference numbers denoting corresponding parts
of the antenna device 1.
[0069] The antenna device 40 differs from the antenna
device 1 in that it comprises a pair of dipole electrical
circuits 41 positioned on the same supporting base 42
side by side.
[0070] According to the embodiment shown in Figures
12 and 13, the supporting base 42 is substantially rec-
tangular and is sized to include the two dipole electrical
circuits 41 side by side.
[0071] The supporting base 42 has a reference axis B
and four sides indicated in Figures 12 and 13 as 42a,
42b, 42c. The mutually opposite sides 42a and 42d are
parallel to each other and to the axis B, the mutually op-
posite sides 42c are parallel to each other and orthogonal
to the axis B. The two dipole electrical circuits 41 are
positioned on the supporting base 42 in such a way as
to present the first sides 11a of the second portions fac-
ing/adjacent to the side 42a. Preferably, the first side 11a
of a dipole electrical circuit 41 may be substantially par-
allel and aligned (coaxial) with the first side 11a of the
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other dipole electrical circuit 41.
[0072] The two dipole electrical circuits 41 are further
arranged on the supporting base 42 in such a way as to
present the plate-shaped elements 12 facing/adjacent to
the side 42a. Preferably, the plate-shaped element 12 of
the dipole electrical circuit 41 may be substantially par-
allel and coplanar to the plate-shaped element 12 of the
other dipole electrical circuit 41.
[0073] The two dipole electrical circuits 41 are also ar-
ranged on the supporting base 42 in such a way as to
present the third branches 11c adjacent to the corre-
sponding two sides 41c opposite each other and trans-
verse to the axis B.
[0074] The two dipole electrical circuits 41 are also ar-
ranged on the supporting base 42 in such a way as to
present the fourth branches 11d adjacent to the side 42b.
Preferably, the fourth branch 11d of a dipole electrical
circuit 41 may be parallel to and aligned with the fourth
branch 11d of the other dipole electrical circuit 41.
[0075] The two dipole electrical circuits 41 are further
arranged on the supporting base 42 such that the second
branches 11b face and are parallel to each other in the
central surface portion of the supporting base 42 at a
given distance from each other. This distance may de-
pend on the size of electronic components (not shown)
centrally arranged on the supporting base 42.
[0076] According to the embodiment shown in Figures
12 and 13, the third portion 15 of each of the two dipole
electrical circuits 41 has the segment 15b which extends
parallel to the midplane V and has an end electrically
connected to the end of the connection branch 11x ad-
jacent to the midplane V.
[0077] According to the embodiment shown in Figures
12 and 13, the third portion 15 of each of the two dipole
electrical circuits 41 further has the segment 15a which
is connected to an intermediate segment of an inner side
of the segment 15a and has a polygonal shape extending
over the supporting base 42 towards the portion 10 such
that it has a series of inner sides adjacent to the sides of
the portion 10.
[0078] According to the embodiment shown in Figures
12 and 13, each of the two dipole electrical circuits 41
has a first terminal 6a, which is positioned approximately
at the end portion of the connection branch 10k facing
the midplane V and is connected to a pole of the
waveguide CV associated with the antenna signal.
[0079] According to the embodiment shown in Figures
12 and 13, each of the two dipole electrical circuits 41
has the second terminal 6b which is positioned in the
third portion 15, preferably at an area of the portion 15b
adjacent to the first terminal 6a.
[0080] The Applicant has found this configuration to be
particularly advantageous since, on the one hand, it in-
tegrates two dipole electronic circuits, thus greatly limit-
ing their overall dimensions and making it possible to
offer, in the passenger compartment of the vehicle, two
telephone communication systems independent of each
other and, on the other hand, it allows the two waveguides

CV to be arranged side by side. In the example illustrated
in Figures 12 and 13, the two waveguides CV are side-
by-side and parallel to each other and extend such that
they cross the same side 42b of the supporting base 42.
[0081] The embodiment shown in Figures 14 and 15
relates to an antenna device 50, which is similar to the
antenna device 40 (shown in Figures 12 and 13), the
constituent parts of which will be denoted, where possi-
ble, with the same reference numbers denoting corre-
sponding parts of the antenna device 1.
[0082] The antenna device 50 differs from the antenna
device 40 in that one of the two dipole electrical circuits
indicated by reference numeral 51 (positioned on the
right in Figure 15) is positioned on the supporting base
42 so that it has a first terminal 6a and a second terminal
6b at the side 42c.
[0083] According to the embodiment shown in Figures
14 and 15, the first terminal 6a and the second terminal
6b of the dipole electrical circuit 51 are positioned on a
side 42c and are connected to the first 6a and second
terminal 6b.
[0084] According to the embodiment shown in Figures
14 and 15, the first portion 10 and the second portion 11
of the dipole electrical circuit 51 are identical to the first
portion 10 and the second portion 11 of the dipole elec-
trical circuit 7 shown in Figure 5.
[0085] The Applicant has found this configuration to be
particularly advantageous since, on the one hand, it in-
tegrates two dipole electronic circuits, thus greatly limit-
ing their overall dimensions and making it possible to
offer, in the passenger compartment of the vehicle, two
telephone communication systems independent of each
other, and on the other hand, it allows the two waveguides
CV to be arranged on two sides orthogonal to the sup-
porting base 5.

Claims

1. A 5G dipole antenna device (1) comprising:

a flat plate-shaped supporting base (5) made of
electrically insulating material,
a first terminal (6a) designed to provide an an-
tenna signal, and a second terminal (6b) set at
a pre-established reference potential,
and at least one dipole antenna electrical circuit
(7) comprising:

at least a first flat portion (10) made of elec-
trically conductive material which is ar-
ranged on said supporting base (5) copla-
nar to the same and is electrically connected
to said first terminal (6a), said first portion
(10) having an approximately polygonal
shape,
at least one second flat portion (11) made
of electrically conductive material which is
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arranged on said supporting base (5) copla-
nar to the same so as to be electrically in-
sulated from the first portion (10) and is elec-
trically connected to said second terminal
(6b), said second portion (11) comprising at
least one first branch (11a) having an elon-
gated shape which extends immediately
alongside a first side (10a) of said first por-
tion (10), and
at least one plate-shaped element (12)
made of electrically conductive material that
lies on a plane transverse to the placement
plane of said supporting base (5) and is
electrically connected to said first branch
(11a) of said second portion (11), said plate-
shaped element (12) being adjacent to said
first side (10a) of said first portion (10) and
forms, with said first adjacent side (10a) of
said first portion (10), a capacitive antenna
element.

2. The dipole antenna device according to claim 1,
wherein said first branch (11a) of said second portion
(11) has a widened portion (11ab) which extends on
said supporting base (5) towards said first side (10a)
of the first portion (10) and is shaped so as to have
an approximately rectilinear inner edge arranged
facing and adjacent to said first side (10a) of said
first portion (10).

3. The dipole antenna device according to any one of
the preceding claims, wherein said first branch (11a)
of said second portion (11) is rectilinear, said plate-
shaped element (12) has an approximately rectan-
gular shape and is firmly connected to said support-
ing base (5) so as to be arranged approximately or-
thogonal to the supporting base (5) and parallel to
said first branch (11a) of said second portion (11),
said plate-shaped element (12) has a lower side ar-
ranged in abutment on said first branch (11a) of said
second portion (11) so as to be electrically in contact
and connected with the same.

4. The dipole antenna device according to any one of
the preceding claims, wherein said supporting base
(5) has a longitudinal axis (A), has an approximately
rectangular shape and has an approximately recti-
linear side edge (5a) adjacent and parallel to said
first branch (11a) of said second portion (11).

5. The dipole antenna device according to claim 4,
wherein said second flat portion (11) has a second
branch (11b) having an approximately rectilinear
elongated shape which extends over said supporting
base (5) parallel to said longitudinal axis (A) from a
first end of the first branch (11a) so as to form an
approximately L-shaped electrical track with the
same; said second branch (11b) electrically con-

nects said first branch (11a) to said second terminal
(6b) .

6. The dipole antenna device according to claim 5,
wherein said second portion (11) has a third branch
(11c) having an approximately rectilinear elongated
shape that extends over said supporting base (5)
from a second end of the first branch (11a), opposite
to said first end, along a direction approximately par-
allel to said longitudinal axis (A) so as to form an
approximately U-shaped electrical track with said
first branch and said second branch.

7. The dipole antenna device according to claim 6,
wherein said second flat portion (11) has a fourth
branch (11d) having an approximately rectilinear
elongated shape which extends over said supporting
base (5) from an end of the third branch (11c) oppo-
site to that of the latter connected with the first branch
(11a), along a direction approximately orthogonal to
said longitudinal axis (A) so as to form, with the first
(11a), second (11b) and third (11c) branches, an ap-
proximately rectangular shaped electrical track.

8. The dipole antenna device according to any one of
the preceding claims, wherein said first flat portion
(10) is approximately rectangular.

9. The dipole antenna device according to any one of
the preceding claims, wherein said plate-shaped el-
ement (12) is arranged adjacent to a first side (5a)
of said supporting base (5), said first terminal (6a)
and said second terminal (6b) are arranged adjacent
to a second side (5b) of said supporting base (5)
orthogonal to said first side (5a) of said supporting
base (5).

10. The dipole antenna device according to claim 9,
wherein said first flat portion (10) comprises a recti-
linear connection branch (10K) having an elongated
rectangular shape which extends rectilinearly over
said supporting base (5) from a second side (10b)
of the first flat portion (10) approximately transverse
to said first side (10a) towards said second side (5b)
of said supporting base (5) and is electrically con-
nected to said first terminal (6a).

11. The dipole antenna device according to claim 10,
wherein said second portion (11) comprises an ap-
proximately rectilinear elongated shaped connection
branch which extends over said supporting base (5)
immediately alongside and parallel to said rectilinear
connection branch (10K) of the first portion (10) and
is connected to said second terminal (6b) .

12. The dipole antenna device according to claim 11,
comprising a third portion (15) made of electrically
conductive material which is arranged over said sup-
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porting base (5) coplanar to the same and is electri-
cally connected to said second terminal (6b), said
third portion (15) has an approximately T-shape
wherein a first segment (15a) extends rectilinearly
alongside and parallel to said rectilinear connection
branch (10K) of the first portion (10) from the oppo-
site side with respect to the connection branch (11X)
of said second portion (11), and a second segment
(15b) which extends over the supporting base (5)
orthogonal to said longitudinal axis (A) in an opposite
direction to the rectilinear connection branch (10K)
of said first portion (10) .

13. The dipole antenna device according to any one of
the preceding claims, wherein said dipole antenna
electrical circuit is designed to operate in one or more
of the following frequency bands: 617-960 MHz,
1427-1511 MHz, 1710-2170 MHz, 2300-2400 MHz,
2496-2690 MHz, 3300-4200 MHz, 4400-5000MHz.

14. The dipole antenna device according to any one of
the preceding claims, wherein said dipole antenna
electrical circuit (7) corresponds to a dipole antenna
electrical circuit for a telephone.

15. The dipole antenna device according to any one of
the preceding claims, wherein said plate-shaped el-
ement (12) comprises a flat sheet.

16. The dipole antenna device according to any one of
the claims from 1 to 15, wherein said plate-shaped
element (12) comprises a sheet folded in an L-shape.

17. The dipole antenna device according to any one of
the preceding claims comprising:
at least two dipole antenna electrical circuits (7)
which are arranged over said supporting base (5)
approximately one beside the other and each com-
prises:

a first flat portion (10) made of electrically con-
ductive material which is arranged over said
supporting base (5) coplanar to the same and
is electrically connected to the relative first ter-
minal (6a), said first portion (10) having an ap-
proximately polygonal shape,
a second flat portion (11) made of electrically
conductive material, which is arranged on said
supporting base (5) coplanar to the same so as
to be electrically insulated from the first portion
(10) and is electrically connected to the relative
second terminal (6b), said second portion (11)
comprising at least one first branch (11a) having
an elongated shape which extends immediately
alongside a first side (10a) of the first portion
(10),
a plate-shaped element (12) made of electrically
conductive material that lies on a plane trans-

verse to the placement plane of said supporting
base (5) and is electrically connected to said first
branch (11a) of said second portion (11), said
plate-shaped element (12) is adjacent to said
first side of said first portion (10) and forms, with
the first adjacent side of said first portion (10), a
capacitive antenna element.

18. The dipole antenna device according to claim 17,
wherein the two dipole antenna electrical circuits are
arranged on said supporting base so as to mirror one
another with respect to a vertical midplane (V) that
extends at the centre towards said supporting base
(5).

19. The dipole antenna device according to claim 18,
wherein the two dipole antenna electrical circuits are
arranged on said supporting base so as to each have
the first terminal (6a) and the second terminal (6b)
alongside and adjacent to said vertical midplane (V).

20. The dipole antenna device according to claim 17,
wherein the two dipole antenna electrical circuits are
arranged on said supporting base so that the first
terminal (6a) and the second terminal (6b) of a dipole
antenna electrical circuit are arranged adjacent to a
first side of the supporting base, and wherein the first
terminal (6a) and the second terminal (6b) of the oth-
er dipole antenna electrical circuit are arranged ad-
jacent to a second side of the supporting base or-
thogonal to said first side of the supporting base.
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