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(54) Vehicle antenna array

(57)  Amotorvehicle (A) antenna array (1), of the kind
coupled with a substantially flat dielectric system (2),
comprising: a first plurality of mutually interconnected
electrically conductive elements (3) coupled with a feed-
ing source (4); a second plurality of electrically conduc-
tive elements (5), each connected with a pair of conduc-
tors of the first plurality of conductive elements (3) to form
a composite structure in which one or more substantially

polygonal shapes are defined; a feeding element (6) ca-
pacitively coupled with the first and second conductive
elements (3, 5). The feeding element (6) comprises two
or more extraction points of the radiofrequency signals
(10, 11) that the antenna array (1) is able to receive. The
extraction points (10, 11) are mutually spaced according
to a distance substantially equivalent to the half of one
of the wavelength related to the radiofrequency signals
that said antenna array (1) is able to receive.
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Description

[0001] The presentinvention is about a vehicle anten-
na array suitable in particular to be installed on the rear
window of said vehicle to receive radio waves.

[0002] It is known that there is the need to equip the
vehicles with antennas able to receive radio waves re-
lated to radiofrequency signals of different applications
like, for instance, mobile telephony, FM radio, AM radio,
satellite navigation systems and other signals, including
television signals.

[0003] Concerningthe FM radio, a particular reception
technique called "phase diversity", which is explained
hereinafter, is also known.

[0004] The radio wave transmitted by the transmitting
station reaches the receiving antenna through a path
having numerous obstacles, represented by buildings
and orographic obstacles like hills or mountains.

[0005] Each of said obstacles has also the effect to
deviate the radio waves that hit it.

[0006] The final result is that the receiving antenna is
hit by numerous radio waves emitted by the same source
and containing the same information, but coming from
different directions and in different times.

[0007] Such phenomenon causes the inconvenience
of a quality worsening of the received radio signals.
[0008] To overcome said inconvenience, the afore-
mentioned "phase diversity" technique has been intro-
duced, in which two receiving antennas are used, and a
phase displacement and attenuation between the two or
more received signals are subsequently dynamically in-
troduced, so that the resulting signal is qualitatively bet-
ter.

[0009] For this purpose, the use of two or more mutu-
ally spaced antennas, whose distance is equal to half the
wavelengths of the radio wave band that the antenna is
able to receive resulted to be optimal.

[0010] A proper circuit, belonging to the electronic cir-
cuit processing the received radio signals, provides for
properly combining the two signals to obtain a better qual-
ity signal.

[0011] In particular, it is evident that the "phase diver-
sity" technique simultaneously uses more receiving an-
tennas whose received radiofrequency signals are add-
ed in order to obtain a better resulting signal.

[0012] Such technique, therefore, is different from an-
other technique called "scan diversity", an example of
which is described in the Patent JP 58070645, according
to which more antennas are used, but they are not simul-
taneously working.

[0013] Indeed, with the "scan diversity" technique a
proper electronic circuit provides to select the antenna
which receives the best radiofrequency signal.

[0014] It is known that a kind of vehicle antennas be-
longing to the prior art provides for the utilization of a
plurality of conductors disposed on a dielectric material
surface, said surface generally consisting of the rear win-
dow of the vehicle.
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[0015] Itis also known that a plurality of strips of con-
ductive material, generally mutually parallel and short-
circuited at their ends, is applied on the rear window of
the vehicle and it is connected to the starter battery of
said vehicle.

[0016] In this way, a heater for glass defrosting or de-
fogging, i.e. a heated rear window, is obtained.

[0017] Obviously, this function requires that the heated
rear window covers the greatest part of the window sur-
face, thus leaving a few space for an antenna.

[0018] A solution of this problem, due to the coexist-
ence of the antenna and the heated rear window in the
same glass, provides for the disposition of conductive
elements orthogonal to the heated rear window conduc-
tors, said conductive elements interconnecting unipoten-
tial points so that the defrosting current distribution is not
altered.

[0019] Inthis case, the advantage that the heated rear
window acts as a metallic surface able to receive radiof-
requency waves is obtained.

[0020] A particular example of such a kind of antennas
is described in US Patent no. 6,693,597 B2, where the
antenna consists of a plurality of conductors, orthogonal-
ly disposed with respect to the heated rear window con-
ductors and defining a substantially polygonal shape.
[0021] Inthis case, the extraction of the received radio
waves takes place according to two possible ways:

- usinganadditional conductive element, called "feed-
er" or "feed", capacitively coupled with the heated
rear window and galvanically coupled with the elec-
tronic device using it;

- throughagalvanic electric connection with said heat-
ed rear window, this solution being generally used
at least in the "phase diversity" application due to
the need of space to be interposed between the ex-
traction points of the received radio waves.

[0022] All the antennas of the kind described so far
and belonging to the prior art have an acknowledged in-
convenience.

[0023] In particular, the heated rear window causes
low frequency noises on the antenna affecting, in an ir-
remediable way in some cases, the correct reception of
the AM band signals.

[0024] As previously mentioned, the heated rear win-
dow is electrically connected to the motor vehicle starter
battery, and this connection causes a lot of low frequency
noises due to other car devices.

[0025] Such inconvenience is particularly relevant for
the extraction of AM band radiofrequency signals from
the antenna through a direct electric connection.

[0026] To minimize these effects, there are arrange-
ments which provide for the insertion of low frequency
filters between the battery and the heated rear window,
but with the disadvantage to increase the manufacturing
costs.

[0027] Itis an object of the present invention to over-
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come the aforementioned inconveniences and disadvan-
tages.

[0028] In particular, it is an object of the present inven-
tion to provide for an antenna array for a vehicle rear
window which also includes the heated rear window,
without the need to add filters between the feeding circuit
and said heated rear window.

[0029] It is another object of the present invention to
provide for an antenna array for a vehicle rear window
which allows to implement the "phase diversity" tech-
nique.

[0030] The above mentioned objects are attained by
a motor vehicle antenna array of the kind coupled with a
substantially flat dielectric system which, according to
the content of the main claim, comprises:

- afirstplurality of mutually interconnected conductive
elements coupled with a feeding source;

- asecond plurality of conductive elements, each con-
nected with at least a pair of conductors of said first
plurality of conductive elements to form a composite
structure in which one or more substantially polygo-
nal shapes are defined;

- afeeding element capacitively coupled with said first
and second conductive elements,

and it is characterized in that said feeding element com-
prises two or more extraction points of the radiofrequency
signals that said antenna array is able to receive, at least
two of said extraction points being mutually spaced ac-
cording to a distance substantially equivalent to the half
of one of the wavelength related to the radiofrequency
signals that said antenna array is able to receive.
[0031] According to the invention, the dielectric ele-
ment is the motor vehicle rear window, and the conduc-
tors belonging to the first plurality of conductive elements
are arranged substantially parallel to each other to form
the heating elements of the heated rear window.

[0032] The feeder is substantially parallel disposed
with respect to the first conductive elements and itis sep-
arated therefrom.

[0033] Advantageously,the feeder capacitive coupling
with the heated rear window and the disposition of the
extraction points of the radiofrequency signal received
on said feeder allow to solve the aforementioned incon-
venience of the presence of low frequency noises which
occur for signal extraction points galvanically connected
to the heated rear window.

[0034] The above mentioned objects will be better
highlighted in the description of preferred embodiments
of the invention, given in an explanatory but not limiting
way, with reference to the figures of the annexed draw-
ings, wherein:

- Figure 1is an axonometric view of the antenna array
according to the invention; and

- Figure 2 schematically shows a utilization example
of the antenna array according to the invention.
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[0035] The vehicle antenna array of the invention is
shown in Figure 1, where it is generally indicated with
numeral 1 and where one can see that it is supported on
a substantially flat dielectric element 2 and it comprises
a first plurality of generally mutually parallel electrically
conductive elements 3, interconnected at their heads and
coupled with a feeding source 4.

[0036] A second plurality of electrically conductive el-
ements 5 is furthermore present, each of them being dis-
posed between a pair of conductive elements belonging
to the first plurality 3.

[0037] A feeding element 6 of radiofrequency signals
coming from the antenna 1 is another component of the
antenna array of the invention.

[0038] According to the invention, the feeding element
6, which is capacitively coupled with the first and second
plurality of conductive elements 3 and 5, is provided with
two extraction points 10, 11 of radiofrequency signals,
mutually spaced according to a distance substantially
equivalent to the half of one of the wavelength related to
the radiofrequency signals that the antenna array 1 is
able to receive.

[0039] In different executive embodiments, not shown
herein, the extraction points are more than two, and they
are mutually spaced according to distances independent
from the wavelength of the radio waves related to the
radiofrequency signals that the antenna array is able to
receive.

[0040] Concerning the dielectric element 2, in the pre-
ferred executive embodiment shown in Figure 2 it is the
rear window of a motor vehicle A.

[0041] Concerning the conductors of the first plurality
of conductive elements 3, in the preferred executive em-
bodiment they consist of strips of conductive materials,
supported on the rear window 2 of the motor vehicle A
and able to perform the function of heated rear window.
[0042] For this purpose, the short circuited ends of all
the conductive elements belonging to the first plurality of
conductive elements 3 are electrically connected to a
feeding source 4 which, in the preferred executive em-
bodiment, is the starter battery of the motor vehicle A.
[0043] Concerning the conductive elements of the sec-
ond plurality of conductive elements 5, in the preferred
executive embodiment they consist of a strip of conduc-
tive material supported on the rear window 2 of the motor
vehicle A.

[0044] Each of said conductive elements of the second
plurality of conductive elements 5 is disposed between
a pair of conductive elements belonging to the first plu-
rality of conductive elements 3 and they form, together
with said conductive elements belonging to the first plu-
rality of conductive elements 3, a composite structure 20
in which substantially polygonal shapes are obtained.
[0045] It should be pointed out that this executive em-
bodiment is given in an explanatory but not limiting way
to describe the invention.

[0046] Indeed, other executive embodiments, neither
shown nor described herein, could be introduced, for in-
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stance providing for more complex and asymmetrically
disposed polygonal shapes.

[0047] Concerning the feeding element 6, as previous-
ly mentioned, it is provided with two signal extraction
points 10, 11; said extraction points 10, 11 are mutually
spaced according to a distance substantially equal to the
half of one of the wavelength of the radio waves related
to the radiofrequency signal that the antenna array 1 is
able to receive.

[0048] It is made of conductive material and, in the
preferred executive embodiment, it consists of conduc-
tive material strips laid down on the surface of the rear
window 2 of the motor vehicle A.

[0049] Said conductive material strips are parallelly
and closely disposed with respect to the conductive ele-
ments belonging to the first plurality of conductive ele-
ments 3 in order to form a capacitive coupling.

[0050] Concerning the extraction points 10, 11 cited
so far, they are electrically connected to an electronic
device 15 processing the signals through the interposi-
tion of an amplifier 16, both these devices being placed
inside the motor vehicle A.

[0051] In the preferred executive embodiment, the
electronic device 15 comprises, among others, an elec-
tronic circuit for performing the aforementioned "phase
diversity" function.

[0052] In different executive embodiments, the ampli-
fier is not present and the extraction points are directly
connected to the signal processing electronic device.
[0053] Inaddition to said circuit, a circuit for processing
radio signals related to the AM radio and a circuit for
processing radio signals related to the FM radio are fur-
thermore present in the electronic device 15.

[0054] In different executive embodiments, electronic
circuits for the satellite navigation system, mobile teleph-
ony or television signal are also or alternatively connect-
ed to the antenna array of the invention.

[0055] In further different executive embodiments, not
shown and not described hereby, the conductive ele-
ments and the feeding element consist of conductive fil-
aments embedded in the dielectric.

[0056] Operatively, as previously mentioned, the an-
tenna array 1 of the invention is applied on the rear win-
dow 2 of the motor vehicle A and, in operative conditions,
it also performs the function of heated rear window 2 for
the motor vehicle A.

[0057] Anyway, it performs the common functions of
an antenna array.

[0058] Any radio wave hitting the surface of the rear
window 2, and thus the conductive elements 3, 5 belong-
ing to the antenna array 1 too, generates currents in said
conductive elements 3, 5 which, in case of electromag-
netic waves having a wavelength in accordance with the
antenna array 1 structure, are of a considerable value.
[0059] A global current is thus generated, able to be
extracted from said antenna array 1 and to be sent to the
amplifier 16 and from here to the electronic device 15
processing the received signals.
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[0060] The extraction takes place through the feeding
element 6.
[0061] Since said feeding element 6 is separated from

the first and second plurality of conductive elements 3,
5 and it is capacitively coupled therewith, the advantage
thatthe radio signals extracted in this way are not affected
by the low frequency noises typical of the signal extrac-
tion points galvanically connected to a heated rear win-
dow is thus obtained.

[0062] Furthermore, since the extraction points 10, 11
are mutually spaced according to a distance substantially
equivalent to the half of one of the wavelength of the FM
band received signals, the antenna array of the invention
advantageously allows to optimise the reception of said
signals through the "phase diversity" technique.

[0063] The signals extracted from the feeder 6 are sent
to the electronic device 15 which processes them by
means of the two extraction points 10, 11 electrically con-
nected to said electronic device 15 through the interpo-
sition of the amplifier 16.

[0064] On the basis of the aforesaid description, the
vehicle antenna array of the invention achieves all the
intended objects.

[0065] In particular, an antenna array for a motor ve-
hicle rear window has been provided, being coexistent
with the heated rear window without requiring to add low
frequency filters between the heated rear window feeding
and said heated rear window.

[0066] Furthermore, an antenna array for a motor ve-
hicle rear window has been provided, allowing to imple-
ment the "phase diversity" technique.

[0067] In the executive stage, further executive varia-
tions, although not described and not shown in the draw-
ings, to the vehicle antenna array of the invention could
be provided but, if they fall within the scope of protection
of the following claims, they should all be intended as
protected by the present patent.

Claims

1. A motor vehicle (A) antenna array (1), of the kind
coupled with a substantially flat dielectric system (2),
comprising:

- afirst plurality of mutually interconnected elec-
trically conductive elements (3) coupled with a
feeding source (4);

- a second plurality of electrically conductive el-
ements (5), each connected with at least a pair
of conductors of said first plurality of conductive
elements (3) to form a composite structure in
which one or more substantially polygonal
shapes are defined; and

- afeeding element (6) capacitively coupled with
saidfirstand second conductive elements (3, 5),

characterized in that said feeding element (6) com-
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prises two or more extraction points of the radiofre-
quency signals (10, 11) that said antenna array (1)
is able toreceive, atleast two of said extraction points
(10, 11) being mutually spaced according to a dis-
tance substantially equivalent to the half of one of
the wavelength related to the radiofrequency signals
that said antenna array (1) is able to receive.

The antenna array (1) according to claim 1), char-
acterized in that said at least two extraction points
(10, 11) are coupled with an electronic circuit which
performs the "phase diversity" function.

The antenna array (1) according to claim 1), char-
acterized in that at least one of said extraction
points (10, 11) is coupled with an electronic circuit
processing the radiofrequency signals related to the
AM radio.

The antenna array (1) according to claim 1), char-
acterized in that said dielectric element (2) is the
rear window of the motor vehicle (A).

The antenna array (1) according to claim 1), char-
acterized in that said conductors belonging to said
first plurality of conductive elements (3) are arranged
substantially parallel to each other.

The antenna array (1) according to claim 1), char-
acterized in that said feeding element (6) is made
of an electrically conductive material.

The antenna array (1) according to claim 1), char-
acterized in that said feeding element (6) define a
longitudinal axis substantially parallel to the longitu-
dinal axis defined by said first plurality of conductive
elements (3).

The antenna array (1) according to claim 1), char-
acterized in that said first (3) and said second (5)
plurality of conductive elements and said feeding el-
ement (6) consist of strips of conductive material
supported on one of said dielectric element (2) sur-
faces.

The antenna array (1) according to claim 1), char-
acterized in that said first (3) and said second (5)
plurality of conductive elements and said feeding el-
ement (6) consist of filaments of conductive material
embedded in said dielectric element (2).

The antenna array (1) according to claim 1), char-
acterized in that said antenna array (1) is coupled
with an electronic device (15) processing the radiof-
requency signals received by said antenna array (1).

The antenna array (1) according to claim 10), char-
acterized in that said antenna array (1) is coupled
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12.

13.

14.

with said electronic device (15) through the interpo-
sition of an amplifier (16).

The antenna array (1) according to claim 10), char-
acterized in that said electronic device (15) belongs
to the electronic device group comprising one or
more electronic circuits for processing radiofrequen-
cy signals related to AM radio, FM radio, satellite
navigation systems, mobile telephony, television sig-
nals and their combination.

The antenna array (1) according to claim 1), char-
acterized in that said first plurality of conductive
elements (3) forms the heated rear window of said
vehicle (A).

The antenna array (1) according to claim 1), char-
acterized in that said feeding source (5) is the start-
er battery of said vehicle (A).
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