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(54) A passive wirelike structure for increasing the gain of a window antenna

(57) A passive wirelike structure for increasing the
gain of a window antenna (8) for vehicles provided with
a window glass (1) on which the antenna (8) is applied,
comprising at least one conductive wirelike segment (4a
- 4d, 6a - 6d) constituted by metallic tracks, arranged on
the window glass (1) provided with the antenna (8) and

connected to the metallic chassis (2) delimiting the win-
dow; said at least one conductive wirelike segment (4a
- 4d, 6a - 6d) having a length substantially equal to a
quarter of the working wavelength of the antenna (8) and
being arranged between said antenna (8) and the me-
tallic border of the chassis (2) delimiting the window
glass (1).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a passive
wirelike structure for increasing the gain of a window an-
tenna for automotive vehicles.
[0002] More particularly the present invention relates
to a passive wirelike structure for increasing the gain of
a window antenna for automotive vehicles, particularly
suitable for antennas integrated on small windows, such
as a side window glass, or on a small portion of large
windows such as some no-metalized zones of the wind-
screen having thin metalization.
[0003] The passive wirelike structure having metallic
segments of the present invention, allows to integrate
an AM-FM reception antenna on available free spaces
having dimensions smaller than those necessary for
other embodiments. This is due to the fact that the so-
lution of the present invention is able to reduce, for the
frequencies relative to the FM reception, the negative
influence generally carried out by the surrounding metal
body on the antenna gain.

DESCRIPTION OF THE PRIOR ART

[0004] U.S. Patent No. 5,510,804 discloses an anten-
na based upon a dipole configuration and so typically it
requires more available space to be performed than an
equivalent monopole antenna. Moreover, the shape of
the antenna in said patent is not optimized for reducing
the space requirements. So it is not suitable for being
implemented as an FM antenna in small glasses but it
is particularly applicable for a passive remote entry sys-
tem.
[0005] U.S. Patent Nos. 5,905,470 and 6,437,749 dis-
close an antenna for AM and FM reception suitable for
being attached to a vehicle side window glass and char-
acterised by an S-shaped pattern. In U.S. Patent No.
5,905,470 the problem of the effects of the vehicle body
on antenna gain is marginally covered and it is explained
that such an antenna is to be conformed to the window
shape on which it is applied so that some parts of the
antenna itself are disposed along the peripheral edges
of the window glass. In this way the reception gain is not
lowered by the influence of the vehicle metal body. How-
ever, the degree of freedom in the definition and optimi-
sation of the antenna is very limited.
[0006] Moreover, the antennas described in U.S. Pat-
ent Nos. 5,905,470 and No. 6,437,749 are realized on
a window glass significantly greater (surface more than
3 times) than those where the antenna of this present
invention related to and for which is particularly useful.
In fact in U.S. Patent No. 5,905,470 the glass having a
length of 630mm and an height of 430-450mm is dis-
closed; while, the structure given as an example in the
present invention is realized on a window having:
410mm height and from 140mm (top) to 260mm (bot-

tom) wide.
[0007] By reducing significantly glass dimensions the
negative effect of the vehicle metal body on the antenna
gain becomes greater and is evident without using
shrewdness.
[0008] U.S. Patent No. 6,369,767 discloses an FM an-
tenna characterised by dimensions that can be consid-
ered compatible with those to which the present inven-
tion relates to. The structure of the antenna disclosed in
this patent, however, doesn't have any optimization in
order to avoid reduction of the gain by the interaction
with the surrounding metal body. Moreover, it requires
an additional wire in order to receive the AM signal be-
cause the FM antenna is a loop antenna and its ground-
ing on one side is not compatible with the receiving of
AM signals.

SUMMARY OF THE INVENTION

[0009] The object of the present invention is to solve
the above drawbacks.
[0010] More particular, the object of the present inven-
tion is to provide a AM-FM antenna having improved
performances when located on small window.
[0011] A further object of the present invention is to
provide an AM-FM antenna which can also be used for
other applications with different operative frequencies,
like GSM (Global System Mobile) telephone antennas
placed on a conductive windscreen within a small non-
conductive area.
[0012] A further object of the present invention is to
provide an AM-FM antenna suitable to be integrated an
a free space smaller than those necessary for other so-
lution as being able to reduce for FM waves the negative
influence carried out by the surrounding metal body on
the antenna gain.
[0013] According to the present invention these and
other objects, which will result from the following de-
scription, are achieved by a passive wirelike structure
comprising at least one conductive wirelike segment
constituted by metallic tracks, arranged on the window
glass provided with the antenna and connected to the
metallic chassis delimiting the window; said at least one
conductive wirelike segment having a length substan-
tially equal to one quarter of the working wavelength of
the antenna and being arranged between said antenna
and the metallic border of the metallic chassis delimiting
the window glass.
[0014] It has been found, in fact, that the passive wire-
like structure improves the gain of the antenna by
changing the intrinsic resonance of the window.
[0015] By the passive wirelike structure of the present
invention the influence of the metal body on the antenna
gain is reduced. Moreover, it is possible to use as an-
tenna a monopole structure optimised to be small, for
example, by using a fractal shaped profile.
[0016] The passive wirelike structure is completely
separated from the antenna giving more degree of free-
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dom in the definition and optimisation of the antenna that
best cover the required specifications.
[0017] Without the passive wirelike structure of the
present invention, antennas placed in a window with di-
mensions (height and/or width or perimeter) in the range
of the used wavelength or smaller, have a gain which is
strongly affected by the interaction with the conductive
chassis. Typically this interaction reduces significantly
the performance of the antenna compared with those
achievable by the same antenna in a free space envi-
ronment.
[0018] According to the present invention the wirelike
passive structure is placed between the antenna and the
edge of the conductive chassis delimiting the window
glass and connected to this one so that it changes the
interaction between the antenna and the surrounding
metal body.
[0019] The wirelike structure is connected to the con-
ductive chassis either by a direct connection at one end
of the wire segment, or by an electromagnetic coupling
with the wire segments placed parallel to the edge of the
conductive chassis delimiting the window glass.
[0020] The wirelike structure is connected to the an-
tenna by the wire segment next to the antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In order to fully understand the present inven-
tion, it will be herein below described with reference to
the figures of the enclosed drawings which relate to
some embodiments illustrating but not limiting the
present invention, and wherein:

Figure 1 represents the prospective view of a side
window of a vehicle with a segmented line or fractal
shaped profile antenna combined with a passive
wirelike structure consisting of metal segments, ac-
cording to the present invention;

Figures 2 and 3 represent the prospective views of
different types of antennas applied on side window
glasses, having reduced surface, of automotive ve-
hicles, combined with the same type of passive
wirelike structure of figure 1, according to the
present invention;

Figure 4 illustrates a variation of the passive wirelike
structure according to the present invention, used
for a different action and a different gain control on
an antenna;

Figure 5 shows a passive wirelike structure accord-
ing to the present invention, arranged on a vehicle
windscreen, and

Figure 6 shows a passive wirelike structure accord-
ing to the present invention, arranged on a rear win-
dow of a vehicle.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0022] The wirelike passive structure of the present
invention is particularly useful to increase the perform-
ances of FM antennas when they are integrated on
small windows of vehicles.
[0023] Moreover, said passive wirelike structure can
be used for applications with different operative frequen-
cies such as GSM (Global System Mobile) telephone
antennas placed on a conductive windscreen with a thin
metallization for an IR reflecting layer and a small non-
conductive area.
[0024] More generally, the passive wirelike structure
of the present invention can be used when the antenna
which is integrated in a non-conductive area surrounded
by a conductive one having an intrinsic resonance
(which is substantially determined by the perimeter of
the non-conductive area) close to the operative frequen-
cy of the antenna.
[0025] According to the invention, at least one passive
wirelike structure made with metallic tracks (for example
with a cross section or a width comprised between 0.1
mm and 15 mm) is placed, together with an antenna 8,
on a glass 1, particularly a small one, of a vehicle win-
dow. This passive wirelike structure improves the per-
formances of the antenna 8 as for gain, modifying the
intrinsic resonance of the chassis 2 surrounding the
space occupied by the glass 1.
[0026] The passive wirelike structure/s made with
metal tracks is/are placed on the window glass upon
which an antenna 8 is placed between the same anten-
na and the conductive borders of the chassis 2; the
structures are electrically connected to these borders in
such a way to change the electromagnetic interaction
between the antenna and the surrounding metallic
structure.
[0027] According to the invention, each passive wire-
like structure is coupled with the chassis 2 in two ways:
by a direct connection 3, 5 to each side of the wirelike
segment 4a, 6a, or by an electromagnetic coupling with
segments 4d, 6d which are parallely placed to the con-
ductive border of the chassis. The structure is also cou-
pled to the antenna 8 with the segments 4b, 6b which
are closest to it.
[0028] These three kinds of couplings modify the in-
teraction between the antenna 8 and the metallic part of
the chassis 2 of vehicles and increase the corrisponding
gain of the same antenna.
[0029] The function of the passive wirelike structure
is maximized when the segments are oriented in such
a way that the connection point to the chassis 3, 5 is on
the opposite side of the feeding end 7 of the antenna 8,
with respect to the passive segments of the invention.
[0030] The resonant frequency of the antenna is close
to the intrinsic resonance frequency of the window, that
is bound to its perimeter.
[0031] In order to modify the effects of the window on
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the gain of the antenna, the present invention is used
by integrating, for example, two wirelike passive struc-
tures, a first wirelike passive structure 4a - 4d and a sec-
ond wirelike passive structure 6a - 6d, on the same win-
dow glass (1). The wire segments of said structures are
folded in order to be resonant on a frequency very close
to that of the antenna. In this way the radio frequency
currents of the border of the window are turned off from
flowing all around the window 1 and are, instead, driven
on the added wirelike passive structure. In such a man-
ner, the intrinsic resonance frequency of the total struc-
ture composed by the metallic border around the win-
dow plus the wirelike passive structure of the present
invention, is different from those of the metallic border
alone. The resulted combinations of all the currents,
flowing on the antenna and on the surrounding metal
parts, bring to a more efficient radiation.
[0032] The first segment 4a of the first folded wirelike
passive structure at the left side of the antenna is con-
nected at its free end 3 to the conductive chassis 2
around the window 1. The second segment 4b and the
fourth segment 4d of the first folded wirelike passive
structure are parallel to the border of the window and
connected between them by a segment 4c . The fourth
segment 4d, which is the end of the wire, is placed be-
tween the second segment 4b and the border. The
length of the fourth wire segment 4d is shorter than that
of the second wire segment 4b and the ratio between
the lengths of segments helps to control the influence
of the folded wirelike passive structure to the antenna
and especially to the gain of the antenna. The total
length of the folded wire consisting of all four segments
4a - 4d is round about one quarter of the used wave-
length.
[0033] In conclusion, the folded wirelike passive
structure of the present invention consists of four seg-
ments produced by metallic tracks having a cross sec-
tion or width comprised between 0.1 and 15 mm: a first
conductive wire segment 4a connected, in correspond-
ence of an end 3, to the metallic border of the chassis
2 near the window glass 1; a second wire conductive
segment 4b connected to the first wire segment 4a and
arranged parallel to the next edge of the window 1, the
length of this second wire segment 4b being comprised
between about one octave and about one quarter of the
working wavelength of the antenna 8; a third wire seg-
ment 4c connecting said second wire segment 4b with
a fourth wire segment 4d, this latter fourth wire segment
arranged parallely to the second segment 4b and be-
tween the next edge of the window 1 and said second
wire segment 4b; the length of said fourth wire segment
4d being variable to obtain a total length of the four seg-
ments 4a - 4d equal to about a quarter of the working
wavelength of the antenna 8. The lengths of the first 4a,
the third 4c and/or the fourth 4d wire segments may be
zero when the length of the second wire segment 4b is
one quarter of the working wavelength of the antenna 8.
[0034] The second folded wirelike passive structure

6a - 6d at the other side of the antenna 8 is connected
at its end 5 to the conductive chassis of the vehicle. The
constituting wire segments 6a - 6d are folded as the wire
segments 4a - 4d of the first folded wirelike passive
structure so that the fourth segment 6d is placed be-
tween the second segment 6b and the border of the win-
dow 1 at this side of the window.
[0035] The length of the first folded wirelike passive
structure 4a - 4d can be different from the length of the
second folded wire like passive structure 6a - 6d to get
a wide band adaptation of the antenna maintaining a
high gain level.
[0036] The connections at the end 3, 5 between the
first segment 4a, 6a of each wirelike folded passive
structure and the metallic conductive chassis 2 can be
a direct (mechanical) connection. Otherwise an indirect
connection is possible by using a capacitive coupling
between the first segments 4a and/or 6a and the chassis
2.
[0037] Figure 2 and 3 show different types of antenna
structures 8 applied on a side glass of a vehicle window
combined with the same kind of the folded wirelike pas-
sive structure 4a - 4d and 6a - 6d of the present inven-
tion. The feeding points of the antennas 8 in both figures
are in correspondence of one end 7.
[0038] Figure 4 illustrates a variation of the folded
wirelike passive structure of the present invention for a
different adjustment to the antenna 8 and a different
control of the gain. The total length of the wire from the
connection point 3 or 5 to the end of the wire is tuned to
a length round about a quarter of the used wavelength.
The different lengths of the fourth 4d, 6d and of the sec-
ond 4b, 6b wire segments of the folded wirelike structure
are bound to the used antenna 8 and to the distance
between the antenna and the folded wirelike passive
structure. The ratio between the length of these both
segments controls the strength of the coupling between
the antenna 8, the folded wirelike passive structures 4a
- 4d, 6a - 6d and the conductive chassis 2 around the
window glass 1.
[0039] Dependent from the available space, it is pos-
sible to use a wirelike passive structure where the third
and fourth segments 4c, 4d and/or 6c, 6d are completely
removed and the passive wirelike structure of the
present invention is only constituted by the first and sec-
ond wire segments 4a, 4b and/or 6a, 6b.
[0040] A further possible condition, which depends on
the space and/or the shape of the window glass 1, con-
sists in that the second segment 4b and/or 6b and the
fourth segment 4d and/or 6d are not parallel to the bor-
der of the window glass 1 and/or are not parallel be-
tween them, but the fourth segment 4d and/or 6d is ar-
ranged between the border of the window glass 1 and
the second segment 4b and/or 6b.
[0041] Moreover, the number of the used wirelike pas-
sive structures 4a -4d , 6a - 6d is variable in function of
the available space of the window glass 1 and of the
antenna type.
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[0042] Figure 5 shows another application where the
wirelike passive structure of the present invention is
useful to improve the quality of an antenna. The constel-
lation shown in figure 5 is a windscreen 9 with a reflect-
ing layer able to screen the IR frequencies over nearly
the whole area of the window. The IR reflecting layer is
constituted by a conductive metallic layer, which ex-
tends on all the surface of the windscreen except a lim-
ited zone for the application of the antenna 8 without
interferring with the function of the antenna. In order to
reduce the size of this blank area without affecting the
antenna performance, the structure of the present in-
vention can be used to reduce the coupling effects be-
tween the antenna and the IR reflecting layer 9. The wire
segments 4 and 6 are connected to the reflecting layer
9 either directly or using a capacitive coupling.
[0043] The lengths of the wire segments 4 and 6 are
also approximately equal to a quarter of the used wave-
length of the antenna and are placed with the same cri-
teria of those illustrated in figs. 1 -4.
[0044] The folded wirelike passive structure of the
present invention can also be placed on the rear window
having an IR reflecting layer 9 to improve the perform-
ance of an antenna like shown in figure 6.
[0045] Depending from the necessary bandwidth any
variation of the number and orientation of the segments
forming the wirelike passive structure of the present in-
vention is possible.
[0046] It is noted that the total length of the wirelike
passive structure 4a - 4d and/or 6a - 6d of the present
invention depends from the dielectric characteristics of
the window glass 1 on which they are mounted as well
as from other optional dielectric materials arranged near
said wirelike passive structure.
[0047] Although the present invention has been de-
scribed and illustrated in connection with some specific
embodiments, given only for illustrative but not limitating
purpose, it is evident that many alternatives and varia-
tions will be apparent to those skilled in the art in light
of the foregoing description. Accordingly, the invention
is intended to embrace all the alternatives and variations
that fall within the scope of the appended claims.

Claims

1. A passive wirelike structure for increasing the gain
of a window antenna (8) for vehicles provided with
a window glass (1) on which the antenna (8) is ap-
plied, characterised in that said passive wirelike
structure comprises at least one conductive wirelike
segment (4a - 4d, 6a - 6d) constituted by metallic
tracks, arranged on the window glass (1) provided
with the antenna (8) and connected to the metallic
chassis (2) delimiting the window; said at least one
conductive wirelike segment (4a - 4d, 6a - 6d) hav-
ing a length substantially equal to a quarter of the
working wavelength of the antenna (8) and being

arranged between said antenna (8) and the metallic
border of the chassis (2) delimiting the window
glass (1).

2. The passive wirelike structure according to claim 1,
wherein one end (3, 5) of the wire segment (4a, 6a)
is connected to the conductive chassis by a direct
connection.

3. The passive wirelike structure according to claim 1,
wherein said structure is connected to the conduc-
tive chassis by an electromagnetic coupling with the
wire segments placed parallel to the edge of the
conductive chassis delimiting the window glass (1).

4. The passive wirelike structure according to anyone
of the preceding claims, characterised in that it is
the integration on the same window glass (1) of two
wirelike passive structures, a first wirelike passive
structure (4a - 4d) and a second wirelike passive
structure (6a - 6d).

5. The passive wirelike structure according to anyone
of the preceding claims, characterised in that the
wire segments (4a - 4d, 6a - 6d) are folded.

6. The passive wirelike structure according to anyone
of the preceding claims, characterised in that it is
constituted by two wire segments: a first (4a, 6a)
and a second wire segments (4b, 6b).

7. The passive wirelike structure according to anyone
of the preceding claims from 1 to 5, characterised
in that it is constituted by four wire segments: a first
wire conductive segment (4a, 6a) connected, in cor-
respondence of en end (3, 5), to the metallic border
of the chassis (2) near the window glass (1); a sec-
ond conductive wire segment (4b, 6b)) connected
to the first segment (4a, 6a) and arranged parallel
to the next edge of the window (1); and a third seg-
ment (4c, 6c) connecting said second wire segment
(4b, 6b) with a fourth segment (4d, 6d), this latter
wire segment being arranged parallelly to the sec-
ond wire segment (4b, 6b) and between the next
edge of the window (1) and said second wire seg-
ment (4b, 6b).

8. The passive wirelike structure according to claim 7,
characterised in that the lengths of the fourth (4d,
6d) and of the second (4b, 6b) wire segments de-
pend on the used antenna (8) and to the distance
from the antenna (8); . the length of the fourth wire
segment (4d) being shorter than that of the second
wire segment (4b).

9. The passive wirelike structure according to claim 7
or 8, characterised in that the second wire seg-
ment (4b, 6b) has a length comprised between
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about an octave and about a quarter of the working
wavelength of the antenna (8), and the fourth wire
segment (4d, 6d) has a length variable to obtain a
total length of the four segments (4a - 4d, 6a - 6d);
the lengths of the first (4a), the third (4c) and/or the
fourth (4d) wire segments is zero when the length
of the second wire segment (4b) is one quarter of
the working wavelength of the antenna (8).

10. The passive wirelike structure according to claim 8,
characterised in that the first segment (4a, 6a) is
connected to the metallic conductive chassis (2) by
a capacitive coupling.

11. The passive wirelike structure according to anyone
of the preceding claims, characterised in that an
IR reflecting layer (9) able to screen the IR frequen-
cies and constituted by a conductive metallic layer
extends on all the surface of the windscreen except
a limited zone for the application of the antenna (8)
and the wire segments are connected to said re-
flecting layer 9.

12. The passive wirelike structure according to claim
11, characterised in that the IR reflecting layer (9)
is applied on the rear window.
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