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Description

[0001] The present invention generally relates to antennas for wireless communications, and more specifically, to the
improvement of isolation between antennas in multi-antenna devices and systems.

BACKGROUND OF THE INVENTION

[0002] In recent years, intense research efforts have been developed in the field of antennas as a response to an
increasing demand for multi-frequency antenna structures, such as MIMO (Multiple-Input Multiple-Output) antennas and
diversity antennas systems, which can be easily integrated in communication devices of compact size for wireless
communication.
[0003] It is known that the integration of multiple antennas in structures of compact size poses several challenges in
antenna circuit design as each antenna element is required to provide a good performance within the frequency band
of interest while having a reduced electromagnetic coupling with the other antenna elements. When resonating at the
frequency of interest, each antenna element induces an electromagnetic resonance field around itself that may interfere
with the resonance field generated by other antenna elements located nearby. Further, current distributions may be
induced in the ground plane shared by the multiple antennas, in particular around the feed points of the antennas, which
also reduce antenna to antenna isolation.
[0004] Several approaches for reducing the electromagnetic coupling between antennas integrated in a same multi-
antenna device have been put forward.
[0005] It is well known that the electromagnetic coupling between two antennas decreases with an increase in the
separation distance between them. Figure 1 shows a conventional antenna system 100 having two parallel antenna
elements 110 and 120 of the known monopole type, which are arranged at a separation distance d over a common
ground plane 130. The monopole antennas 110 and 120 are mounted on the plastics 160 and 170. Each one of the
antenna elements 110 and 120 has its own feed point 140 and 150 for receiving and/or transmitting communication
signals from and/or to respective signal feed lines (not shown).
[0006] The analysis of the port-to-port isolation parameter S21, S12 for each antenna as a function of frequency
provides an indication of the power received at one antenna with respect to the power input to the other antenna, and
therefore, on the antenna to antenna isolation. As an example, Figure 2 shows simulation results of the isolation parameter
S21 characteristics obtained for the antenna structure 100 at several separation distances dy and for the frequency
range 0.5 GHz to 1.0 GHz. As shown in Figure 2, the isolation parameter S21 decreases with the increase in the
separation distance d between monopoles. At a separation distance of dy = 40 mm, the isolation parameter S21 reaches
a value of about - 6dB within the frequency range 0.80 GHz to 0.84 GHz. An isolation value S21 of less than - 6 dB is
obtained for all frequencies between 0.5 GHz and 1.0 GHz at larger separation distances. In contrast, at separation
distances of 30 mm, 20 mm and 10 mm, the values of the isolation parameter S21 are well above - 6 dB within the same
frequency range. Thus, depending on the dimension limits imposed on the multi-antenna structure and the desired
frequency range for communications, the maximization of the separation gap between antenna elements may not be
sufficient for achieving the desired antenna to antenna isolation in the frequency range of interest.
[0007] Figure 3 shows another conventional antenna system 300 having a monopole antenna 310 and an inverted L-
antenna 320 that share a common ground plane 330. The monopole antenna 310 and the inverted L-antenna 320 are
mounted on the plastics 360 and 370. The monopole antenna 310 is directly connected to a feed point 340. The inverted
L-antenna 320 is connected to a feed element 350 that includes a shunt inductor (not shown) for providing a good
antenna matching and improving antenna to antenna isolation.
[0008] Figure 4 depicts simulation characteristics of the isolation parameters S21 and S12 between the monopole
antenna 310 and the inverted L-antenna 320 matched with an ideal shunt inductor for a spacing d between antennas
of 40 mm and frequencies between 0.5 GHz and 1.0 GHz. Also represented are simulation characteristics of the return
loss parameters S11 and S22 for the monopole antenna 310 and the inverted L-antenna 320, respectively. As shown
in Figure 4, the isolation parameters S12 and S21 reach values of about - 6.5 dB at 0.8 GHz. In addition, a frequency
band with a return loss parameter S22 of less than - 5 dB is obtained for frequencies between 0.789 GHz and 0.817
GHz, which corresponds to a bandwidth of about 29 MHz. Within this frequency range, the return loss parameter S11
is about - 6.5 dB. It is very close to - 6 dB from the conventional monopole antenna system 100. Moreover, a little
improvement of the conventional antenna system 300 in isolation parameters S12 and S21 is partly due to the poor
return loss parameters S11 of the antenna system 300. Therefore, the antenna system 300 could not be used to improve
the antenna to antenna isolation.
[0009] Other techniques based on the addition of the isolation elements have been proposed. For instance, United
States Patent No. 7,525,502 B2 describes a method for improving isolation between a main antenna (e.g., a GSM
antenna) and a further antenna (e.g., a WLAN antenna) in an electronic communication device by providing a floating
parasitic element that is placed between the two antennas for providing an isolation from electro-magnetically coupled
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currents between these two antennas in a ground plane. The two antennas are connected to the ground plane whereas
the parasitic element is floating and electrically isolated from the ground plane. In order to improve isolation in the
frequency range of interest, i.e., in the 1900 MHz band, the known method requires that the length of the floating parasitic
element be a half wavelength at the frequency of interest. This means using a floating parasitic element of at least 15
cm length for communications at 1 GHz. Thus, this technique compromises the miniaturization of multi-antenna structures,
at least for multi-antenna structures intended for operation at frequencies below 1 GHz.
[0010] Thus, there is a need for alternative multi-antenna structures with improved antenna to antenna isolation while
offering good performance in the frequency band of interest and which are compatible with the demand for miniaturization
of wireless communication devices.
[0011] Patent application publication US 2008/0165063 A1 relates to handheld electronic devices that contain wireless
communications circuitry having at least first and second antennas. An antenna isolation element reduces signal inter-
ference between the antennas, so that the antennas may be used in close proximity to each other. A planar ground
element may be used as a ground by the first and second antennas. The first antenna may be formed using a hybrid
planar-inverted-F and slot arrangement in which a planar resonating element is located above a rectangular slot in the
planar ground element. The second antenna may be formed from an L-shaped strip. The planar resonating element of
the first antenna may have first and second arms. The first arm may resonate at a common frequency with the second
antenna and may serve as the isolation element. The second arm may resonate at approximately the same frequency
as the slot portion of the hybrid antenna.
[0012] Published European patent application EP 1 315 238 A2 relates to an arrangement for enhancing electrical
isolation between antennas in antenna structures comprising at least two antennas, and a radio device applying the
arrangement. To enhance antenna isolation, the interfering antenna includes components causing substantial degra-
dation in the radiation characteristics in the operating band of another antenna. For example, a PIFA may include, instead
of a short-circuit conductor, a conductive structure having a parallel resonance in the operating band of another antenna.
Mutual interference of radio parts using separate antennas can be made relatively small without electrical isolation
arrangements between antenna elements.
[0013] Published European patent application EP 2 466 683 (A1) relates to an antenna for MIMO communications
that includes a ground plane having a planar surface, a first feeding patch spaced apart from and parallel to the ground
plane, and a first parasitic patch spaced apart from and parallel to the first feeding patch. The antenna further includes
a second feeding patch spaced apart from and parallel to the ground plane and disposed adjacent the first feeding patch,
and a second parasitic patch spaced apart from and parallel to the second feeding patch. The first parasitic patch may
be capacitively coupled to the first feeding patch, and the second parasitic patch may be capacitively coupled to the
second feeding patch. The ground plane may include an isolation notch therein arranged between the first and second
feeding patches.

SUMMARY OF THE INVENTION

[0014] The present invention has been made in view of the above-mentioned drawbacks and disadvantages of existing
systems, and an object thereof is to provide an antenna assembly having a plurality of antennas with improved antenna
to antenna isolation while offering good performance in the frequency band(s) of interest and which are compatible with
the demand for miniaturization of wireless communication devices.
[0015] This object is solved by the present invention as defined by the subject matter of the independent claim.
Advantageous embodiments are defined by the subject matter of the dependent claims.
[0016] According to an illustrative example for understanding the present invention, it is provided an antenna assembly,
comprising: a first antenna adapted to operate at a first frequency; and a second antenna adapted to operate at a second
frequency, the second antenna comprising: a resonance element adapted to resonate at said second frequency; and a
capacitive coupling element adapted to feed an input signal to the resonance element of the second antenna via capacitive
coupling for creating a resonance at said second frequency while causing reduced interference with the first antenna.
[0017] In a further development, the antenna assembly comprises a ground plane, wherein the first antenna comprises:
a resonance element adapted to resonate at the first frequency, the resonance element being electrically connected to
a first feed point.
[0018] In a further development, the first frequency and the second frequency are substantially the same and/or within
a desired frequency band for communications.
[0019] In a further development, the resonance element of the second antenna is electrically connected to ground
and the capacitive coupling element is electrically connected to a second feed point.
[0020] In a further development, the resonance element of the first antenna and the resonance element of the second
antenna are arranged so as to lie on different planes substantially perpendicular to each other.
[0021] In a further development, the resonance element of the first antenna includes a resonance arm that extends
along a first axis substantially perpendicular to the ground plane.
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[0022] In a further development, the resonance element of the second antenna includes a resonance arm that extends
along a second axis that is substantially parallel to the ground plane.
[0023] In a further development, the capacitive coupling element is a conductor element having an inverted L-shape
with first and second arms, the first arm being substantially perpendicular to the second arm, the capacitive coupling
element being arranged such that the second arm is substantially parallel to the resonance arm of the second antenna.
[0024] In a further development, the second arm of the capacitive coupling element and the resonance element of the
second antenna are not arranged along a common axis.
[0025] In a further development, the second arm of the capacitive coupling element has a length such that the second
arm does not resonate at the second frequency.
[0026] In a further development, the first antenna, the resonance element and the capacitive coupling element of the
second antenna are arranged side by side and separated by respective gaps, the resonance element of the second
antenna being interposed between the capacitive coupling element and the first antenna.
[0027] In a further development, the second antenna further comprises: a second resonance element adapted to
resonate at a third frequency; wherein the second resonance element is electrically connected to ground, and the
capacitive coupling element is further adapted to feed input signals to the first and second resonance elements of the
second antenna via capacitive coupling for creating resonances at said second and third frequencies, respectively.
[0028] In a further development, the third frequency is different from the second frequency such that the second
antenna is operable as a dual-band antenna.
[0029] In a further development, the second resonance element includes a resonance arm that extends along a third
axis substantially parallel to the first resonance element of the second antenna.
[0030] In still a further development, the capacitive coupling element is interposed between the first and the second
resonance elements of the second antenna.
[0031] The accompanying drawings are incorporated into and form a part of the specification for the purpose of
explaining the principles of the invention. The drawings are not to be construed as limiting the invention to only the
illustrated and described examples of how the invention can be made and used. The drawings are merely for the purpose
of illustrating advantageous and/or alternative examples of how the invention can be implemented and used, and are
not to be construed as limiting the invention to only the illustrated embodiments. Furthermore, several aspects of the
embodiments may form, individually or in different combinations, solutions according to the present invention. The
following described embodiments thus can be considered either alone or in an arbitrary combination thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0032] Further features and advantages will become apparent from the following more particular description of the
various embodiments of the invention as illustrated in the accompanying drawings, in which alike references refer to
alike elements, and wherein:

Figure 1 shows a conventional antenna configuration having two monopole antennas arranged on a ground plane
and directly coupled to respective feed points;

Figure 2 depicts characteristics of the isolation parameter S21 between the monopole antennas shown in FIG. 1
for different separation distances between the two monopoles and within a frequency range of 0.5 to 1.0 GHz;

Figure 3 shows another conventional antenna configuration having a monopole antenna and an inverted L-antenna
matched with a shunt inductor (not shown);

Figure 4 shows characteristics of the return loss parameters (S11, S22) of the monopole antenna and the matched
inverted L-antenna shown in FIG. 3, respectively, and characteristics of the isolation parameters (S21, S12) between
the monopole antenna and the inverted L-antenna for a separation distance of 40 mm between antennas and a
frequency range of 0.5 - 1.0 GHz;

Fig. 5 shows a perspective view of an antenna assembly according to a first embodiment of the present invention;

Fig. 6 illustrates a side view of the antenna assembly shown in Fig. 5, when viewed along the X-axis of Fig. 5 and
from the side of the capacitive coupling element;

Fig. 7 shows characteristics of the return loss parameters (S11, S22) for the antenna assembly shown in Fig. 5,
and characteristics of the isolation parameters (S21, S12) between the two antennas;
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Fig. 8 shows a perspective view of an antenna assembly having first and second antennas according to a second
embodiment of the present invention;

Fig. 9 illustrates a side view of the antenna assembly shown in Fig. 8, when viewed along the X-axis of Fig. 8 and
from the side of the capacitive coupling element; and

Fig. 10 shows characteristics of the return loss parameters (S11, S22) for the antenna assembly shown in Fig. 8,
as well as characteristics of the isolation parameters (S21, S12) between the first antenna and second antenna.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Advantageous embodiments of an antenna assembly constituted according to the present invention will now
be described in further detail with reference to the accompanying drawings.
[0034] Figure 5 shows an antenna assembly 500 according to a first embodiment of the present invention. The antenna
structure 500 comprises a first antenna 505 and a second antenna 510 operable to perform communications at first and
second frequencies, respectively. In the present embodiment, the first and the second frequencies are substantially the
same and/or are within a desired frequency band for performing wireless communications. As shown in Fig. 5, the first
and second antennas are arranged at a predetermined distance d on a ground plane 515. The ground plane 515 is
represented in Fig. 5 as an infinite ground plane. In practice, the ground plane 515 may form part of a ground substrate,
a part of a casing device comprising the antenna assembly or of a vehicle roof in which the antenna assembly 500 is
installed, or the like. The first and second antennas 505 and 510 are preferably arranged on a same side of the ground
plane 515, which is shared by the two antennas 505 and 510. However, other arrangements may be envisaged in which
the first and the second antennas 505 and 510 are provided on separate ground substrates and/or arranged on opposite
sides of the ground substrate.
[0035] The first antenna 505 comprises a resonance element 520 adapted to resonate at the first frequency and/or
within a certain bandwidth about the first frequency. The resonance element 520 is electrically connected to a first feed
point 525, which provides a direct connection to a first feed transmission line 530 for transmitting communication signals
to/from the first antenna 505. The communication signals received from the first feed transmission line 530 for the first
antenna 505 are then directly fed to the resonance element 520.
[0036] In Fig. 5, the resonance element 520 is a resonance arm that extends upwards from the ground plane 515
along a first axis 535 that is substantially perpendicular to the ground plane 515 (i.e., parallel to the Z-axis shown in Fig.
5). The resonance arm 520 is directly connected to the feed point 525 at the end part close to the ground plane 515.
The resonance arm 520 may be provided as a flat strip of a conductor material, such as a metal, and may be deposited
or arranged over a dielectric plate 537, using techniques well known in the art, for providing additional support to the
resonance element 520. The length and width of the resonance arm 520 are selected based on the desired frequency
and/or frequency band for operation of the first antenna 505. For instance, a length of about or a little less than a quarter
of the wavelength corresponding to the operation frequency of interest and a width of a few mm may be used. In the
illustrated configuration, the first antenna 505 is an antenna of a monopole type. However, other types of antennas and
with other configurations may be used for the first antenna 505. Further, as it will be immediately realized by those skilled
in the art, the resonance element of the first antenna 505 may take forms and shapes other than the resonance arm
520 described above without departing from the principals of the present invention.
[0037] The second antenna 510 comprises a resonance element 540 adapted to resonate at the second frequency
and/or within a certain bandwidth about the second frequency, and a capacitive coupling element 550 for establishing
a capacitive coupling with the resonance arm 540. The capacitive coupling element 550 is directly connected to a second
feed point 555.
[0038] The input signals received at the second feed point 555 are then fed to the resonance element 540 via capacitive
coupling with the capacitive couple element 550. This allows creating a resonance on the resonance element 540 at
said second frequency while causing reduced interference with the first antenna 505. In the present embodiment, the
first and second frequencies are substantially the same and/or within a desired frequency range. However, the first and
the second antennas 505 and 510 may be designed so as to resonate at different frequencies without departing from
the principles of the present invention.
[0039] Referring to Fig. 5, the resonance element 540 is arranged on a plane substantially parallel to the ground plane
515, and at a given height h above the ground plane 515. In the illustrated embodiment, the resonance element 540 is
a resonance arm that extends along a second axis 545 that is substantially parallel to the ground plane (i.e., parallel to
the X-axis shown in Fig. 5) and located at a predetermined separation distance dy along the Y-direction from the first
antenna resonance element 520. The resonance arm 540 is electrically connected to ground (not shown), preferably,
at the end part that is opposed to the end close to the capacitive coupling element 550.
[0040] The capacitive coupling element 550 is arranged in the proximity of the resonance arm 540 and at a predeter-
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mined distance. In the illustrated embodiment, the capacitive coupling element 550 is a conductor element having an
inverted L-shape. The capacitive coupling element 550 may be formed from a strip of conductor material that is bent or
folded into the inverted L-shape. This inverted L-shape has a non-planar structure having first and second arms 565
and 570 that are connect to each other at substantially a right angle.
[0041] As shown in Fig. 5, the capacitive coupling element 550 is arranged close to the second antenna resonance
arm 540 and such that the second arm 570 of the inverted L-shape is oriented in parallel with the resonance arm 540.
The second arm 570 is preferably arranged on the same plane as the resonance arm 540 for improving the capacitive
coupling while reducing interference with the first antenna 505. However, other configurations may be envisaged. For
instance, the capacitive coupling element may be located at a height different from h, i.e., below or above the resonance
arm 540. The first arm 565 of the inverted L-shape extends downward from the second arm 570 towards the ground
plane 515 along the vertical direction (i.e., the Z-axis). The second feed point 555 is electrically connected to the end
part of the first arm 565 that is closer to the ground plane 515. The length of the first arm 565 substantially bridges the
vertical gap h between the second arm 570 and the ground plane 515. The length of the first arm 565, as well as the
height h of the vertical gap may be varied so as to tune the bandwidth and the capacitive coupling of the second antenna
510. The dimensions of the first arm 565, the second arm 570 and the horizontal gap between the resonance arm 540
and the capacitive coupling element 550 may be selected so as to provide the desired capacity feed for the second
antenna 510 while reducing interference with the first antenna 505. For instance, the length of the second arm 570 may
be shorter than the length of the resonance arm 540 of the second antenna 510 so as to ensure that the capacitive
coupling element 550 does not resonate itself at the operation frequencies of the second antenna 510. In the example
of Fig. 5, the length of the second arm 570 is about a third of the length of the resonance arm 540. Although in the
present embodiment, the capacitive coupling element 515 has been described as a folded strip with an inverted L-shape,
the capacitive coupling element 515 may be provided with other shapes and structures that are suitable for providing a
capacitive feed to the second antenna 510.
[0042] The resonance arm 540 and the second arm 570 of the capacitive coupling element 550 may be arranged over
a dielectric plate 575 for providing additional support, as shown in Fig. 5. In addition, a conducting plate 580 may be
provided over the ground plane 515 and below the dielectric plate 575. The feed points 525 and 555 are separated and
electrically isolated from the ground plane 515 as well as the conducting plate 580. In the illustrated embodiment, the
dielectric plate 575 and the conducting plate 580 are separated by a vertical air gap. However, other configurations may
be envisaged in which the dielectric plate 575 has a thickness that entirely or partially fills the vertical gap h between
the ground plane 515 and the resonance arm 540. The dielectric plate 575 and the conducting plate 580 are optional
features, and therefore, may be omitted.
[0043] Fig. 6 illustrates a side view of the antenna assembly 500, when viewed along the X-axis shown in Fig. 5 and
from the side of the capacitive coupling element 550. As described above, the first antenna resonance arm 520 and the
capacitive coupling element 550 are directly connected to respective feed transmission lines 530 and 560 via the first
and second feed points 525 and 555, respectively. The resonance arm 540 of the second antenna 510 is directly
connected to ground at the end opposed to the end close to the capacitive coupling element 550. Preferably, the capacitive
coupling element 550 and the second feed point 555 are provided at an end of the second antenna resonance arm 540
that is opposed to the end connected to ground. In addition, the capacitive coupling element 550 is arranged on a lateral
side of the resonance element 540 that is opposed to the lateral side facing the first antenna 505 so as to avoid elec-
tromagnetic coupling between the capacitive coupling element 550 and the first antenna 505. Therefore, the second
antenna resonance arm 540 is preferably interposed between the capacitive coupling element 550 and the first antenna
505.
[0044] As shown in Fig. 5, the first antenna resonance arm 520 and the second antenna resonance arm 540 lie on
different orthogonal planes, and are oriented relative to each other in such a manner that the first axis 535 and second
axis 540 do not cross nor overlap each other. In Fig. 5, the second axis 545 of the second antenna 510 is oriented
substantially at a right angle with respect to the first axis 535 of the first antenna 505 and in parallel to the flat surface
of the first antenna resonance arm 520. In addition, when viewed from the Y-axis, the first antenna resonance arm 520
is arranged at a position along the X-axis that overlaps with the second antenna resonance arm 540 at a part of the
resonance arm 540 distant from the capacitive coupling element 550. Such a relative arrangement of the first and second
antennas 505 and 510 allows reducing the overall size of the antenna assembly 500 while maximizing the separation
between the resonant elements. However, other arrangements or orientations may be envisaged depending on the
intended application and dimension requirements for the antenna assembly.
[0045] The improvement in antenna to antenna isolation for the antenna assembly 500 is illustrated in Figure 7. Fig.
7 shows simulated characteristics of the return loss parameters S11 and S22 of the first antenna 505 and the second
antenna 510 shown in Fig. 5, respectively, as well as the characteristics of the isolation parameters S21 and S12 between
the first antenna 505 and the second antenna 510. These characteristics were obtained for a separation distance of 40
mm between the first and the second antennas 505 and 510. As shown in Fig. 7, within the frequency range 0.80 GHz
to 0.83 GHz for which the return loss parameter S22 associated with the second antenna 510 falls below - 5dB, which
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corresponds to a bandwidth of about 30 MHz, the isolation parameters S12 and S21 are of about -10 dB . The return
loss parameter S11 for the first antenna 505 also falls below - 10 dB in this frequency range.
[0046] Thus, the capacitive feed of the second antenna 510 improves isolation between the first and second antennas
505 and 510 by several dBs for a spacing between the two antennas that is much smaller than a quarter of a wavelength
at the frequencies of interest (for. e.g., λ = 375 mm at 0.8 GHz).
[0047] An antenna assembly 800 according to a second embodiment of the present invention will now be described
with reference to Figure 8. The antenna assembly 800 comprises a first antenna 805 and a second antenna 810 that
are arranged at a predetermined separation distance dy on a ground plane 815, preferably, on the same side. The
antenna assembly 800 differs from the antenna assembly 500 of the first embodiment in that the second antenna 810
comprises at least two resonance elements adapted to resonate at respective frequencies. The input signals are ca-
pacitive fed to both resonance elements of the second antenna for improving isolation between the first and the second
antennas 805 and 810, as it will be described later.
[0048] Similarly to the first embodiment, the first antenna 805 comprises a resonance element 820 for resonating at
a given first frequency and/or within a desired frequency range. The resonance element 820 is electrically connected to
a first feed point 825, which provides a direct connection to a first transmission line 830 for directly feeding an input
communication signal to the resonance element 820. As shown in Fig. 8, the resonance element 820 may be provided
as a resonance arm that extends upwards from the ground plane 815 along a first axis 835 that is substantially perpen-
dicular to the ground plane 815 (i.e., parallel to the Z-axis shown in Fig. 8). The resonance arm 820 may be provided
as a flat strip of a conductor material, such as a metal, and may be deposited or arranged over a dielectric plate 837.
The resonance arm 820 is directly connected to the first feed point 825 at one end. The length and width of the resonance
arm 820 are selected based on the desired frequency and/or frequency band for operation of the first antenna 805, e.g.
a length of about or a little less than a quarter wavelength and a width of a few mm. As the details of the first antenna
810 are similar to those described above with reference to the first antenna 505, these will not be further repeated
hereafter. In the present configuration, the first antenna 805 is of monopole type. However, other types of antennas
could be used. In particular, the first antenna 805 may include resonance elements having forms and shapes other than
those of the resonance arm 820.
[0049] As mentioned above, the second antenna 810 comprises at least two resonance elements, a first resonance
element 840 and a second resonance element 842, which are arranged at a given distance on a same plane substantially
parallel to the ground plane 815. The first and second resonance elements 840 and 842 are adapted to resonate at
second and third frequencies, respectively. The second and third frequencies are preferably different so that the second
antenna 810 is operable as a dual band antenna. However, other configurations of the second antenna 810 may be
envisaged in which the resonance elements are adapted to radiate at the same frequency. In addition, the second
frequency is preferably the same as the first frequency of the first antenna 805. However, any one of the second and
third frequencies may be the same and/or within the same frequency range as the first frequency. Alternatively, the first
to third frequencies may all be different.
[0050] Referring to Fig. 8, the first resonance element 840 is arranged on a plane substantially parallel to the ground
plane 815 and at a given height h above the ground plane 815. In addition, the first resonance element 840 is positioned
at a predetermined distance dy along the Y-direction from the resonance element 820 of the first antenna 805.
[0051] As shown in Fig. 8, the first and second resonance elements 840 and 842 may be provided as resonance arms
of respective lengths that extend along a second axis 845 and a third axis 847, respectively, substantially parallel to the
ground plane 815 (i.e., parallel to the X-axis). The resonance arms 840 and 842 may have different lengths, which are
selected so as to produce resonances at different second and third frequencies, respectively. In Fig. 8, the second
resonance arm 842 is shorter than the first resonance arm 840 so as to provide a resonance frequency higher than the
resonance frequency of the first resonance arm 840. In the illustrated embodiment, the first and second resonance arms
840 and 842 are coplanar and substantially parallel to each other. However, other configurations may be envisaged in
which the first and second resonance elements of the second antenna 810 lie on different planes, for e.g. at different
heights with respect to the ground plane 815, and/or are aligned along axes that are not parallel to each other.
[0052] As mentioned above, the second antenna 810 further includes a capacitive coupling element 850 for feeding,
via capacitive coupling, input signals to the first and second resonance elements 840 and 842 so as to create resonances
at the respective second and third frequencies, respectively. Similarly to the first embodiment, the capacitive coupling
element 850 may be provided as a conductor element having an inverted L-shape with first and second arms 865 and
870. As the details of the inverted-L shape are similar to those described with reference to the first embodiment, these
will not be repeated hereafter.
[0053] As shown in Fig. 8, the capacitive coupling element 850 is arranged at an intermediate location between the
resonance elements 840 and 842 with respective separation gaps so as to establish a good capacitive coupling with
both resonance elements 840 and 842. The capacitive coupling element 850 is arranged between end parts of the first
and second resonance arms 840 and 842. At the opposite end parts, the first and second resonance arms 840 and 842
are electrically connected to ground (not shown). The dimensions of the first and second arms 865 and 870 as well as
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the separation distances between the capacitive coupling element 850 may be adjusted so as to provide the desired
capacitive feed to both resonance elements 840 and 842. The resonance elements 840 and 842 may have a length of
about or a little less than a quarter of the wavelength corresponding to the respective operation frequencies and a width
of a few mm.
[0054] Fig. 9 illustrates a side view of the antenna assembly 800 when viewed along the X-axis shown in Fig. 8 and
from the side of the capacitive coupling element 850. As shown in Fig. 9, the resonance element 820 of the first antenna
805 and the capacitive coupling element 850 are directly coupled to feed transmission lines 830 and 860 via the first
and second feed points 825 and 855, respectively. As in the first embodiment, the feed points 825 and 855 are not
electrically connected to the ground plane. The first and second resonance elements 840 and 842 of the second antenna
810 are electrically connected to ground.
[0055] The relative orientation between the first resonance element 840 of the second antenna 810 and the resonance
element 820 of the first antenna 805 is similar to the orientation described with reference to the resonance elements
540 and 520 of first embodiment, and, therefore, will not be further detailed here.
[0056] Similarly to the first embodiment, the second arm 870 of the capacitive coupling element 850 and the resonance
arms 840 and 842 may be arranged over a dielectric plate 875 for providing additional support, as shown in Fig. 8. A
conducting plate 880 may also be provided over the ground plane 815 and below the dielectric plate 875. The feed
points 825 and 855 are separated and electrically isolated from the ground plane 815 as well as the conducting plate
880. However, the dielectric plate 875 and the conducting plate 880 are optional features, and therefore, may be omitted.
[0057] An analysis of the antenna to antenna isolation achieved for the antenna assembly 800 is illustrated in Figure
10. Fig. 10 shows characteristics of the return loss parameters S11 and S22 of the first and second antennas 805 and
810, respectively, as well as characteristics of the isolation parameters S21 and S12 between the first antenna 805 and
second antenna 810. These characteristics were obtained for a separation distance, dy, of 40 mm.
[0058] As shown in Fig. 10, isolation parameters S12 and S21 of about -10 dB are obtained at a frequency of about
0.81 GHz. The return loss characteristic S11 of the second antenna 810 shows two nearby resonances corresponding
to the resonances of the resonance elements 840 and 842, which are responsible for the broadening of the frequency
band of interest. The return loss parameter S22 for the second antenna 810 is less than -5dB for a bandwidth of 80
MHz. Thus, although the antenna assembly 800 includes three resonant elements in total, the capacitive feed of the
second antenna 810 still allows achieving a good isolation between the first and second antennas 805 and 810.
[0059] Thus, by providing a multi-antenna assembly in which input signals for at least one of the antennas is fed by
capacitive coupling, the present invention allows reducing electromagnetic interference between antenna(s), namely,
at a separation between antennas much less than a quarter of a wavelength at the frequencies of interest. Thus, antenna
to antenna isolation may be improved while still providing antenna assemblies of a small form factor.
[0060] Although the above embodiments were described with reference to antenna assemblies having two antennas,
the principles of the present invention may also be applied to multi-antenna assemblies having more than two antennas
and in which at least one of the antennas is capacitive coupled to a feed line according to the principles of the present
invention. Further, one or more antennas of the plurality of antennas may be of types other than monopole antennas.
Finally, the present invention has been described using terms as "vertical", "horizontal", "upwards", and the like. As it
will be readily recognized by those skilled in the art, such terms are not intended to limit the use or construction of the
antenna assembly and its components to a specific direction, for e.g. a vertical direction, but are used as relative terms
for defining the relative orientation between components of the antennas and/or with respect to the ground plane.

List of Reference Signs

[0061]

Reference Numerals Description

100 Antenna system (prior art)

110, 120 Monopole antennas

130 Ground plane

140, 150 Feed points

160, 170 Plastic supports

300 Antenna system (prior art)

310 Monopole antenna
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(continued)

Reference Numerals Description

320 Inverted L-antenna

330 Ground plane

340 Feed point of monopole antenna

350 Feed point of inverted L-antenna

360, 370 Plastic supports

500 Antenna assembly of first embodiment

505 First antenna

510 Second antenna

515 Ground plane

520 Resonance element, resonance arm of first antenna

525 Feed point of first antenna

530 Feed transmission line for first antenna

535 First axis

537 Dielectric plate of first antenna

540 Resonance element of second antenna

545 Second axis

550 Capacitive coupling element

555 Feed point of second antenna

560 Feed transmission line for second antenna

565 First arm of capacitive coupling element

570 Second arm of capacitive coupling element

575 Dielectric plate of second antenna

800 Antenna assembly of second embodiment

805 First antenna

810 Second antenna

815 Ground plane

820 Resonance element, resonance arm of first antenna

825 Feed point of first antenna

830 Feed transmission line for first antenna

835 First axis of first antenna

837 Dielectric plate of first antenna

840, 842 First and second resonance elements

845, 847 Second axis and third axis

850 Capacitive coupling element

855 Feed point of second antenna

860 Feed transmission line for second antenna

865 First arm of capacitive coupling element
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Claims

1. An antenna assembly, comprising:

a first antenna (505; 805) adapted to operate at a first frequency, the first antenna (505; 805) comprising:

a resonance element (520; 820) adapted to resonate at said first frequency,
the resonance element (520; 820) being electrically connected to a first feed point (525; 825) which provides
a connection to a first feed transmission line (530; 830) for transmitting communication signals to/from the
first antenna (505; 805); and

a second antenna (510; 810) adapted to operate at a second frequency, the second antenna (510; 810) com-
prising:

a resonance element (540; 840) adapted to resonate at said second frequency; and
a capacitive coupling element (550; 850) adapted to feed an input signal received at a second feed point
(555; 855) to the resonance element (540; 840) of the second antenna (510; 810) for creating a resonance
at said second frequency;

characterized in that
the resonance element (520; 820) of the first antenna (505; 805) and the resonance element (540; 840) of the
second antenna (510; 810) are arranged so as to lie on different planes substantially perpendicular to each
other; and
the capacitive coupling element (550; 850) is a conductor element with an inverted L-shape which has a non-
planar structure with first (565; 865) and second arms (575; 875) connected to each other at substantially a
right angle, wherein
the first arm (565; 865) is electrically connected to the second feed point (555; 855),
the second arm (575; 875) is arranged on a same plane as the resonance element (570; 870) of the second
antenna (510; 810), the resonance element (570; 870) of the second antenna (510; 810) being interposed
between the second arm (575; 875) of the capacitive coupling element (550; 850) and the resonance element
(520; 820) of the first antenna (505; 805) with respective separation gaps, and
the dimensions of the first arm (565; 860), the second arm (570; 870) and the separation gaps are selected so
as to provide a desired capacitive feed of the input signal to the resonance element (540; 840) of the second
antenna (510; 810) while reducing electromagnetic interference of the capacitive coupling element (550; 850)
with the first antenna (505; 805).

2. An antenna assembly according to claim 1, comprising:
a ground plane (515; 815).

3. An antenna assembly according to claim 1 or 2, wherein the first frequency and the second frequency are substantially
the same and/or within a desired frequency band for communications.

4. An antenna assembly according to any one of claims 1 to 3, wherein the resonance element (540; 840) of the second
antenna (510; 810) is electrically connected to ground.

5. An antenna assembly according to any one of claims 2 to 4, wherein the resonance element (520; 820) of the first
antenna (505; 805) includes a resonance arm that extends along a first axis substantially perpendicular to the ground
plane (515; 815).

6. An antenna assembly according to any one of claims 2 to 4, wherein the resonance element (540; 840) of the second

(continued)

Reference Numerals Description

870 Second arm of capacitive coupling element

875 Dielectric plate of second antenna
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antenna (510; 810) includes a resonance arm (540; 840) that extends along a second axis that is substantially
parallel to the ground plane (515; 815).

7. An antenna assembly according to any one of claims 2 to 6, wherein the capacitive coupling element (550; 850)
being arranged such that the second arm (570; 870) is substantially parallel to the resonance arm of the second
antenna (510; 810).

8. An antenna assembly according to claim 7, wherein the second arm (570; 870) of the capacitive coupling element
(550; 850) and the resonance element (540; 840) of the second antenna (510; 810) are not arranged along a common
axis.

9. An antenna assembly according to claim 7 or claim 8, wherein the second arm (570; 870) of the capacitive coupling
element (550; 850) has a length such that the second arm (570; 870) does not resonate at the second frequency.

10. An antenna assembly according to any one of claims 1 to 9, wherein the first antenna (505; 805), the resonance
element (540; 840) and the capacitive coupling element (550; 850) of the second antenna (510; 810) are arranged
side by side.

11. An antenna assembly according to any one of claims 1 to 10, wherein the second antenna (810) further comprises:

a second resonance element (842) adapted to resonate at a third frequency; wherein
the second resonance element (842) is electrically connected to ground, and
the capacitive coupling element (850) is further adapted to feed input signals to the first and second resonance
elements of the second antenna (810) via capacitive coupling for creating resonances at said second and third
frequencies, respectively.

12. An antenna assembly according to claim 11, wherein the third frequency is different from the second frequency
such that the second antenna (810) is operable as a dual-band antenna.

13. An antenna assembly according to claim 11 or 12, wherein the second resonance element (842) includes a resonance
arm that extends along a third axis (847) substantially parallel to the first resonance element (840) of the second
antenna (810).

14. An antenna assembly according to any one of claims 11 to 13, wherein the capacitive coupling element (850) is
interposed between the first and the second resonance elements of the second antenna (810).

Patentansprüche

1. Antennenanordnung, mit:

einer ersten Antenne (505; 805), die ausgebildet ist, bei einer ersten Frequenz zu arbeiten, wobei die erste
Antenne (505, 805) aufweist:

ein Resonanzelement (520; 820), das ausgebildet ist, bei der ersten Frequenz in Resonanz zu schwingen,
wobei das Resonanzelement (520; 820) mit einem ersten Einspeisepunkt (525; 825) elektrisch verbunden
ist, der eine Verbindung zu einer ersten Speiseübertragungsleitung (530; 830) zur Übertragung von Kom-
munikationssignalen zu/von der ersten Antenne (505; 805) bereitstellt; und

einer zweiten Antenne (510; 810), die ausgebildet ist, bei einer zweiten Frequenz zu arbeiten, wobei die zweite
Antenne (510; 810) aufweist:

ein Resonanzelement (540; 840), das ausgebildet ist, bei der zweiten Frequenz in Resonanz zu schwingen;
und
ein kapazitives Kopplungselement (550; 850), das ausgebildet ist, ein von einem zweiten Einspeisepunkt
(550; 850) empfangenes Eingangssignal in das Resonanzelement (540; 840) der zweiten Antenne (510;
810) zur Erzeugung einer Resonanz bei der zweiten Frequenz einzuspeisen;
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dadurch gekennzeichnet, dass
das Resonanzelement (520; 820) der ersten Antenne (505, 805) und das Resonanzelement (540; 840) der
zweiten Antenne (510; 810) derart angeordnet sind, dass sie in unterschiedlichen Ebenen, die im Wesentlichen
senkrecht zueinander sind, liegen; und
das kapazitive Kopplungselement (550; 850) ein Leiterelement mit einer inversen L-Form ist, das einen nicht-
ebenen Aufbau mit einem ersten (565; 865) und einem zweiten Arm (575; 875) hat, die im Wesentlichen unter
einem rechten Winkel miteinander verbunden sind, wobei
der erste Arm (565; 865) elektrisch mit dem zweiten Einspeisepunkt (555, 855) verbunden ist,
der zweite Arm (575; 875) in einer gleichen Ebene wie das Resonanzelement (570; 870) der zweiten Antenne
(510; 810) angeordnet ist, wobei das Resonanzelement (570; 870) der zweiten Antenne (510; 810) zwischen
dem zweiten Arm (575; 875) des kapazitiven Kopplungselements (550; 850) und dem Resonanzelement (520;
820) der ersten Antenne (505; 805) mit entsprechenden Trennspalten angeordnet ist, und
die Abmessungen des ersten Arms (565; 860), des zweiten Arms (570; 870) und der Trennungsspalte so
festgelegt sind, dass eine gewünschte kapazitive Einspeisung des Eingangssignals in das Resonanzelement
(540; 840) der zweiten Antenne (510; 810) bewirkt wird, während eine elektromagnetische Interferenz des
kapazitiven Kopplungselements (550; 850) mit der ersten Antenne (505; 805) reduziert wird.

2. Antennenanordnung nach Anspruch 1, mit
einer Erdungsebene (515; 815).

3. Antennenanordnung nach Anspruch 1 oder 2, wobei die erste Frequenz und die zweite Frequenz im Wesentlichen
gleich sind und/oder innerhalb eines Sollfrequenzbandes für die Kommunikation liegen.

4. Antennenanordnung nach einem der Ansprüche 1 bis 3, wobei das Resonanzelement (540; 840) der zweiten Antenne
(510; 810) elektrisch mit Erde verbunden ist.

5. Antennenanordnung nach einem der Ansprüche 2 bis 4, wobei das das Resonanzelement (520; 820) der ersten
Antenne (505; 805) einen Resonanzarm hat, der entlang einer ersten Achse verläuft, die im Wesentlichen senkrecht
zu der Erdungsebene (515; 815) ist.

6. Antennenanordnung nach einem der Ansprüche 2 bis 4, wobei das Resonanzelement (540; 840) der zweiten Antenne
(510; 810) einen Resonanzarm (540; 840) aufweist, der entlang einer zweiten Achse verläuft, die im Wesentlichen
parallel zu der Erdungsebene (515; 815) ist.

7. Antennenanordnung nach einem der Ansprüche 2 bis 6, wobei das kapazitive Kopplungselement (550; 850) derart
angeordnet ist, dass der zweite Arm (570; 870) im Wesentlichen parallel zu dem Resonanzarm der zweiten Antenne
(510; 810) ist.

8. Antennenanordnung nach Anspruch 7, wobei der zweite Arm (570; 870) des kapazitiven Kopplungselements (550;
850) und das Resonanzelement (540; 840) der zweiten Antenne (510; 810) nicht entlang einer gemeinsamen Achse
angeordnet sind.

9. Antennenanordnung nach Anspruch 7 oder Anspruch 8, wobei der zweite Arm (570; 870) des kapazitiven Kopp-
lungselements (550; 850) eine Länge hat, derart, dass der zweite Arm (570; 870) bei der zweiten Frequenz nicht
in Resonanz schwingt.

10. Antennenanordnung nach einem der Ansprüche 1 bis 9, wobei die erste Antenne (505; 805), das Resonanzelement
(540; 840) und das kapazitive Kopplungselement (550; 850) der zweiten Antenne (510; 810) nebeneinander ange-
ordnet sind.

11. Antennenanordnung nach einem der Ansprüche 1 bis 10, wobei die zweite Antenne (810) ferner aufweist:

ein zweites Resonanzelement (842), das ausgebildet ist, bei einer dritten Frequenz in Resonanz zu schwingen,
wobei
das zweite Resonanzelement (842) elektrisch mit Erde verbunden ist, und
das kapazitive Kopplungselement (850) ferner ausgebildet ist, Eingangssignale in das erste und das zweite
Resonanzelement der zweiten Antenne (810) mittels kapazitiver Kopplung zur Erzeugung von Resonanzen
entsprechend bei der zweiten und der dritten Frequenz einzuspeisen.
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12. Antennenanordnung nach Anspruch 11, wobei die dritte Frequenz sich von der zweiten Frequenz unterscheidet
derart, dass die zweite Antenne (810) als eine Doppelbandantenne betreibbar ist.

13. Antennenanordnung nach Anspruch 11 oder 12, wobei das zweite Resonanzelement (842) einen Resonanzarm
aufweist, der entlang einer dritten Achse (847) verläuft, die im Wesentlichen parallel zu dem ersten Resonanzelement
(840) der zweiten Antenne (810) ist.

14. Antennenanordnung nach einem der Ansprüche 11 bis 13, wobei das kapazitive Kopplungselement (850) zwischen
dem ersten und dem zweiten Resonanzelement der zweiten Antenne (810) angeordnet ist.

Revendications

1. Ensemble antenne comprenant :
une première antenne (505; 805) conçue pour fonctionner à une première fréquence, la première antenne (505;
805) comprenant :

un élément de résonance (520; 820) conçu pour résonner à ladite première fréquence,
l’élément de résonance (520; 820) étant raccordé électriquement à un premier point d’alimentation (525; 825)
qui procure une connexion à une première ligne de transmission d’alimentation (530; 830) pour transmettre
des signaux de communication à/depuis la première antenne (505; 805) ; et
une seconde antenne (510; 810) conçue pour fonctionner à une deuxième fréquence, la seconde antenne (510;
810) comprenant :

un élément de résonance (540; 840) conçu pour résonner à ladite deuxième fréquence ; et
un élément de couplage capacitif (550; 850) conçu pour alimenter un signal d’entrée reçu au niveau d’un
second point d’alimentation (555; 855) vers l’élément de résonance (540; 840) de la seconde antenne (510;
810) pour créer une résonance à ladite deuxième fréquence ;
caractérisé en ce que
l’élément de résonance (520; 820) de la première antenne (505; 805) et l’élément de résonance (540; 840)
de la seconde antenne (510; 810) sont agencés de manière à être situés sur des plans différents sensi-
blement perpendiculaires l’un par rapport à l’autre ; et
l’élément de couplage capacitif (550; 850) est un élément conducteur en forme de L inversé qui a une
structure non plane avec un premier (565; 865) et un second bras (575; 875) reliés l’un à l’autre sensiblement
à angle droit, dans lequel
le premier bras (565; 865) est raccordé électriquement au second point d’alimentation (555; 855),
le second bras (575; 875) est agencé sur un même plan que l’élément de résonance (570; 870) de la
seconde antenne (510; 810), l’élément de résonance (570; 870) de la seconde antenne (510; 810) étant
intercalé entre le second bras (575; 875) de l’élément de couplage capacitif (550; 850) et l’élément de
résonance (520; 820) de la première antenne (505; 805) avec des intervalles de séparation respectifs, et
les dimensions du premier bras (565; 860), du second bras (570; 870) et des intervalles de séparation sont
choisies de manière à fournir une alimentation capacitive voulue du signal d’entrée vers l’élément de ré-
sonance (540; 840) de la seconde antenne (510; 810) tout en réduisant le brouillage électromagnétique
de l’élément de couplage capacitif (550; 850) avec la première antenne (505; 805).

2. Ensemble antenne selon la revendication 1, comprenant :
un plan de masse (515. 815).

3. Ensemble antenne selon la revendication 1 ou 2, dans lequel la première fréquence et la deuxième fréquence sont
sensiblement identiques et/ou comprises dans une bande de fréquences voulue pour des communications.

4. Ensemble antenne selon l’une quelconque des revendications 1 à 3, dans lequel l’élément de résonance (540; 840)
de la seconde antenne (510; 810) est raccordé électriquement à la masse.

5. Ensemble antenne selon l’une quelconque des revendications 2 à 4, dans lequel l’élément de résonance (520; 820)
de la première antenne (505; 805) comprend un bras de résonance qui s’étend le long d’un premier axe sensiblement
perpendiculaire au plan de masse (515; 815).
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6. Ensemble antenne selon l’une quelconque des revendications 2 à 4, dans lequel l’élément de résonance (540; 840)
de la seconde antenne (510; 810) comprend un bras de résonance (540; 840) qui s’étend le long d’un deuxième
axe qui est sensiblement parallèle au plan de masse (515; 815).

7. Ensemble antenne selon l’une quelconque des revendications 2 à 6, dans lequel l’élément de couplage capacitif
(550; 850) est agencé de façon que le second bras (570; 870) soit sensiblement parallèle au bras de résonance de
la seconde antenne (510; 810).

8. Ensemble antenne selon la revendication 7, dans lequel le second bras (570; 870) de l’élément de couplage capacitif
(550; 850) et l’élément de résonance (540; 840) de la seconde antenne (510; 810) ne sont pas agencés le long
d’un axe commun.

9. Ensemble antenne selon la revendication 7 ou la revendication 8, dans lequel le second bras (570; 870) de l’élément
de couplage capacitif (550; 850) a une longueur telle que le second bras (570; 870) ne résonne pas à la deuxième
fréquence.

10. Ensemble antenne selon l’une quelconque des revendications 1 à 9, dans lequel la première antenne (505; 805),
l’élément de résonance (540; 840) et l’élément de couplage capacitif (550; 850) de la seconde antenne (510; 810)
sont agencés côte à côte.

11. Ensemble antenne selon l’une quelconque des revendications 1 à 10, dans lequel la seconde antenne (810) com-
prend en outre :

un second élément de résonance (842) conçu pour résonner à une troisième fréquence ; dans lequel
le second élément de résonance (842) est raccordé électriquement à la masse, et
l’élément de couplage capacitif (850) est en outre conçu pour alimenter des signaux d’entrée vers les premier
et second éléments de résonance de la seconde antenne (810) par le biais d’un couplage capacitif pour créer
des résonances auxdites deuxième et troisième fréquences, respectivement.

12. Ensemble antenne selon la revendication 11, dans lequel la troisième fréquence est différente de la deuxième
fréquence, de sorte que la seconde antenne (810) peut fonctionner en tant qu’antenne bibande.

13. Ensemble antenne selon la revendication 11 ou 12, dans lequel le second élément de résonance (842) comprend
un bras de résonance qui s’étend le long d’un troisième axe (847) sensiblement parallèle au premier élément de
résonance (840) de la seconde antenne (810).

14. Ensemble antenne selon l’une quelconque des revendications 11 à 13, dans lequel l’élément de couplage capacitif
(850) est intercalé entre les premier et second éléments de résonance de la seconde antenne (810).
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