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Description

[0001] The present invention relates to an electromag-
netically coupled microstrip antenna.

[0002] Electromagnetically coupled microstrip anten-
nas (also referred to as ‘proximity-coupled’ antennas)
like microstrip antennas in general exhibit only a small
bandwidth. Different attempts have been made to
increase the bandwidth of microstrip antennas, includ-
ing the use of thicker substrates, of parasitic elements
and of impedance-matching networks.

[0003] In ELECTRONICS LETTERS, 9" April 1987,
Vol.23, No.8, pp. 368-369 an electromagnetically cou-
pled microstrip patch antenna is disclosed consisting of
a rectangular microstrip patch on a first substrate and a
microstrip feeding line on a second substrate beneath
the first substrate. A ground plane is provided beneath
the second substrate. The feeding line is centered with
respect to the patch width and is inset half the patch
length. A feeding line inset smaller and greater than half
the patch length is mentioned but an inset equal to half
the patch length is described to be advantageous for
maximum coupling between the microstrip feeding line
and the microstrip patch. To increase the bandwidth of
the microstrip antenna a small tuning stub is provided
which is connected in shunt with the microstrip feeding
line and is located either near the edge of the microstrip
patch or about lambda/2 away.

[0004] In IEEE Trans. Antennas Propaga., Vol. AP-38,
No. 7, pp. 1136-1140, July 1990, G.Splitt et al, ‘Guide-
lines for Design of Electromagnetically Coupled Micros-
trip Patch Antennas on Two-Layer Substrates’, a design
rule is disclosed for determining the position of the end
of a microstrip feeding line end under a square micros-
trip patch with reference to the center of the patch in a
two layer structure. According to this design rule the end
of the feeding line should be located at a distance of
+0,2 of the patch length from the center of the microstrip
patch.

[0005] In M+RF 97, 30 September - 2 October 1997,
London, UK, pp. 59-64, Ammann, Max J., 'A broadband
proximity-coupled microstrip patch antenna for wireless
LANs', the design and evaluation of a two layer electro-
magnetically coupled microstrip patch antenna is dis-
cussed. A microstrip antenna is disclosed consisting of
a first substrate on which the square radiator is printed
and a second substrate on which the feeding line is
printed below the first substrate. To increase radiation
efficiency and bandwidth of the radiator the first sub-
strate is relatively thick and consists of a material having
a low relative permittivity. To reduce radiation efficiency
of the feeding line the second substrate is relatively thin
and consists of a material having a high relative permit-
tivity. The feeding line is centered with respect to the
patch width. It is described that the patch overlap may
be adjusted for best match and optimum impedance
bandwidth. In the given example, the open end of the
feeding line of the microstrip antenna overlaps the patch
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by slightly more than half the patch length. The band-
width is increased by providing a small matching stub
positioned on the feeding line.

[0006] Although the bandwidth may be increased by
using a stub positioned on the feeding line of an electro-
magnetically coupled microstrip antenna, the values
achieved in the prior art are not sufficient for employing
this kind of antennas in several applications, for exam-
ple in a reception unit of Direct-To-Home (DTH) satellite
reception antennas. These antennas are designed for
the reception of direct broadcast signals and conven-
tionally comprise a feedhorn and a LNB (Low Noise
Block Converter) as, for example, disclosed in EP-A-
0735 610. In order to avoid the transition from hollow
waveguide technology, i.e. the feedhorn, to planar
waveguide technology, i.e. the LNB, and the losses
infroduced thereby it is desirable that a microstrip
antenna should be available which can be connected as
a feed to the LNB of a reception apparatus capable of
receiving directly broadcast signals.

[0007] A first problem of the present invention is to
provide an electromagnetically coupled microstrip
antenna exhibiting an increased bandwidth.

[0008] A second problem of the present invention is to
provide an electromagnetically coupled microstrip
antenna being capable of simultaneously receiving hor-
izontally and vertically polarized waves.

[0009] A third problem of the present invention is to
provide a reception apparatus capable of receiving
directly broadcast signals and exhibiting reduced
losses.

[0010] The above first problem is solved by providing
an electromagnetically coupled microstrip antenna
device comprising a first substrate; an antenna element
provided on a first surface of the first substrate; a sec-
ond substrate; and a first feeding element provided
between a second surface of the first substrate and a
first surface of the second substrate; wherein an end
portion of the first feeding element is positioned within a
range of -0,3L and +0,3L from an edge portion of the
antenna element, wherein L is the extension of the
antenna element in the direction of overlap between the
antenna element and the feeding element.

[0011] According to an embodiment of the invention,
a second feeding element is provided between the sec-
ond surface of the first substrate and the first surface of
the second substrate, an end portion of the second
feeding element is positioned within a range of -0,3L
and +0,3L from an edge portion of the antenna element,
wherein L is the extension of said antenna element in a
direction of overlap between the antenna element and
the feeding element.

[0012] It is essential to realize that according to the
invention no overlap between the antenna element and
the feeding element is required. In contrast to prior art
devices, an overlap-free arrangement is the basis for
the design and evaluation of microstrip antennas suita-
ble for different purposes. Therefore, a microstrip
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antenna essentially free from overlap between the main
antenna element and the feeding element or elements
is the preferred embodiment.

[0013] Typically, said first and/or second feeding ele-
ments are elongated feeding lines. Further, said first
and second feeding elements are usually arranged sub-
stantially perpendicularly to each other.

[0014] To match impedances, an impedance-match-
ing means can be provided in an microstrip antenna
according to the invention. Typically, impedance-match-
ing means is an impedance-matching network con-
nected to the first and/or second feeding element.
[0015] Advantageously, the first and/or second feed-
ing element centered with respect to the respective
edge portion of the antenna element.

[0016] The antenna element can be square-shaped,
rectangular-shaped, circular-shaped or elliptical-
shaped.

[0017] A ground element can be provided on a second
surface of said second substrate.

[0018] To improve gain and for beam forming a third
substrate can be provided. On a first surface of the third
substrate additional antenna elements are arranged.
The third substrate is arranged on the first substrate, in
other words such that the main antenna element is
interposed between the first surface of the first sub-
strate and a second surface of the third substrate.
[0019] Preferably, the additional antenna elements are
arranged symmetrically with respect to the center of the
main antenna element.

[0020] To achieve electromagnetical coupling, the
additional antenna elements are arranged to overlap
with the main antenna element.

[0021] The additional antenna elements may be
square-shaped, rectangular-shaped, circular-shaped or
elliptical-shaped.

[0022] To solve the above second object a microstrip
antenna device is provided comprising a first substrate;
a square-shaped antenna element provided on a first
surface of the first substrate; a second substrate; a first
elongated feeding element provided between a second
surface of the first substrate and a first surface of the
second substrate; and a second elongated feeding ele-
ment provided between the second surface of said first
substrate and the first surface of the second substrate;
wherein the first feeding element and the second feed-
ing element are arranged to overlap with the antenna
element such that an end portion of the first feeding ele-
ment beneath said square-shaped antenna element
and an end portion of the second feeding element
beneath the square-shaped antenna element are not in
contact with each other.

[0023] Advantageously, an end portions of the first
and of the second elongated feeding element are posi-
tioned within a range of -0,5(L-W) and +0,5(L-W) from
an respective edge portion of the square-shaped
antenna element. Here, L is the extension of said
square-shaped antenna element in a direction parallel
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to the direction of overlap and W is the width of the
respective elongated feeding element.

[0024] Also in this embodiment, it is essential to real-
ize that according to the invention no overlap between
the antenna element and the feeding element is
required. In contrast to prior art devices, an overlap-free
arrangement is the basis for the design and evaluation
of microstrip antennas suitable for different purposes.
Therefore, a microstrip antenna essentially free from
overlap between the main antenna element and the
feeding element or elements is the preferred embodi-
ment.

[0025] Moreover, by employing two feeding elements
a microstrip antenna device is achieved for receiving
horizontally and vertically polarized waves with the
same antenna device.

[0026] Typically, the first and second feeding elements
are arranged substantially perpendicularly to each
other.

[0027] For matching impedances, an impedance-
matching means can be provided which usually takes
the form of an impedance-matching network connected
to the first and second elongated feeding element,
respectively.

[0028] The first and/or second elongated feeding ele-
ment is arranged at the center of the respective edge
portion of the square-shaped antenna element.

[0029] A ground element can be provided on a second
surface of the second substrate.

[0030] To improve gain and for beam forming a third
substrate can be provided. On a first surface of the third
substrate additional antenna elements are provided.
The third substrate is arranged on the first substrate, in
other words such that the square-shaped antenna ele-
ment is interposed between said first surface of the first
substrate and a second surface of the third substrate.
[0031] Preferably, the additional antenna elements are
arranged symmetrically with respect to the center of the
square-shaped antenna element.

[0032] The additional antenna elements are arranged
to overlap with said main antenna element to achieve an
electromagnetical coupling.

[0033] The additional antenna elements may be
square-shaped, rectangular-shaped, circular-shaped or
elliptical-shaped.

[0034] To solve the above third object the present
invention provides a reception apparatus for receiving
broadcast signals comprising a microstrip antenna
device as described above for receiving a broadcast
signal and a converter means for converting the fre-
quency of the received first broadcast signal. Advanta-
geously, said converter means is provided in planar
waveguide technology to avoid transition losses.

[0035] To solve the above third object the present
invention further provides a reception apparatus for
receiving broadcast signals comprising a first microstrip
antenna device as described above for receiving a first
broadcast signal, converter means for converting the
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frequency of the received first broadcast signal, a sec-
ond microstrip antenna device as described above for
receiving a second broadcast signal simultaneously to
receiving the first broadcast signal and a second con-
verter means for converting the frequency of the
received second signal. Advantageously, the first and
second converter means are provided in planar
waveguide technology to avoid transition losses.

[0036] A switching matrix can be provided for distrib-
uting on demand signals received from said converter
means.

[0037] To solve the above third object the present
invention further provides a reception apparatus for
receiving broadcast signals comprising a first microstrip
antenna device as described above for receiving a first
broadcast signal, a second microstrip antenna device
as described above for receiving a second broadcast
signal simultaneously to receiving the first broadcast
signal, converter means for converting the frequency of
the received broadcast signal, and a connecting means
being adapted to selectively supply the output signal of
one of the first antenna device or the second antenna
device to converter means. This embodiment is advan-
tageous as the number of converters is smaller than the
number of microstrip antenna devices whereby the
reception apparatus of this embodiment is more eco-
nomical compared to a reception apparatus according
to the invention in which the number of converters is
equal to the number of microstrip antenna devices.
[0038] Typically, the converter means comprises at
least one low-noise amplifier , at least one frequency
mixer and at least one local oscillator.

[0039] To minimize losses due to transition, the con-
verter means and/or the connecting means are pro-
vided in planar waveguide technology.

[0040] To solve the above third object the present
invention further provides a reception apparatus for
receiving broadcast signals comprising a first microstrip
antenna device as described above for receiving a first
broadcast signal and supplying at least one output sig-
nal to a first low-noise amplifying means, a second
microstrip antenna device as described above for
receiving a second broadcast signal simultaneously to
receiving the first broadcast signal and supplying at
least one output signal to a second low-noise amplifying
means, a connecting means being supplied with an out-
put signal from each of said first and second low-noise
amplifying means and at least one frequency mixing
means being supplied with an output signal from said
connecting means.

[0041] To avoid transition losses, at least said first and
second amplifying means are provided in planar
waveguide technology. However, in order to reduce the
complexity of the overall apparatus, also the connecting
means and/or the frequency mixing means can be pro-
vided in planar waveguide technology.

[0042] Any reception apparatus described above is
suitable for receiving broadcast signals from satellites at
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two orbital positions. If broadcast signals from more
than two orbital positions shall be received additional
microstrip antenna device according to the invention
can be added to a reception apparatus according to the
invention.

[0043] In the following a preferred embodiment and
further embodiments of the invention will be described
with reference to the drawings.

Fig. 1and 2 show a top-view and a side-view of a
first embodiment of the invention;
3and 4

Fig. show a top-view and a side-view of a

second embodiment of the invention;
5and 6

Fig. show a top-view and a side-view of a

third embodiment of the invention;

shows a DTH satellite
antenna arrangement;

Fig. 7 reception

Fig. 8 shows a first embodiment of the recep-
tion apparatus according to the inven-
tion;

Fig. 9 shows an arrangement of two micros-
trip antennas according to the invention
for reception of two orbital positions;

and

shows a second embodiment of the
reception apparatus according to the
invention;

Fig. 10

shows a third embodiment of the
reception apparatus according to the
invention; and

Fig. 11

shows a fourth embodiment of the
reception apparatus according to the
invention.

Fig. 12

[0044] In a preferred embodiment of an electromag-
netically coupled microstrip antenna according to the
invention as shown in Fig. 1 and 2, a first substrate 1
has a height h1 and consists of a dielectric material hav-
ing a relative permittivity E1. An antenna element 2 is
provided on a first surface 1a of the first substrate 1. In
this embodiment, the antenna element 2 takes the form
of a rectangular microstrip patch element having an
length of L. A second substrate 3 is provided below the
first substrate 1. The second substrate 3 has a height h2
and consists of a dielectric material having a relative
permittivity E2. A feeding element 4 is interposed
between the first and second substrate. The feeding
element 4 may be provided on the second surface 1b of
the first substrate 1 or a first surface 3a of the second
substrate 3. In this embodiment, the feeding element 4
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takes the form of an elongated feeding line.

[0045] In this preferred embodiment of the invention,
an end portion 4a of the elongated feeding line 4 is
located underneath an edge portion 2a of the microstrip
patch element 2 substantially without any overlap (O =
0%). Preferably, the feeding line 4 is centered with
respect to the edge portion 2a. In accordance with the
invention and as indicated in Fig. 2, the end portion 4a
of the elongated feeding line 4 may be located within a
range of -0,3L and +0,3L from the edge portion of the
microstrip patch element 2 (O = £30%), wherein L is the
extension of the antenna element 2 in a direction paral-
lel to the direction of overlap with the feeding element 4.
In other words, according to the invention an end por-
tion of the feeding element is positioned within an area
symmetrically arranged with respect to an respective
edge portion of the antenna element. In the preferred
embodiment, the antenna element and the feeding ele-
ment do not overlap.

[0046] As shown in Fig. 2 a ground element 5 is pro-
vided on a second surface 3b of the second substrate 3,
the ground element 5 taking the form of a ground plane
substantially covering the entirety of the second surface
3b of the second substrate 3.

[0047] Two examples of the preferred embodiment of
the invention have been examined. In both examples
the relative permittivity of the substrates 1 and 3 was
chosen to

E1=E2 =3.38+0.05.

[0048] In one example the heights of the substrates 1
and 3 were chosen to

h1 =h2 =0,81 mm.

[0049] In the other example the heights of the sub-
strate 1 and 3 were chosen to

h1=1,52 mmand h2 =0,81 mm.

[0050] The two examples were designed by means of
a simulation tool based on the method of moments. The
design of the microstrip antenna included on the one
hand the optimization of the patch length L, the feeding
line width W and the overlap O, and on the other hand
the impedance-matching network. The patch length L
corresponds to the specified resonant frequency (center
frequency of the considered frequency range). The
feeding line width W was optimized and the best band-
width was achieved using a 50 Ohm feeding line. The
feeding line did not overlap with the antenna element
(overlap O = 0%) whereby a broadband matching was
realized. The optimized values for the second example
(h1=1,52 mmandh2=0,81 mm)areL=52mm, W=
1,9 mmand O = 0 mm.

[0051] With both examples a bandwidth of more than
17.5 % (VSWR <= 2) was achieved.
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[0052] In a further preferred embodiment of the elec-
tromagnetically coupled microstrip antenna according
to the invention, which is capable of receiving two per-
pendicular polarized broadcast signals, as shown in Fig.
3 and 4, a first substrate 11 has a height h11 and con-
sists of a dielectric material having a relative permittivity
E11. An antenna element 12 is provided on a first sur-
face 11a of the first substrate 11. In this embodiment,
the antenna element 12 takes the form of a square
microstrip patch element having an edge length L. A
second substrate 13 is provided below the first sub-
strate 11. The second substrate 13 has a height h12
and consists of a dielectric material having a relative
permittivity E12. A first feeding element 14 is interposed
between the first and second substrate. The first feeding
element 14 may be provided on the second surface 11b
of the first substrate 11 or a first surface 13a of the sec-
ond substrate 13. In this embodiment, the first feeding
element 14 takes the form of an elongated feeding line.
A second feeding element 15 is interposed between the
first and second substrate. The second feeding element
15 may be provided on the second surface 11b of the
first substrate 11 or a first surface 13a of the second
substrate 13. In this embodiment, the second feeding
element 15 takes the form of an elongated feeding line.
The second feeding element 15 extends in a direction
substantially perpendicular to said first feeding element
14.

[0053] In this preferred embodiment of the invention,
an end portion 14a of the first elongated feeding line 14
is located underneath a first edge portion 12a of the
square microstrip patch element 12 substantially with-
out any overlap (O = 0%). Likewise, an end portion 15a
of the second elongated feeding line 15 is located
underneath a second edge portion 12b of the square
microstrip patch element 12 substantially without any
overlap (O = 0%). Preferably, the feeding lines 14 and
15 are centered with respect to the respective edge por-
tion 12a and 12b. In accordance with the invention and
as indicated in Fig.3, the end portion 14a of the first
elongated feeding line 14 and the end portion 15a of the
second elongated feeding line 15 may be located such
that the first and second elongated feeding line are sep-
arated from each other within a range of -1/2+ (L-W)
and +1/2 « (L-W) from the respective edge portion of the
microstrip patch element 12, wherein L is generally the
extension of the antenna element 12 in the direction of
overlap with the respective feeding element 14, 15 and
W is the width of the feeding element 14, 15. In other
words, according to the invention an end portion of the
feeding element is positioned within an area symmetri-
cally arranged with respect to an respective edge por-
tion of the antenna element.

[0054] As shownin Fig. 3 a ground element 16 is pro-
vided on a second surface 13b of the second substrate
13, the ground element 16 taking the form of ground
plane substantially covering the entirety of the second
surface 13b of the second substrate 13.
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[0055] In Fig. 1 and 3 impedance-matching networks
20 are shown which are provided to match the imped-
ance of the microstrip antenna to, for example, a 50
Ohm system which is usually used in DTH satellite
antennas. Each impedance-matching network 20 com-
prises a first section 21 having a length L1 and a width
W1 and a second section 22 having a length L2 and a
width W2. The appropriate variation of these values
makes it possible to realize impedance matching. The
impedance networks 20 are not necessarily identical
but may be adapted to the conditions given by the
design of the individual feeding element. However, it is
advantageous to realize the impedance networks in pla-
nar waveguide technology to avoid transition losses.
[0056] To improve beam forming and gain of the elec-
tromagnetically coupled microstrip antenna according
to the invention, as shown in Fig. 1 to 4, can be pro-
vided, as shown in Fig. 5 and 6, with a third substrate 31
on a first surface 31a of which additional antenna ele-
ments 32 are provided and which is positioned with a
second surface 31b on the first surface 1a, 11a of the
first substrate 1, 11. In other words, the main antenna
element 2 is interposed between the first and third sub-
strates. The third substrate 31 has a height h31 and
consists of a dielectric material having a relative permit-
tivity E31.

[0057] In Fig. 5 and 6 an electromagnetically coupled
microstrip antenna having such a third substrate 31 and
additional antenna elements 32 is shown which is
based on the embodiment of Fig. 1 and 2, however,
comprising a square microstrip antenna element 2 pro-
vided on the first surface 1a of the first substrate 1. The
remaining elements of the embodiment of Fig. 1 and 2
are unchanged and therefore not discussed in further
detail. Instead, reference is made to the above descrip-
tion of Fig. 1 and 2.

[0058] As shownin Fig. 5, four additional antenna ele-
ments 32a to 32d are provided on the first surface 31a
of the third substrate 31. The four additional square
antenna elements 32a to 32d are positioned symmetri-
cally with respect to the center of the antenna element 2
on the first surface 1a of the first substrate 1 with a dis-
tance d between adjacent edges. The additional square
antenna elements 32a to 32d have an edge length of L'.
The symmetrical arrangement in both directions
secures the same reception conditions for both polari-
zations. Therefore, the four additional square antenna
elements 32a to 32d can be provided advantageously
also in the embodiment of Fig. 3 and 4. The additional
antenna elements 32 are fed through the overlapping
between these elements and the antenna element 2
provided on the first substrate 1. A constructive super-
position of the waves and therefore beam forming is
possible with this embodiment of the invention.

[0059] With an electromagnetically coupled microstrip
antenna according to the invention it is nor required to
use an adhesive film for attaching the substrates to
each other. This kind of attachment achieved by adhe-
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sive films is known in the prior art and usually
addressed as a multilayer structure. Instead, according
to another aspect of the invention the substrates are
attached to each other by mechanical attaching means
like screws, bolts etc. The resulting structure is called
stacked structure. The advantage achieved thereby is
that losses which are caused by the presently available
adhesive films can be avoided.

[0060] With an electromagnetically coupled microstrip
antenna it is possible to provide a reception apparatus
which is capable of receiving directly broadcast signals.
In a DTH reception arrangement as shown in Fig. 7 a
reflector 40 is combined with a reception apparatus 41.
[0061] According to the invention, as shown in Fig. 8,
a first embodiment of the reception apparatus 41 com-
prises an electromagnetically coupled microstrip
antenna 42 as described and an LNB 43. Advanta-
geously, the embodiment of Fig. 3 and 4 is employed to
supply a signal H for horizontally polarized waves and a
signal V for vertically polarized waves to the LNB 43.
Since the antenna 42 and the LNB 43 are realized in
planar waveguide technology transition losses are
avoided.

[0062] For reception of two orbital satellite positions a
first and a second antenna 42a and 42b can be pro-
vided in a reception apparatus 41 as shown in Fig. 9
showing only a top-view of the microstrip antenna
device. Reference is made to Fig. 1 to 6 for further
details. The first and the second antenna 42a and 42b
are spaced from each other such that broadcast signals
from a satellite at a first orbital position can be received
simultaneously with broadcast signals from a satellite at
a second orbital position. Either the first or the second
antenna 42a or 42b is positioned in the focus of the
reflector 40 (see Fig. 7) or both antennas 42a and 42b
are positioned out of but close to the focus of the reflec-
tor 40 (see Fig. 7). These approaches are well known
from DTH satellites antenna arrangements comprising
a reception apparatus having a feedhorn in hollow
waveguide technology and are therefore not discussed
here in further detail.

[0063] A second embodiment of the reception appara-
tus according to the invention is shown in Fig. 10. In this
reception apparatus 61, the output signals of the elec-
tromagnetically coupled microstrip antennas 62a and
62b, which correspond to the antennas 42a and 42b in
Fig. 9 and which are shown in Fig. 10 to output a signal
H corresponding to a received horizontally polarized
broadcast wave and a signal V corresponding to a
received vertically polarized broadcast wave, may be
supplied to a single LNB 63 comprising low-noise ampli-
fiers 64a and 64b, frequency mixers 65a and 65b and a
local oscillator 66 via a connecting means 67 being
adapted for supplying selectively the output signals H, V
of one of the microstrip antennas 62a, 62b to the low-
noise amplifiers 64a, 64b. The connecting means 67
can be realized by means of a switch for connecting the
inputs of the low-noise amplifiers 64a, 64b with either
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the outputs H, V of the first microstrip antenna 62a or of
the second microstrip antenna 62b. A control signal C is
supplied to the connecting means 67 accordingly. The
output signals RF of the low-noise amplifiers 64a, 64b
are supplied to the frequency mixers 65a, 65b which are
also supplied with an output signal from the local oscil-
lator 66. The frequency mixers 65a, 65b comprise out-
puts 68a, 68b each of which supplying an output signal
from the reception apparatus to individual user devices.
[0064] A third embodiment of the reception apparatus
according to the invention is shown in Fig. 11. In this
reception apparatus 71 the output signals of the electro-
magnetically coupled microstrip antennas 72a and 72b,
which also correspond to the antennas 42a and 42b in
Fig. 9 and which are shown in Fig. 11 to output a signal
H corresponding to a received horizontally polarized
broadcast wave and a signal V corresponding to a
received vertically polarized broadcast wave, may be
supplied to an individual one of low-noise amplifiers
73a, 73b, 73c¢, 73d. The output signals of the low-noise
amplifiers 73a, 73b, 73c, 73d are supplied to a connect-
ing means 74 being adapted for supplying selectively
the oulput signals RF of the low-noise amplifiers 73a,
73b, 73c¢, 73d to individual frequency mixers 75a, 75b
which are also supplied with an output signal of a local
oscillator 76. The connecting means 74 can be realized
by means of a switch for connecting the inputs of the fre-
quency mixers 75a, 75b with either the outputs of the
low-noise amplifiers 73a, 73b connected to the first
antenna 72a or the outputs of the low-noise amplifiers
73c, 73d connected to the second antenna 72b. A con-
trol signal C is supplied to the connecting means 74
accordingly. The frequency mixers 75a, 75b comprise
outputs 77a, 77b each of which supplying an output sig-
nal from the reception apparatus to individual user
devices.

[0065] In a fourth embodiment a switching matrix is
provided in the reception apparatus 51 according to the
invention. The switching matrix distributes the signals
from one or more microstrip antennas, LNBs or fre-
quency mixers to outputs supplying an output signal
from the reception apparatus to individual user devices.
In Fig. 12, a reception apparatus 51 is shown compris-
ing two electromagnetically coupled microstrip anten-
nas 52a and 52b each of which supplying a signal H
corresponding to a received horizontally polarized
broadcast wave and a signal V corresponding to a
received vertically polarized broadcast wave to low-
noise amplifiers 53a to 53d. RF signals from the low-
noise amplifiers 53a to 53d are supplied to frequency
mixers 54a to 54d each of which receiving a reference
frequency from a local oscillator 55. IF signals from the
individual frequency mixers 54a to 54d are fed to a
switching matrix 56 distributing on demand the received
IF signals to anyone of the four outputs 57a to 57d. The
switching matrix 56 may be realized in planar
waveguide technology, like the microstrip antennas and
the LNB, to reduce the complexity of the overall system
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and to further avoid transition losses. The switching
matrix may be combined with any one of the first to third
embodiment of the reception apparatus according to the
invention as described above with reference to Fig. 8 to
11.

Claims
1. Microstrip antenna device comprising

- afirst substrate (1, 11);

- an antenna element (2, 12) provided on a first
surface (1a, 11a) of said first substrate;

- asecond substrate (3, 13); and

- a first feeding element (4, 14) provided
between a second surface (1b, 11b) of said first
substrate and a first surface (3a, 13a) of said
second substrate;
characterized in that

- an end portion (4a, 14a) of said first feeding
element (4, 14) is positioned within a range of -
0,3L and +0,3L from an edge portion (2a, 12a)
of said antenna element (2, 12), wherein L is
the extension of said antenna element (2, 12)
in a direction parallel to the direction of overlap.

2. Microstrip antenna device according to claim 1,
wherein a second feeding element (15) is provided
between said second surface (1b, 11b) of said first
substrate (1, 11) and said first surface (3a, 13a) of
said second substrate (3, 13), an end portion (15a)
of said second feeding element (15) is positioned
within a range of -0,3L and +0,3L from an edge por-
tion (12b) of said antenna element (2, 12), wherein
L is the extension of said antenna element (2, 12) in
a direction parallel to the direction of overlap.

3. Microstrip antenna device according to anyone of
claims 1 and 2, wherein said first and/or second
feeding elements (4, 14, 15) are elongated feeding
lines.

4. Microstrip antenna device according to claim 3,

wherein said first and second feeding elements (4,
14, 15) are arranged substantially perpendicularly
to each other.

5. Microstrip antenna device according to anyone of
claims 1 to 4, wherein an impedance-matching
means (20) is provided.

6. Microstrip antenna device according to claim 5,
wherein said impedance-matching means is an
impedance-matching network (20, 21, 22) con-
nected to said first and/or second feeding element
(4, 14, 15).

7. Microstrip antenna device according to anyone of
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claims 1 to 6, wherein said first and/or second feed-
ing element (4, 14, 15) is arranged at the center of
said edge portion (2a, 12a, 12b) of said antenna
element (2, 12).

Microstrip antenna device according to anyone of
claims 1 to 7, wherein said antenna element (2, 12)
is square-shaped.

Microstrip antenna device according to anyone of
claims 1 to 7, wherein said antenna element (2, 12)
is rectangular-shaped.

Microstrip antenna device according to anyone of
claims 1 to 7, wherein said antenna element (2, 12)
is circular-shaped or elliptical-shaped.

Microstrip antenna device according to anyone of
claims 1 to 10, wherein a ground element (5, 16) is
provided on a second surface (3b, 13b) of said sec-
ond substrate (3, 13).

Microstrip antenna device according to anyone of
claims 1 to 11, wherein a third substrate (31) on a
first surface (31a) of which additional antenna ele-
ments (32a, 32b, 32¢, 32d) are provided, said third
substrate (31) being provided such that said
antenna element (2) is interposed between said
first surface (1a, 11a) of said first substrate (1, 11)
and a second surface (31b) of said third substrate
(31).

Microstrip antenna device according to claim 12,
wherein said additional antenna elements (323,
32b, 32c, 32d) are arranged symmetrically with
respect to the center of said antenna element (2).

Microstrip antenna device according to anyone of
claims 12 and 13, wherein said additional antenna
elements (32a, 32b, 32¢, 32d) are arranged to over-
lap with said first antenna element (2).

Microstrip antenna device according to anyone of
claim 12 to 14, wherein said additional antenna ele-
ments (32a, 32b, 32¢, 32d) are square-shaped.

Microstrip antenna device according to anyone of
claims 12 to 14, wherein said additional antenna
elements (32a, 32b, 32¢, 32d) are rectangular-
shaped.

Microstrip antenna device according to anyone of
claims 12 to 14, wherein said additional antenna
elements (32a, 32b, 32¢, 32d) are circular-shaped
or elliptical-shaped.

Microstrip antenna device comprising
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19.

20.

21.

22,

23.

24,
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- afirst substrate (11);

- a square-shaped antenna element (12) pro-
vided on a first surface (11a) of said first sub-
strate;

- asecond substrate (13);

- afirst elongated feeding element (14) provided
between a second surface (11b) of said first
substrate (11) and a first surface (13a) of said
second substrate (13) ; and

- a second elongated feeding element (15) pro-
vided between said second surface (11b) of
said first substrate (11) and said first surface
(13a) of said second substrate (13);
characterized in that

- said first feeding element (14) and said second
feeding element (15) are arranged to overlap
with said antenna element (12) such that an
end portion (14a) of said first feeding element
(14) beneath said square-shaped antenna ele-
ment (12) and an end portion (15a) of said sec-
ond feeding element (15) beneath said square-
shaped antenna element (12) are not in contact
with each other.

Microstrip antenna device according to claim 18,
wherein an end portion (14a) of said first elongated
feeding element (14) and an end portion (15a) of
said second elongated feeding element are posi-
tioned within a range of -0,5(L-W) and +0,5(L-W)
from an respective edge portion (12a, 12b) of said
square-shaped antenna element (12), wherein L is
the extension of said square-shaped antenna ele-
ment (12) in a direction parallel to the direction of
overlap and W is the width of the respective elon-
gated feeding element.

Microstrip antenna device according to anyone of
claims 18 and 19, wherein said first and second
feeding elements (4, 14, 15) are arranged substan-
tially perpendicularly to each other.

Microstrip antenna device according to anyone of
claims 18 to 20, wherein an impedance-matching
means (20) is provided.

Microstrip antenna device according to claim 21,
wherein said impedance-matching means is an
impedance-matching network (20, 21, 22) con-
nected to said first and second feeding element (4,
14, 15), respectively.

Microstrip antenna device according to anyone of
claims 18 to 22, wherein said first and/or second
elongated feeding element (14, 15) is arranged at
the center of the respective edge portion (12a, 12b)
of said square-shaped antenna element (12).

Microstrip antenna device according to anyone of
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claims 18 to 23, wherein a ground element (16) is
provided on a second surface (13b) of said second
substrate (13).

Microstrip antenna device according to anyone of
claims 18 to 24, wherein a third substrate (31) on a
first surface (31a) of which additional antenna ele-
ments (32a, 32b, 32¢, 32d) are provided, said third
substrate (31) being provided such that said
square-shaped antenna element (12) is interposed
between said first surface (1a, 11a) of said first sub-
strate (1, 11) and a second surface (31b) of said
third substrate (31).

Microstrip antenna device according to claim 25,
wherein said additional antenna elements (323,
32b, 32c, 32d) are arranged symmetrically with
respect to the center of said square-shaped
antenna element (12).

Microstrip antenna device according to anyone of
claims 12 and 13, wherein said additional antenna
elements (32a, 32b, 32¢, 32d) are arranged to over-
lap with said first antenna element (2).

Microstrip antenna device according to anyone of
claim 25 to 27, wherein said additional antenna ele-
ments (32a, 32b, 32¢, 32d) are square-shaped.

Microstrip antenna device according to anyone of
claims 25 to 27, wherein said additional antenna
elements (32a, 32b, 32¢, 32d) are rectangular-
shaped.

Microstrip antenna device according to anyone of
claims 25 to 27, wherein said additional antenna
elements (32a, 32b, 32¢, 32d) are circular-shaped
or elliptical-shaped.

Microstrip antenna device according to anyone of
claims 1 to 30, wherein the antenna device has a
stacked structure.

Reception apparatus for receiving broadcast sig-
nals comprising a microstrip antenna device (42)
according to anyone of claims 1 to 31 for receiving
a broadcast signal and a converter means (43) for
converting the frequency of the received broadcast
signal.

Reception apparatus according to claim 32 wherein
said converter means (43) is provided in planar
waveguide technology.

Reception apparatus for receiving broadcast sig-
nals comprising a first microstrip antenna device
(52a) according to anyone of claims 1 to 31 for
receiving a first broadcast signal, converter means
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36.

37.

38.

39.

40.

41.
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(53a, 53b, 54a,54b,55) for converting the frequency
of the received first broadcast signal, a second
microstrip antenna device (52b) according to any-
one of claims 1 to 31 for receiving a second broad-
cast signal simultaneously to receiving the first
broadcast signal and a second converter means
(53c, 53d, 54c, 54d, 55) for converting the fre-
quency of the received second signal.

Reception apparatus according to claim 34 wherein
said first and second converter means (53a, 53b,
53¢, 53d, 54a, 54b, 54c, 54d, 55) are provided in
planar waveguide technology.

Reception apparatus for receiving broadcast sig-
nals according to anyone of claims 32 to 35 wherein
a switching matrix (56) is provided for distributing
on demand signals received from said converter
means (43; 53a, 53b, 53¢, 53d, 54a, 54b, 54¢, 54d,
55).

Reception apparatus for receiving broadcast sig-
nals comprising a first microstrip antenna device
(62a) according to anyone of claims 1 to 31 for
receiving a first broadcast signal, a second micros-
trip antenna device (62b) according to anyone of
claims 1 to 31 for receiving a second broadcast sig-
nal simultaneously to receiving the first broadcast
signal, converter means (63) for converting the fre-
quency of the received broadcast signal, and a con-
necting means (67) being adapted to selectively
supply the output signal of one of said first antenna
device (62a) or said second antenna device (62b)
to said converter means (63).

Reception apparatus according to claim 37,
wherein said converter means (63) comprises at
least one low-noise amplifier (64a, 64b), at least
one frequency mixer (65a, 65b) and at least one
local oscillator (66).

Reception apparatus according to any one of
claims 37 and 38 wherein said converter means
(63, 64a, 64b, 65a, 65b, 66) are provided in planar
waveguide technology.

Reception apparatus according to any one of
claims 37 to 39 wherein said connecting means
(66) are provided in planar waveguide technology.

Reception apparatus for receiving broadcast sig-
nals comprising a first microstrip antenna device
(72a) according to anyone of claims 1 to 31 for
receiving a first broadcast signal and supplying at
least one output signal (H, V) to a first low-noise
amplifying means (73a, 73b), a second microstrip
antenna device (72b) according to anyone of claims
1 to 31 for receiving a second broadcast signal
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simultaneously to receiving the first broadcast sig-
nal and supplying at least one output signal (H, V)
to a second low-noise amplifying means (73c, 73d),
a connecting means (74) being supplied with an
output signal (RF) from each of said first and sec-
ond low-noise amplifying means (73a, 73b, 73c,
73d) and at least one frequency mixing means
(75a, 75b) being supplied with an output signal from
said connecting means.

Reception apparatus according to claim 41 wherein
said first and second amplifying means (73a, 73b,
73c, 73d) are provided in planar waveguide tech-
nology.

Reception apparatus according to any one of
claims 41 and 42 wherein said connecting means
(74) are provided in planar waveguide technology.

Reception apparatus according to any one of
claims 41 to 43 wherein said frequency mixing
means (75a, 75b) are provided in planar waveguide
technology.
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