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Description

[0001] The present invention relates to an antenna
device including an improved array antenna and an an-
tenna system employing such an antenna device.
[0002] Japanese Patent Laid-Open Publication No.
HEI-5-251928 discloses an antenna device, which in-
cludes an IC board with a transmitting and receiving cir-
cuit mounted thereon and a horn-type primary radiator.
Further, Japanese Patent Laid-Open Publication No.
HEI-8-97620 discloses an array antenna which includes
a plurality of patch antennas arrayed on a dielectric sub-
strate, a feed and feed lines or feeders connecting be-
tween the feed and the individual patch antennas. The
feeders, in the form of microstrips, are formed on the
dielectric substrate together with the patch antennas.
[0003] Among various known examples of the array
antenna is a phased array antenna, which is designed
to vary a phase difference between adjacent antenna
elements to change the direction of radiated beams, to
thereby switch the direction of the main lobe. The array
antennas, which comprise an array of planar antennas
of same structure, can be used as a phased array an-
tenna by just varying a phase difference between adja-
cent antenna elements; however, it is difficult to vary the
directivity of the array antenna depending on, for exam-
ple, the size and distance (from the antenna) of objects
that are to be detected. Further, the array antennas, hav-
ing patches of individual planar antenna elements and
associated feeders formed on a same planar surface,
present the problem that their directivities would consid-
erably deteriorate due to unwanted radiation of electro-
magnetic waves from the feeders, although they provide
a very simple feeding scheme.
[0004] Herscovici and Pozar, Microwave Journal 37,
No. 6 (1994), p. 84-95, describe an alternative system
for feeding microwave energy to planar antenna ele-
ments of an array antenna. This system uses a feeding
line network located in a different layer than the radiating
antenna elements, wherein the coupling between an-
tenna elements forming a common radar beam and their
respective feeding line is achieved by means of a re-
spective coupling aperture in the ground plane separat-
ing the layers of the antenna elements and the feeding
line network. This arrangement is capable of reducing
spurious coupling between the feeding line network and
the radiating antenna elements and therefore improves
the radiation characteristics of the antenna.
[0005] It is an object of the present invention to pro-
vide a small-size antenna device including an array an-
tenna capable of varying its directivity as desired.
[0006] It is another object of the present invention to
provide an antenna system which employs the small-
size antenna device including the directivity-variable ar-
ray antenna.
[0007] According to a first aspect of the present inven-
tion, there is provided an array antenna device accord-
ing to claim 1.

[0008] The array antenna device comprises an array
antenna including a plurality of patches arrayed on a first
surface of a base board and a plurality of feeders con-
nected to respective ones of the patches so as to radiate
or receive an electromagnetic wave via the patches. The
plurality of patches comprises a plurality of first patches
and a plurality of second patches. The feeders connect-
ed to the first patches are formed on the first surface of
the base board, while the feeders connected to the sec-
ond patches are formed on a second surface of the base
board opposite to the first surface.
[0009] Because the feeders connected to the first and
second patches are formed on the first and second sur-
faces, respectively, of the base board and thus they dif-
fer in geographical position and form of electrical con-
nection, the directivities of a first antenna unit with the
first patches and of a second antenna unit with the sec-
ond patches can be made different from each other. By
simultaneously using a combination of optionally select-
ed first and second patches (e.g., by simultaneously ra-
diating electromagnetic waves via selected first and
second patches) and varying phase differences be-
tween the selected patches, the directivities of the first
and second antenna units can be varied. Further, be-
cause the feeders for the first and second patches are
formed on the different surfaces of the base board, the
interval between adjacent feeders on each of the sur-
faces can be made greater than where they are all
formed on a single surface of the base board. The great-
er interval between the feeders can effectively reduce
undesirable noise that would result from mutual radia-
tion between the feeders.
[0010] According to the present invention, there is
provided an antenna device including the above-men-
tioned array antenna. This antenna device comprises a
first transmitting and receiving circuit for feeding electri-
cal signals to the first patches of the array antenna or
receiving electrical signals from the first patches, and a
second transmitting and receiving circuit for feeding
electrical signals to the second patches of the array an-
tenna or receiving electrical signals from the second
patches. The first transmitting and receiving circuit is
provided on the first surface of the base board, the sec-
ond transmitting and receiving circuit is provided on the
second surface of the base board, and the first and sec-
ond transmitting and receiving circuits are both posi-
tioned on a same side of the patches.
[0011] The mounting areas on the base board can be
used very efficiently, so that the base board and hence
the entire antenna device can be substantially reduced
in size. Furthermore, by providing the transmitting and
receiving circuits on one same side of the corresponding
arrayed patches, the necessary length of connecting
wires from an external circuit to the transmitting and re-
ceiving circuits can be reduced effectively. The reduced
wire length results in a reduced transmission loss and
also effectively reduces influences of unwanted radia-
tion to and from the wires.
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[0012] Preferably, the first and second transmitting
and receiving circuits are capable of selecting any of
said patches to or from which electrical signals are to
be fed or received and phases of the selected patches.
This arrangement allows the directivity of the array an-
tenna to be varied optionally, and also permits beam for-
mation, beam scanning and generation of time-division-
al multibeams.
[0013] Preferably, the base board comprises an earth
plate made of an electrically conductive material and a
pair of dielectric substrates sandwiching the earth plate
therebetween. The feeders, earth plate and one of the
dielectric plates disposed between the feeders and the
earth plate together constitute microstrips, and the first
patches, earth plate and the one dielectric substrate dis-
posed between the first patches and the earth plate to-
gether constitute patch antennas. The second patches,
earth plate and the other dielectric plate disposed be-
tween the second patches and the earth plate together
constitute inductance-coupling patch antennas with a
plurality of slots formed in the earth plate.
[0014] With the inductance-coupling patch antenna
arranged in the above-mentioned manner, it is possible
to save the labor necessary to connect the second
patches and the associated feeders on the second sur-
face via conductor lines (which may for example be
through-holes) extending across the thickness of the
base board, by using the mutual induction to feed to the
second patches. Because the feeding to a selected one
of the second patches is effected through the slot of a
non-resonating length that is formed in the earth plate,
the impedance can be adjusted by varying the dimen-
sions of the slot. Further, by the earth plate interposed
between the second patches and the feeders, it is pos-
sible to enhance the directivity of the inductance-cou-
pling patch antenna while avoiding unwanted radiation
from the feeder to the first surface.
[0015] Preferably, the first patches and second patch-
es are arrayed alternately on the first surface of the base
board. This alternate arrangement can increase the in-
terval between adjacent feeders on each of the surfaces
so that noise resulting from the mutual radiation be-
tween the feeders is minimized.
[0016] In a preferred implementation, the array anten-
na comprises an additional dielectric substrate covering
the second surface of the base board, or an additional
dielectric substrate that includes an additional earth
plate covering the second surface of the base board.
The first-said additional dielectric substrate protects the
feeders formed on the second surface of the base board
and reinforces the base board. The second-said addi-
tional dielectric substrate, including the additional earth
plate covering the second surface of the base board,
can protect the feeders, reinforce the base board and
also effectively reduces unwanted radiation to the re-
verse side of the base board.
[0017] Furthermore, there is provided an antenna
system which comprises first and second radiators, and

wherein the first radiator is the above-mentioned anten-
na device and the second radiator is a reflector or a lens.
[0018] Because the antenna device can be of com-
pact size, the reduced overall size of the base board can
effectively avoid aperture blocking by the board. Thus,
the reflector can be made greater in size so that the ra-
diated beam from any of the patches is reflected at more
points on the unblocked surface of the reflector to pro-
vide more reflected beams. Therefore, the antenna gain
can be improved.
[0019] The above and other objects, features and ad-
vantages of the present invention will become manifest
to those versed in the art upon reference to the detailed
description and accompanying drawings in which pre-
ferred structural embodiments incorporating the princi-
ples of the present invention are shown by way of illus-
trative examples.
[0020] Preferred embodiments of the present inven-
tion will be described hereinbelow, by way of example
only, with reference to the accompanying drawings, in
which:

Fig. 1A is a schematic top plan view of an antenna
device including an array antenna according to the
present invention;
Fig. 1B is a schematic bottom plan view of the an-
tenna device shown in Fig. 1A;
Fig. 2 is a perspective view of an inductance-cou-
pling patch antenna, showing a patch and various
elements provided around the patch;
Fig. 3 is a view showing a conventional antenna de-
vice to clarify useful features of the present inven-
tion;
Fig. 4 is a schematic view of an offset parabolic an-
tenna system, where the conventional antenna de-
vice of Fig. 3 is employed as a primary radiator and
a parabolic reflector is employed as a secondary ra-
diator;
Fig. 5 is a schematic view of an offset parabolic an-
tenna system, where the antenna device of Figs. 1A
and 1B is employed as a primary radiator and a par-
abolic reflector is employed as a secondary radia-
tor;
Fig. 6 is a schematic view of an antenna system,
where the antenna device of the present invention
is employed as a primary radiator in combination
with a dielectric lens;
Fig. 7 is a schematic plan view showing a modifica-
tion of the antenna device of the present invention;
and
Fig. 8 is a schematic plan view showing another
modification of the antenna device of the present
invention.

[0021] The following description is merely exemplary
in nature and is in no way intended to limit the invention
or its application or uses.
[0022] Figs. 1A and 1B show an antenna device 10
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according to a preferred embodiment of the present in-
vention, which comprises an array antenna as will be
described in detail below. Specifically, Fig. 1A is a sche-
matic top plan view of the antenna device 10, and Fig.
1B is a schematic bottom plan view of the antenna de-
vice shown in Fig. 1A. The array antenna 12 includes a
base board 14, on a first surface (obverse side) 14a of
which are provided an array of patches 16 and a plurality
of feeders 18 connected to the respective patches 16.
Via these patches 16, the antenna device 10 radiates
and receives an electromagnetic wave.
[0023] The patches 16 comprise a plurality of first and
second patches 16a and 16b, and the feeders 18a con-
nected to the first patches 16a are formed on the first
surface 14a of the base board 14 while the feeders 18b
connected to the second patches 16b are formed on a
second surface (reverse side) 14b of the base board 14.
[0024] The base board 14 comprises an earth plate
20 made of an electrically conductive material, and a
pair of dielectric substrates 22a and 22b sandwiching
the earth plate 20 therebetween. The feeders 18a con-
nected to the first patches 16a and earth plate 20, as
well as the dielectric substrate 22a located between the
feeders 18a and the earth plate 20, together constitute
microstrips 24. Similarly, the feeders 18b connected to
the second patches 16b and earth plate 20, as well as
the dielectric substrate 22b located between the feeders
18b and the earth plate 20, together constitute micros-
trips 24.
[0025] The first patches 16a, earth plate 20, dielectric
substrate 22a located between the feeders 18a and the
earth plate 20 together constitute patch antennas
(microstrip antennas) 12a. The feeders 18b connected
to the second patches 16b, earth plate 20 and dielectric
substrate 22b located between the feeders 18b and the
earth plate 20 together constitute inductance-coupling
patch antennas 12b with a plurality of slots 26 in the
earth plate 20. Each of the slots 26 is elongated in the
direction where the patches are arrayed. The array of
the first patches 16a form an array of patch antennas
12a, and a time-divisional scanning antenna assembly
or a phased array antenna can be provided by selecting
any of the patches 16a and a phase of each selected
patch 16a. Similarly, the array of the second patches
16b form an array of the inductance-coupling patch an-
tennas 12b, and a time-divisional scanning antenna as-
sembly or a phased array antenna can be provided by
selecting any of the patches 16b and a phase of each
selected patch 16b.
[0026] As noted above, the feeders 18a and 18b con-
nected to the first and second patches 16a and 16b are
formed on the first and second surfaces 14a and 14b,
respectively, of the base board 14. Thus, the feeders
18a and 18b of the first and second patches 16a and
16b differ in geographical position and form of electrical
connection, so that the patch antennas 12a and induct-
ance-coupling patch antennas 12b can have different
directivities.

[0027] Thus, the respective directivities of the patch
antennas 12a and inductance-coupling patch antennas
12b can be varied, by simultaneously using a combina-
tion of optionally selected first and second patches 16a
and 16b (e.g., by simultaneously radiating electromag-
netic waves via selected first and second patches 16a
and 16b) and varying phase differences between the se-
lected patches 16a and 16b. Because the directivities
of the patch antennas 12a and inductance-coupling
patch antennas 12b can be varied variously in the
above-mentioned manner, the array antenna 12 can al-
so be used as an "adaptive" array antenna which is ca-
pable of lowering the directivity in a specific direction
when a jamming electromagnetic wave arrives from that
specific direction.
[0028] Further, because the feeders 18a and 18b are
formed on the different surfaces 14a and 14b of the base
board 14, the interval between adjacent feeders 18a or
18b on each of surfaces 14a or 14b can be made greater
than where they are all formed on a single surface of the
base board 14. The greater interval between the feeders
18a or 18b can effectively reduce unwanted noise that
would result from the mutual radiation between the feed-
ers 18a or 18b.
[0029] Furthermore, the microstrips 24, which are
formed by the feeders 18a, earth plate 20 and dielectric
substrate 22a, can minimize a transmission loss. Simi-
larly, the microstrips 24, which are formed by the feeders
18b, earth plate 20 and dielectric substrate 22b, can
minimize a transmission loss. Moreover, with the first
patches 16a, earth plate 20 and dielectric substrate 22a
forming the patch antennas (microstrip antennas) 12a,
these antennas 12a can be readily connected to the
microstrips 24 formed by the feeders 18a, earth plate
20 and dielectric substrate 22a.
[0030] In the array antenna 12 shown in Figs. 1A and
1B, the first and second patches 16a and 16b are ar-
ranged alternately at equal intervals on the first surface
14a of the base board 14. Because of the alternate ar-
rangement of the first and second patches 16a and 16b,
the feeders 18a or 18b on each of the surfaces 14a or
14b can be disposed at greater intervals than where the
first and second feeders 18a and 18b are formed in suc-
cession on a single surface of the base board 14, with
the result that it is possible to avoid noise resulting from
the mutual radiation between the feeders 18a or 18b.
Alternatively, the first and second patches 16a and 16b
may be arranged at non-equal intervals, and the radiat-
ing characteristics may be controlled by varying the
number of the patches and phase differences among
the patches.
[0031] Fig. 2 is a perspective view of one of the above-
mentioned inductance-coupling patch antennas 12b,
showing one of the patches 16b and various elements
provided around the patch 16b described earlier in re-
lation to Fig. 1A. Each of the patches 16b is sized to
cause resonance, and the slot 26 provided in corre-
sponding relation to the patch 16b is smaller in length
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than one-half the wavelength. With the inductance-cou-
pling patch antenna 12b, it is possible to save the labor
necessary to connect the second patch 16b and the as-
sociated feeder 18b on the second surface 18b via a
conductor line (such as a through-hole) extending
across the thickness of the base board 14, by using the
mutual induction to feed to the second patch 16b. Be-
cause the feeding to the second patch 16b is effected
through the slot 26 of a non-resonating length formed in
the earth plate 20, the impedance can be adjusted by
varying the dimensions of the slot 26. Further, by the
earth plate 26 interposed between the second patch 16b
and the feeder 18b, it is possible to enhance the direc-
tivity of the inductance-coupling patch antenna 12b
while effectively avoiding unwanted radiation from the
feeder 18b to the first surface 14a.
[0032] The antenna device 10 shown in Figs. 1A and
1B further includes a first transmitting and receiving cir-
cuit 28 (Fig. 1A) which feeds (i.e., sends electrical sig-
nals) to the first patches 16a of the above-mentioned
array antenna 12 and receives input electrical signals
from the first patches 16a. The antenna device 10 also
includes a second transmitting and receiving circuit 30
(Fig. 1B) which feeds (i.e., sends electrical signals) to
the second patches 16b of the above-mentioned array
antenna 12 and receives input electrical signals from the
second patches 16b. The first transmitting and receiving
circuit 28 is provided on the first surface 14a of the base
board 14, while the second transmitting and receiving
circuit 30 is provided on the second surface 14b. Fur-
ther, the first and second transmitting and receiving cir-
cuits 28 and 30 are both provided on one same side of
the corresponding arrayed patches 16a and 16b to be
located near one same side edge of the board 14.
[0033] By providing the first and second transmitting
and receiving circuits 28 and 30 on the opposite surfac-
es 14a and 14b of the base board 14 as mentioned, the
base board 14 allows various component elements to
be mounted thereon to a higher density (increased
mounting density). Therefore, the mounting areas on
the base board 14 can be used very efficiently, and the
board 14 and hence the entire antenna device can be
substantially reduced in size. Further, by thus providing
each of the first and second transmitting and receiving
circuits 28 or 30 on only one of the surfaces 14a or 14b
separately from the other circuit 30 or 28, the area oc-
cupied by the transmitting and receiving circuit 28 or 30
on each of the surfaces can be reduced or halved rela-
tive to a case where the circuits 28 and 30 are both pro-
vided together only on one of the surfaces 14a or 14b,
which can also contribute to the size reduction of the
base board 14.
[0034] Furthermore, by providing the transmitting and
receiving circuits 28 and 30 on one same side of the
corresponding arrayed patches 16a or 16b to be located
near one same side edge of the board 14 as mentioned
above, the necessary length of connecting wires (not
shown) from an external circuit (not shown) to the cir-

cuits 28 and 30 can be reduced. The reduced wire length
permits a reduced transmission loss and also effectively
reduces influences of unwanted radiation to and from
the wires.
[0035] Each of the first and second transmitting and
receiving circuits 28 and 30 may be a switchable trans-
mitting and receiving circuit for radiating multibeams, or
may include a combination of an amplifier circuit, a cir-
culator and an antenna-switching PIN diode. Also, each
of the first and second transmitting and receiving circuits
28 and 30 may include a FM signal generator, a direc-
tivity coupler and a mixer; for example, the transmitting
and receiving circuit may be constructed as a radar
module as shown in Fig. 3 of Japanese Patent Laid-
Open Publication No. HEI-8-97620 and may make a se-
lection from among the patches 16a, 16b and perform
phase control of each selected patch. The first and sec-
ond transmitting and receiving circuits 28 and 30 may
be provided on separate IC boards.
[0036] Fig. 3 is a view showing an example of a con-
ventional antenna device 40 to clarify useful features of
the present invention. The conventional antenna device
40 includes an array antenna 42, which has a plurality
of patches arrayed on a single surface of a base board
44, and a plurality of feeders 48 connected to the re-
spective patches 48. The antenna device 40 radiates
and receives an electronic wave via the patches 46. The
patches 46 comprises a plurality of first patches 46a and
a plurality of second patches 46b, and the feeders 48a
and 48b connected to the first and second patches 46a
and 46b are formed on the single surface 44a of the
base board 44.
[0037] The illustrated conventional antenna device 40
further includes a first transmitting and receiving circuit
50 which feeds (i.e., sends electrical signals) to the first
patches 46a of the above-mentioned array antenna 42
and receives input electrical signals from the first patch-
es 46a. The antenna device 40 also includes a second
transmitting and receiving circuit 52 which feeds (i.e.,
sends electrical signals) to the second patches 46b of
the above-mentioned array antenna 42 and receives in-
put electrical signals from the second patches 46b. The
first and second transmitting and receiving circuits 50
and 52 are both provided on the first surface 14a of the
base board 14 in such a manner that the transmitting
and receiving circuit 50 is located on one side of the ar-
rayed patches 46a and 46b while the second transmit-
ting and receiving circuit 52 is located on the other side
of the patches 46a and 46b.
[0038] The base board 44 comprises an earth plate
54 made of an electrically conductive material, and a
pair of dielectric substrates 56a and 56b sandwiching
the earth plate 54 therebetween. The feeders 48a con-
nected to the first patches 46a, earth plate 54 and die-
lectric substrate 56a located between the feeders 48a
and earth plate 54 together constitute microstrips 58.
Similarly, the feeders 48b connected to the second
patches 46b, earth plate 54 and dielectric substrate 56b
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located between the feeders 48b and earth plate 54 to-
gether constitute microstrips 24. The first and second
patches 46a and 46b, earth plate 20 and dielectric sub-
strate 56a located between the patches and the earth
plate together constitute patch antennas. The first and
second transmitting and receiving circuits 50 and 52 are
of the same construction as the above-described coun-
terparts 28 and 30 shown in Figs. 1A and 1B, respec-
tively. The patches 46 are of the same construction as
the above-described patches of Fig. 1A. Further, the
number of antennas (antenna elements) in the array an-
tenna 42 is the same as that in the array antenna 12 of
Fig. 1A.
[0039] Fig. 4 is a schematic view of an offset parabolic
antenna system, where the conventional antenna de-
vice 40 of Fig. 3 is employed as a primary radiator and
a parabolic reflector 60 is employed as a secondary ra-
diator. Similarly, Fig. 5 is a schematic view of an offset
parabolic antenna system, where the antenna device 10
of Figs. 1A and 1B is employed as a primary radiator
and a parabolic reflector 62 is employed as a secondary
radiator. The two parabolic reflectors 60 and 62 are the
same in focal length, and any one of the patches 42 or
12 is positioned at the focal point of each of the reflec-
tors.
[0040] In the offset parabolic antenna system of Fig.
4 employing the conventional antenna device 40, the ra-
diated beam is reflected off concave upper end, middle
and lower end surface portions of the reflector 60 to pro-
vide reflected beams 1 to 3 . In the offset parabolic
antenna system of Fig. 5 employing the antenna device
10 of the present invention, however, the radiated beam
is reflected off concave upper end, middle, near-lower-
end and lower end surface portions of the reflector 62
to provide reflected beams 1 to 4 . As will be readily
understood from a comparison between the two sys-
tems of Fig. 4 and 5, the base board 14 of the antenna
device 10 of the present invention can be substantially
reduced in size because the second transmitting and re-
ceiving circuit 30 is provided on the reverse side of the
base board 14 separately from the first transmitting and
receiving circuit 28 on the obverse side. The reduced
size of the base board 14 can effectively eliminate ap-
erture blocking by the board 14, and thus the reflector
62 can be made greater in size so that the radiated beam
from the patch is reflected at more points on the un-
blocked concave surface of the reflector 62 to provide
more reflected beams. Therefore, the offset parabolic
antenna system of Fig. 5, as compared to that of Fig. 4,
can improve the antenna gain as well as effectively re-
ducing electric power consumption by the antenna de-
vice.
[0041] Note that the offset parabolic antenna system
of Fig. 5 is capable of generating multibeams by defo-
cused feeding for the individual patches and may be
used as a multibeam antenna by varying the primary
beam direction. Further, as shown in Fig. 6, the antenna
device 10 of the present invention may be combined

with a dielectric lens to provide another antenna system.
The dielectric lens may be replaced with any other suit-
able lens, such as a path-length lens or waveguide-
shaped metal lens.
[0042] Figs. 7 and 8 show modifications of the anten-
na device of the present invention. The modified anten-
na device 10' of Fig. 7 includes an additional dielectric
substrate 22c that covers the surface of the dielectric
substrate 22b, i.e., the second surface 14b of the base
board 14. The additional dielectric substrate 22c pro-
tects the feeders 18b on the second surface 14b of the
base board 14 and reinforces the base board 14. The
modified antenna device 10'' of Fig. 8 includes an addi-
tional dielectric substrate 22c having an additional earth
plate 20a that covers the surface of the dielectric sub-
strate 22b, i.e., the second surface 14b of the base
board 14. The additional dielectric substrate 22c, having
such an additional earth plate 20a covering the second
surface 14b of the base board 14, can protect the feed-
ers 18b, reinforce the base board 14 and also effectively
reduce unwanted radiation to the reverse side of the
base board 14. In particular, it is possible to effectively
reduce influences of the unwanted radiation on any cir-
cuit provided on the reverse side 14b of the base board
14. The base board 14 may be reinforced by employing
the earth plates 20 and 20a of increased thickness.
[0043] The array antenna 12 and antenna device 10,
10' or 10" of the present invention may be applied to a
vehicle-mounted radar device for detection of obstacles
near the vehicle, or may be applied to an indoor wireless
LAN system.
[0044] The interval between adjacent antenna ele-
ments (patch antennas) of the array antenna 12 may be
shorter than one wave length, or equivalent to or shorter
than one-half the wavelength, or it may be equivalent to
about one-fourth the wavelength. The array antenna 12
may be in a linear array where planar antennas are ar-
ranged linearly, or in a planar array where planar anten-
nas are arranged on a same planar surface. Whereas
all the patches 16 are shown in the drawings as square
patches, either the first patches 16a or the second
patches 16b may be in a circular shape. One side of
each of the square patches may be chosen to equal
about one-half of the wavelength. For example, the fre-
quency of signals (FM signals) to be fed may be about
60 GHz, one side of each of the square patches may be
about 1.6 - 2.2 mm, and the interval between adjacent
square patches may be about 0.2 - 0.4 mm. The dielec-
tric substrates 22a and 22b of the base board 14 may
be of the same thickness.
[0045] Obviously, various minor changes and modifi-
cations of the present invention are possible in the light
of the above teaching. It is, therefore, to be understood
that within the scope of the appended claims the inven-
tion may be practiced otherwise than as specifically de-
scribed.
[0046] An array antenna includes a plurality of patch-
es (16) arrayed on a first surface (14a) of a base board
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(14) and a plurality of feeders (18) connected to the re-
spective patches (16) so as to radiate or receive an elec-
tromagnetic wave via the patches (16). The patches (16)
include a plurality of first patches (16a) and a plurality
of second patches (16b). The feeders (18a) connected
to the first patches (16a) are formed on the first surface
(14a) of the base board (14), while the feeders (18b)
connected to the second patches (16b) are formed on
a second surface (14b) of the base board (14). Further,
first and second transmitting and receiving circuits (28,
30) are provided on the first and second surfaces (14a,
14b), respectively, of the base board (14), so as to pro-
vide an antenna device. The first transmitting and re-
ceiving circuit (28) feeds or receives electrical signals
to or from the first patches (16a), while the second trans-
mitting and receiving circuit (30) feeds or receives elec-
trical signals to or from the second patches (16b). The
first and second transmitting and receiving circuits (28,
30) are both positioned on the same side of the arrayed
patches (16). With such arrangements, the directivities
of a first antenna unit with the first patches (16a) and of
a second antenna unit with the second patches (16b)
can be made different from each other, and the overall
size of the antenna device can be reduced to a consid-
erable degree.

Claims

1. An antenna device comprising:

an array antenna (12) including a plurality of
patches (16) arrayed on a first surface (14a) of
a base board (14) and a plurality of feeders (18)
connected to respective ones of said patches
(16) so as to radiate or receive an electromag-
netic wave via said patches (16), said plurality
of patches (16) comprising a plurality of first
patches (16a) and a plurality of second patches
(16b) forming first and second antennas (1 2a,
12b), said feeders (18a) connected to said first
patches (16a) being formed on said first surface
(14a) of said base board (14), said feeders
(18b) connected to said second patches (16b)
being formed on a second surface (14b) of said
base board (14) opposite to said first surface
(14a);
a first transmitting and receiving circuit (28) for
feeding or receiving electrical signals to or from
said first patches (16a) of said array antenna
(12); and
a second transmitting and receiving circuit (30)
for feeding or receiving electrical signals to or
from said second patches (16b) of said array
antenna (12),

wherein said first transmitting and receiving circuit
(28) is provided on said first surface (14a) of said

base board (14), said second transmitting and re-
ceiving circuit (30) is provided on said second sur-
face (14b) of said base board (14), and said first
and second transmitting and receiving circuits (28,
30) are both positioned on a same side of said
patches (16), and
a circuit (28, 30) for optionally selecting ones of said
first and second patches (16a, 16b) for changing the
directivities of said first and second antennas (12a,
12b) with respect to each other.

2. The antenna device of claim 1 wherein said first and
second transmitting and receiving circuits (28, 30)
are capable of selecting any of said patches (16a,
16b) to or from which the electrical signals are to be
fed or received and phases of the selected patches
(16a, 16b).

3. The antenna device of claim 1 wherein said base
board (14) comprises an earth plate (20) made of
an electrically conductive material and a pair of di-
electric substrates (22a, 22b) sandwiching said
earth plate (20) therebetween,
said feeders (18), said earth plate (20) and one of
said dielectric plates (22a) disposed between said
feeders (18) and said earth plate (20) together con-
stitute microstrips (24),
said first patches (16a), said earth plate (20) and
said one dielectric substrate (22a) disposed be-
tween said first patches (16a) and said earth plate
(20) together constitute patch antennas (12a), and
said second patches (16b), said earth plate (20) and
another of said dielectric plates (22b) disposed be-
tween said second patches (16b) and said earth
plate (20) together constitute inductance-coupling
patch antennas with a plurality of slots (26) formed
in said earth plate (20).

4. The antenna device of claim 1 wherein said first
patches (16a) and said second patches (16b) are
arrayed alternately on said first surface (14a) of said
base board (14).

5. An antenna device as recited in claim 1 which fur-
ther comprises an additional dielectric substrate
(22c) covering said second surface (14b) of said
base board (14).

6. The antenna device of claim 1 which further com-
prises an additional dielectric substrate (22c) that
includes an additional earth plate (20a) covering
said second surface (14b) of said base board (14).

7. An antenna system comprising first and second ra-
diators, said first radiator being an antenna device
according to any of claims 1 to 6, said second radi-
ator being a reflector.
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8. An antenna system comprising first and second ra-
diators, said first radiator being an antenna device
according to any of claims 1 to 6, said second radi-
ator being a lens.

Patentansprüche

1. Antennenvorrichtung umfassend:

• eine Arrayantenne (12), die eine Mehrzahl von
an einer ersten Fläche (14a) einer Grundplatte
(14) aufgereihten Patches (16) und eine Mehr-
zahl von mit jeweiligen der Patches (16) ver-
bundenen Feedern (18) aufweist, um eine elek-
tromagnetische Welle über die Patches (16) zu
senden oder zu empfangen, wobei die Mehr-
zahl von Patches (16) eine Mehrzahl von ersten
Patches (16a) und eine Mehrzahl von zweiten
Patches (16b) umfasst, die erste und zweite
Antennen (12a, 12b) bilden, wobei die mit den
ersten Patches (16a) verbundenen Feeder
(18a) an der ersten Fläche (14a) der Grundplat-
te (14) ausgebildet sind, wobei die mit den
zweiten Patches (16b) verbundenen Feeder
(18b) an einer der ersten Fläche (14a) entge-
gengesetzten zweiten Fläche (14b) der Grund-
platte (14) ausgebildet sind,

• eine erste Sende- und Empfangsschaltung (28)
zum Zuführen oder Empfangen von elektri-
schen Signalen zu oder von den ersten Pat-
ches (16a) der Arrayantenne (12), und

• eine zweite Sende- und Empfangsschaltung
(30) zum Zuführen oder Empfangen von elek-
trischen Signalen zu oder von den zweiten Pat-
ches (16b) der Arrayantenne (12),
wobei die erste Sende- und Empfangsschal-
tung (28) an der ersten Fläche (14a) der Grund-
platte (14) vorgesehen ist, wobei die zweite
Sende- und Empfangsschaltung (30) an der
zweiten Fläche (14b) der Grundplatte (14) vor-
gesehen ist, und wobei sowohl die erste Sen-
de- und Empfangsschaltung (28) als auch die
zweite Sendeund Empfangsschaltung (30) an
einer selben Seite der Patches (16) vorgese-
hen sind, und

• eine Schaltung (28, 30) zum optionalen Aus-
wählen von Patches aus den ersten und den
zweiten Patches (16a, 16b) zum Ändern der Di-
rektivitäten der ersten und der zweiten Antenne
(12a, 12b) bezüglich einander.

2. Antennenvorrichtung nach Anspruch 1, wobei die
erste und die zweite Sende- und Empfangsschal-
tung (28, 30) in der Lage sind, beliebige der Patches
(16a, 16b), denen elektrische Signale zuzuführen
oder von denen elektrische Signale zu empfangen
sind, sowie Phasen der gewählten Patches (16a,

16b) auszuwählen.

3. Antennenvorrichtung nach Anspruch 1, wobei die
Grundplatte (14) eine aus einem elektrisch leitfähi-
gen Material hergestellte Erderplatte (20) und ein
Paar von dielektrischen Substraten (22a, 22b) um-
fasst, zwischen denen die die Erderplatte sand-
wichartig aufgenommen ist,
wobei die Feeder (18), die Erderplatte (20) und eine
der dielektrischen Platten (22a), die zwischen den
Feedern (18) und der Erderplatte (20) angeordnet
ist, zusammen Mikrostreifenleitungen (24) bilden,
wobei die ersten Patches (16a), die Erderplatte (20)
und eine der dielektrischen Platten (22a), die zwi-
schen den ersten Patches (16a) und der Erderplatte
(20) angeordnet ist, zusammen Patch-Antennen
(12a) bilden, und
wobei die zweiten Patches (16b); die Erderplatte
(20) und eine andere der dielektrischen Platten
(22b), die zwischen den zweiten Patches (16b) und
der Erderplatte (20) angeordnet ist, zusammen in-
duktiv gekoppelte Patch-Antennen bilden, wobei ei-
ne Mehrzahl von Schlitzen (26) in der Erderplatte
(20) ausgebildet sind.

4. Antennenvorrichtung nach Anspruch 1, wobei die
ersten Patches (16a) und die zweiten Patches (16b)
alternierend an der ersten Fläche (14a) der Grund-
platte (14) aufgereiht sind.

5. Antennenvorrichtung nach Anspruch 1, welche fer-
ner ein zusätzliches dielektrisches Substrat (22c)
umfasst, das die zweite Fläche (14b) der Grundplat-
te bedeckt.

6. Antennenvorrichtung nach Anspruch 1, welche fer-
ner ein zusätzliches dielektrisches Substrat (22c)
umfasst, das eine zusätzliche Erderplatte (20a) um-
fasst, die die zweite Fläche (14b) der Grundplatte
(14) bedeckt.

7. Antennensystem umfassend einen ersten und ei-
nen zweiten Strahler, wobei der erste Strahler eine
Antennenvorrichtung nach einem der Ansprüche 1
bis 6 ist, wobei der zweite Strahler ein Reflektor ist.

8. Antennensystem umfassend einen ersten und ei-
nen zweiten Strahler, wobei der erste Strahler eine
Antennenvorrichtung nach einem der Ansprüche 1
bis 6 ist, wobei der zweite Strahler eine Linse ist.

Revendications

1. Dispositif d'antenne comportant :

une antenne réseau (12) incluant une pluralité
d'antennes patch (16) disposées sur une pre-
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mière surface (14a) d'une carte de base (14) et
une pluralité de lignes d'alimentation (18) con-
nectées aux antennes respectives parmi lesdi-
tes antennes patch (16) de manière à rayonner
ou à recevoir une onde électromagnétique via
lesdites antennes patch (16), ladite pluralité
d'antennes patch (16) comportant une pluralité
de premières antennes patch (16a) et une plu-
ralité de secondes antennes patch (16b) for-
mant des premières et secondes antennes
(12a, 12b), lesdites lignes d'alimentation (18a)
connectées auxdites premières antennes
patch (16a) étant formées sur ladite première
surface (14a) de ladite carte de base (14), les-
dites lignes d'alimentation (18b) connectées
auxdites secondes antennes patch (16b) étant
formées sur une seconde surface (14b) de la-
dite carte de base (14) opposée à ladite pre-
mière surface (14a),
un premier circuit d'émission et de réception
(28) pour délivrer des signaux électriques
auxdites premières antennes patch (16a) de la-
dite antenne réseau (12) ou recevoir des si-
gnaux électriques en provenance de celles-ci,
et
un second circuit d'émission et de réception
(30) pour délivrer des signaux électriques
auxdites secondes antennes patch (16b) de la-
dite antenne réseau (12) ou recevoir des si-
gnaux électriques en provenance de celles-ci,

dans lequel ledit premier circuit d'émission et
de réception (28) est agencé sur ladite première
surface (14a) de ladite carte de base (14), ledit se-
cond circuit d'émission et de réception (30) est
agencé sur ladite seconde surface (14b) de ladite
carte de base (14), et lesdits premier et second cir-
cuits d'émission et de réception (28, 30) sont tous
les deux positionnés sur un même côté desdites an-
tennes patch (16), et

un circuit (28, 30) pour sélectionner de maniè-
re facultative des antennes parmi lesdites premiè-
res et secondes antennes patch (16a, 16b) pour
changer les directivités desdites premières et se-
condes antennes (12a, 12b), les unes par rapport
aux autres.

2. Dispositif d'antenne selon la revendication 1, dans
lequel lesdits premier et second circuits d'émission
et de réception (28, 30) sont capables de sélection-
ner n'importe laquelle parmi lesdites antennes
patch (16a, 16b) auxquelles les signaux électriques
doivent être délivrés ou en provenance desquelles
les signaux électriques doivent être reçus et des
phases des antennes patch sélectionnées (16a,
16b).

3. Dispositif d'antenne selon la revendication 1, dans

lequel ladite carte de base (14) comporte une pla-
que de terre (20) constituée d'un matériau conduc-
teur électriquement et d'une paire de substrats dié-
lectriques (22a, 22b) enserrant ladite plaque de ter-
re (20) entre eux,

lesdites lignes d'alimentation (18), ladite pla-
que de terre (20) et l'un desdits substrats diélectri-
ques (22a) disposés entre lesdites lignes d'alimen-
tation (18) et ladite plaque de terre (20) constituent
ensemble des microrubans (24),

lesdites premières antennes patch (16a), la-
dite plaque de terre (20) et ledit substrat diélectrique
(22a) disposé entre lesdites premières antennes
patch (16a) et ladite plaque de terre (20) constituent
ensemble des antennes patch (12a), et

lesdites secondes antennes patch (16b), ladi-
te plaque de terre (20) et un autre desdits substrats
diélectriques (22b) disposé entre lesdites secondes
antennes patch (16b) et ladite plaque de terre (20)
constituent ensemble des antennes patch à coupla-
ge par inductance ayant une pluralité de fentes (26)
formées dans ladite plaque de terre (20).

4. Dispositif d'antenne selon la revendication 1, dans
lequel lesdites premières antennes patch (16a) et
lesdites secondes antennes patch (16b) sont dis-
posées alternativement sur ladite première surface
(14a) de ladite carte de base.

5. Dispositif d'antenne selon la revendication 1 qui
comporte en outre un substrat diélectrique supplé-
mentaire (22c) couvrant ladite seconde surface
(14b) de ladite carte de base (14).

6. Dispositif d'antenne selon la revendication 1, qui
comporte en outre un substrat diélectrique supplé-
mentaire (22c) qui inclut une plaque de terre addi-
tionnelle (20a) couvrant ladite seconde surface
(14b) de ladite carte de base (14).

7. Système d'antenne comportant des premier et se-
cond éléments rayonnants, ledit premier élément
rayonnant étant un dispositif d'antenne conformé-
ment à l'une quelconque des revendications 1 à 6,
ledit second élément rayonnant étant un réflecteur.

8. Système d'antenne comportant des premier et se-
cond éléments rayonnants, ledit premier élément
rayonnant étant un dispositif d'antenne conformé-
ment à l'une quelconque des revendications 1 à 6,
ledit second élément rayonnant étant une lentille.
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