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(54) Patch antenna

(57) A patch antenna is disposed such that a radiat-
ing conductor loaded with a degeneracy splitting element
opposes a ground conductor with a predetermined dis-
tance therebetween. A feeding conductor extends out-
ward from an edge of the radiating conductor, and a tip
of the feeding conductor functions as a feeding section.
A short-circuit pointis setin a region opposite to the feed-
ing conductor in the radiating conductor, and the short-
circuit point S is electrically connected to the ground con-

ductor via a short-circuit conductor. For instance, the ra-
diating conductor and the feeding conductor are dis-
posed on one surface of the dielectric substrate, whereas
the ground conductor is disposed on the other surface
of the dielectric substrate, and the short-circuit conductor
is provided in a through hole provided in the dielectric
substrate. A short-circuit point connected to the short-
circuit conductor in the radiating conductor may be set
on an extension of a line P connecting the center of the
radiating conductor and the feeding conductor.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a planar-feed-
type patch antenna capable of feeding electricity to a
radiating conductor in the same plane as the radiating
conductor is disposed, and more particularly, it relates
to a patch antenna operated as a circularly polarized an-
tenna.

2. Description of the Related Art

[0002] A planar-feed-type patch antenna typically has
aradiating conductor and an impedance matching circuit
disposed on one surface of a dielectric substrate, and a
ground conductor disposed on the other surface of the
dielectric substrate in at least a region opposing the ra-
diating conductor. A feed signal is applied to a certain
position at an edge of the radiating conductor via the
impedance matching circuit. However, since the imped-
ance matching circuit is provided in the configuration, the
patch antenna may be consequently of large size.
[0003] Heretofore, there is known a patch antenna in
which a pair of slits are formed at edges of the radiating
conductor, and a feeding section is provided within a
band-like region interposed between the slits, so that
electricity may be fed directly to the feeding section (for
example, see Japanese Unexamined Patent Application
Publication No. 5-259731, pages 2 to 4, Fig. 2). The
above-mentioned known patch antenna is used for linear
polarization, and impedance may be adjusted by properly
determining the depth of the pair of slits sandwiching the
feeding section. Accordingly, additional provision of the
impedance matching circuit is not necessary, thereby
promoting reduction in size of the patch antenna.
[0004] As described in the related art, the method of
adjusting the impedance according to the formation of
the slits at the edges of the radiating conductor would
not cause any problem when it is applied to a linearly
polarized antenna. However, when the method is applied
to a circularly polarized antenna, it may be difficult to
obtain a good axial ratio characteristic, inevitably causing
deterioration in radiation gain. In particular, when the
known method is applied to the circularly polarized an-
tenna, it is necessary to form slits not only in the vicinity
of the feeding section of the radiating conductor for the
impedance adjustment, but also at other edges extending
in a direction orthogonal to the former slits, for compen-
sation. However, when the number and variety of the slits
formed in the radiating conductor increase, it may be dif-
ficult to adjust resonance characteristics appropriately
for both of the two excitation modes which are electrically
and spatially orthogonal to each other, and accordingly,
the axial ratio characteristic of the circular polarization
may be deteriorated.
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SUMMARY OF THE INVENTION

[0005] In light of the above-described circumstances
of the related art, an object of the present invention is to
provide a planar-feed-type patch antenna for circular po-
larization providing a good axial ratio characteristic and
being of reduced size.

[0006] To attain the above-described object, a patch
antenna according to an aspect of the present invention
includes: a ground conductor; a radiating conductor
which is loaded with a degeneracy splitting element and
disposed so as to oppose the ground conductor with a
predetermined distance therebetween; a feeding con-
ductor which extends from the radiating conductor out-
ward in the radial direction of the radiating conductor so
that a tip of the feeding conductor functions as a feeding
section; and a short-circuit conductor which is disposed
to connect the radiating conductor to the ground conduc-
tor at a predetermined position in a region of the radiating
conductor opposite to the feeding conductor.

[0007] With the radiating conductor of the patch anten-
na configured as described above, a 0 Q impedance
point, at which voltage becomes zero in feeding, is pro-
vided at a location deviated from the center of the radi-
ating conductor and at which the radiating conductor is
connected to the short-circuit conductor, and distribu-
tions of voltage and current would be largely different
from those in a case where the short-circuit conductor is
not provided. Accordingly, it is possible to set the feeding
section with an impedance of 50 Q in the feeding con-
ductor extending outward from the radiating conductor.
Owing to this, feeding with achievement of impedance
matching is available if a coaxial cable or the like with a
characteristic impedance of 50 Q is connected to the
feeding section disposed in the feeding conductor, and
the patch antenna may be of reduced size even though
the slits are not formed in the radiating conductor. In ad-
dition, since it is not necessary to form the slits in the
radiating conductor, itis easy to design the radiating con-
ductor to be of a shape having a good axial ratio charac-
teristic.

[0008] In the above-described configuration, the
number of the short-circuit conductors is appropriately
determined on the basis of the location on the radiating
conductor at which the short-circuit conductor is connect-
ed. For example, when the short-circuit conductor is con-
nected to the radiating conductor at the predetermined
position disposed on an extension of a line connecting
the center of the radiating conductor and the feeding con-
ductor, the short-circuit conductor is required to be pro-
vided only at this one location, thereby facilitating man-
ufacturing. Alternatively, when a first short-circuit con-
ductor is connected to the radiating conductor at a pre-
determined position on a first line connecting the center
of the radiating conductor and the degeneracy splitting
element, and a second short-circuit conductor is connect-
ed to the radiating conductor at a predetermined position
on a second line orthogonal to the first line and passing



3 EP 1796 212 A1 4

through the center of the radiating conductor, the short-
circuit conductors are provided at these two locations,
and accordingly, it becomes possible to adjust the reso-
nance characteristics appropriately for both of the two
excitation modes which are electrically and spatially or-
thogonal to each other, thereby further enhancing im-
provement of the axial ratio characteristic.

[0009] In addition, in the above-described configura-
tion, the radiating conductor and the feeding conductor
may be disposed on one surface of a dielectric substrate,
whereas the ground conductor may be disposed on the
other surface of the dielectric substrate, and the short-
circuit conductoris provided in a through hole penetrating
through the dielectric substrate. This configuration is
preferable because it may provide a patch antenna hav-
ing a simple structure and promoting mass production.
[0010] Withthe patch antennaaccordingtothe present
invention, it is possible to set the feeding section with the
impedance of 50 Q in the feeding conductor extending
outward in the radial direction from the radiating conduc-
tor, by connecting the short-circuit conductor to the radi-
ating conductor at the predetermined position deviated
from the center of the radiating conductor, in the radiating
conductor loaded with the degeneracy splitting element.
Accordingly, there may be provided a patch antenna that
is preferable for achieving reduction in size and does not
need the impedance matching circuit even though the
slits are not formed in the radiating conductor. In addition,
since it is not necessary to form the slits in the radiating
conductor, the radiating conductor may be easily de-
signed to be of a shape having a good axial ratio char-
acteristic, thereby facilitating manufacturing of a patch
antenna for circular polarization which may secure a nec-
essary amount of radiation gain.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a plan view showing a patch antenna ac-
cording to a first embodiment of the present inven-
tion;

Fig. 2 is a cross sectional view of the patch antenna;
Fig. 3 is a characteristic diagram showing radiation
gain of the patch antenna in an elevation angle di-
rection; and

Fig. 4 is a plan view showing a patch antenna ac-
cording to a second embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] For describing an embodiment of the present
invention with reference to the attached drawings, Fig. 1
is a plan view showing a patch antenna according to a
firstembodiment of the presentinvention, Fig. 2 is a cross
sectional view of the patch antenna, and Fig. 3 is a char-
acteristic diagram showing radiation gain of the patch
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antenna in an elevation angle direction.

[0013] A patch antenna 1 shown in these drawings
generally includes a dielectric substrate 2, a radiating
conductor 3 and a feeding conductor 4 disposed on the
top surface of the dielectric substrate 2, a ground con-
ductor 5 disposed on the bottom surface of the dielectric
substrate 2, and a short-circuit conductor 6 provided in
a through hole 2a penetrating through the dielectric sub-
strate 2. The radiating conductor 3 is patterned to be
substantially square-shaped, and two corners corre-
sponding to either end of one diagonal L1 of the square
are cut so as to remove triangular portions and loaded
with degeneracy splitting elements 3a. The feeding con-
ductor 4 extends outward in the radial direction of the
radiating conductor 3 to be projected from a position in
the middle of an edge of the radiating conductor 3 by a
certain distance, and a tip of the feeding conductor 4
functions as a feeding section F, whereby a planar-feed-
type patch antenna is configured. The ground conductor
5 is disposed substantially over the bottom surface of the
dielectric substrate 2, and the radiating conductor 3 op-
poses the ground conductor 5 with the dielectric sub-
strate 2 interposed therebetween. This provides a struc-
ture of a dielectric patch antenna. An upper end of the
short-circuit conductor 6 is connected to the radiating
conductor 3 at a predetermined position thereof, and a
lower end thereof is connected to the ground conductor
5. Thus, a short-circuit point S that is a connection loca-
tion on the radiating conductor 3 connected to the short-
circuit conductor 6 is electrically connected to the ground
conductor 5 via the short-circuit conductor 6. The short-
circuit point S is set on an extension of a line P connecting
the center O of the radiating conductor 3 and the feeding
conductor 4 (feeding section F), namely, it is set at a
position deviated toward the side opposite the feeding
conductor 4 by a predetermined distance from the center
O of the radiating conductor 3.

[0014] The patch antenna 1 is designed such that a
length of the one diagonal L1 of the radiating conductor
3 (a distance between the pair of degeneracy splitting
elements 3a and 3a) is shorter than a length of the other
diagonal L2 by a certain distance, and a phase difference
of about 90 degrees is generated between an excitation
mode along the diagonal L1 and an excitation mode along
the diagonal L2. Accordingly, the patch antenna 1 is_
operated as a one-point feed type, circularly polarized
antenna, by applying a feed signal at a predetermined
frequency to the feeding section F. However, since the
radiating conductor 3 has a0 Qimpedance point, at which
voltage becomes zero in feeding, provided at the con-
nection location (short-circuit point S) at which the radi-
ating conductor 3 is connected to the short-circuit con-
ductor 6 and the connection location is deviated from the
center O of the radiating conductor 3, distributions of volt-
age and current of the radiating conductor 3 would be
largely different from those in a case where the short-
circuit conductor 6 is not provided. For example, a current
distribution curve of the radiating conductor 3 extending
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along the left-right direction shown in Fig. 2 reaches the
maximum value in the vicinity of the short-circuit point S,
but varies relatively gently. Thus, the patch antenna 1
may have the feeding section F with the impedance of
50 Q in the feeding conductor 4 extending outward from
the radiating conductor 3. Owing to this, feeding with
achievement of impedance matching is available if a co-
axial cable or the like with a characteristic impedance of
50 Q is connected to the feeding section F.

[0015] The patch antenna 1 according to the present
embodiment may set the feeding section F with the im-
pedance of 50 Q in the feeding conductor 4 extending
outward in the radial direction from the radiating conduc-
tor 3. Consequently, the patch antenna may be reduced
in size since the impedance matching circuit is not nec-
essary even though the slits are not formed in the radi-
ating conductor 3. In addition, since it is not necessary
to form the slits in the radiating conductor 3, the radiating
conductor 3 may be easily designed to be of a shape
having a good axial ratio characteristic, thereby easily
securing a necessary amount of radiation gain. For ex-
ample, a gain at the elevation angle of 90 degrees is as
good as about 2.4 dBic. Further, the short-circuit conduc-
tor 6 is only required to be provided at one location of the
dielectric substrate 2 in the through hole 2a, thereby sim-
plifying the structure, facilitating manufacturing, and pro-
moting easy mass production.

[0016] Fig. 4 is a plan view showing a patch antenna
according to a second embodiment. Like numbers refer
to like components shown in Fig. 1, and the description
thereof is omitted.

[0017] A patch antenna 10 shown in Fig. 4 is different
from the one described in the first embodiment in that
two short-circuit conductors are connected to the radiat-
ing conductor 3 at two locations. In particular, with the
patch antenna 10, a short-circuit point S1 disposed on
the one diagonal L1 of the radiating conductor 3 is con-
nected to an upper end of a first short-circuit conductor
11, and a short-circuit point S2 disposed on the other
diagonal L2 is connected to an upper end of a second
short-circuit conductor 12. Both lower ends of the short-
circuit conductors 11 and 12 are connected to the ground
conductor (not shown) at the bottom surface of the die-
lectric substrate 2. Since the short-circuit point S1 and
the short-circuit point S2 are separately provided at the
two locations in the radiating conductor 3, it becomes
possible to adjust the resonance characteristics appro-
priately for both of the two excitation modes which are
electrically and spatially orthogonal to each other, there-
by further enhancing improvement of the axial ratio char-
acteristic.

Claims
1. A patch antenna comprising:

a ground conductor;
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a radiating conductor which is loaded with a de-
generacy splitting element and disposed so as
to oppose the ground conductor with a prede-
termined distance therebetween;

a feeding conductor which extends from the ra-
diating conductor outward in the radial direction
of the radiating conductor so that a tip of the
feeding conductor functions as a feeding sec-
tion; and

a short-circuit conductor which is disposed to
connect the radiating conductor to the ground
conductor at a predetermined position in a re-
gion of the radiating conductor opposite to the
feeding conductor.

The patch antenna according to Claim 1, wherein
the short-circuit conductor is connected to the radi-
ating conductor at the predetermined position dis-
posed on an extension of aline connecting the center
of the radiating conductor and the feeding conductor.

The patch antenna according to Claim 1, wherein a
first short-circuit conductor is connected to the radi-
ating conductor at a predetermined position on a first
line connecting the center of the radiating conductor
and the degeneracy splitting element, and a second
short-circuit conductor is connected to the radiating
conductor at a predetermined position on a second
line orthogonal to the first line and passing through
the center of the radiating conductor.

The patch antenna according to any one of Claims
1 through 3, wherein the radiating conductor and the
feeding conductor are disposed on one surface of a
dielectric substrate, whereas the ground conductor
is disposed on the other surface of the dielectric sub-
strate, and the short-circuit conductor is provided in
athrough hole penetrating through the dielectric sub-
strate.
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