PATCH ANTENNA DESCRI PTI ON BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present
invention relates to a planar-feed-type patch antenna
capabl e of feeding electricity to a radiating
conductor in the same plane as the radiating conductor
is disposed, and nore particularly, it relates to a
patch antenna operated as a circularly polarized
antenna. 2. Description of the Related Art A

pl anar - f eed-t ype patc% fenn ically has a

radi ati ng conduct or ¢ pﬁﬁgﬁéﬁ%e mat ching circuit
di sposed on one surface of a dielectric substrate, and
a ground conductor disposed on the other surface of

the dielectric substr ast a region
opposi ng the radiatingﬁﬁ%ﬁgﬁ%bgkf A feed signal is
applied to a certain position at an edge of the
radiating conductor via the inpedance nmatching
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|ng section i s provi an
paﬂéﬂyéﬂkéndb 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 antenna.
2. Description of the Related Art
A planar-feed-type patch antenna typically has a
radiating 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
radiating conductor. A feed signal is applied to a certain
position at an edge of the radiating conductor wvia the
impedance matching circuit. However, since the impedance
matching circuit is provided in the configuration, the patch
antenna may be consequently of large size.
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
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i nt erposed between the slits, so that electricity may
be fed directly to the feeding section (for exanple,
see Japanese Unexam ned Patent Application
Publ i cati on No. 5-259731, ©pages 2 to 4, Fig. 2). The
above-nenti oned known patch antenna is used for

i near pol arization, and inpedance may be adj usted by
properly determ ning the depth of the pair of slits
sandw ching the feeding section. Accordingly,
addi ti onal provision of the inpedance matching circu
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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 antenna,
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 compensation.

However, when the number and variety of the slits formed in

the radiating conductor increase, it may be difficult to



the radi ating conductor increase, it may be difficult
to 2 adjust resonance characteristics appropriately
for both of the two excitation nodes which are
electrically and spatially orthogonal to each other,
and accordingly, the axial ratio characteristic of
the circular polarization nmay be deteriorated.
SUMVARY OF THE I NVENTION In Iight of the
above-described circunstances of the related art, an
object of the present invention is to provide a
adjy Fuﬁe??ﬁﬁp??p%h%ETEHEEh?Eﬁﬁﬁ PBPrEPFéBFSFY for both of
ol ari zatjon providin ood axial ratio
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dj sposed so as to oppose the ground conductor with a
be 4%£§§%§¥ﬁ%% *di stance therebetween; a feeding
conductor whi ch extends fromthe radiating conductor
outward in the radial direction of the radiating
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conductor to the groun ctor at predet er m ned
related art, an object of the present invention is to

provide a planar-feed-type patch antenna for circular
pelarization providing a good axial ratio characteristic and
being of reduced size.

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 conductor which extends from the
radiating conductor ocutward in the radial direction of the
radiating conductor so that a tip of the feeding conductor
functions as a feeding sectioﬂ; and a short-circuit
conductor which is disposed to connect the radiating
conductor to the ground conductor at a predetermined
position in a region of the radiating conductor opposite to

the feeding conductor.



position in a region of the radiating conductor
opposite to the feeding conductor. - 3 Wth the
radi ati ng conductor of the patch antenna configured
as descri bed above, a 0 Q i npedance point, at which
vol t age beconmes zero in feeding, is provided at a
| ocation deviated fromthe center of the radiating
conductor and at which the radiating conductor is
connected to the short-circuit conductor, and
distributions of voltage and current wuld be Iar%FIy
di Vi&hehher rafiehdeg cRRAUCIOE ofhdhe Dgdch antenn
short-circuit conductor. is not provided, Accordinglx
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AccMeMergisscrithed GuYdrati et hendUrdedid $d€tion with
an impedance of 50 Q2 in the feeding conductor 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 addition, since it is not
necessary to form the slits in the radiating conductor, it
is easy to design the radiating conductor to be of a shape
having a good axial ratio characteristic.

In the above-described configuration, the number 6f the
short-circuit conductors is appropriately determined on the
basis of the location on the radiating conductor at which

the short-circuit conductor is connected. For example, when

the short-circuit conductor is connected to the radiating



short-circuit conductors is appropriately determ ned
on the basis of the location on the radiating
conductor at which the short-circuit conductor is
connected. For exanple, when the short-circuit
conductor is connected to the radiating - 4 conductor
at the predeterm ned position disposed on an
extension of a line connecting the center of the
radi ating conductor and the feeding conductor, the
I%ﬂfrt-circuit conductor, is_requjred to. be provided
co eorpé:‘
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rati o characteristic. In addition, in the
condiuMRTd aSC Id it rdH itIrttid ofadid¥ing conductor at a
predetermined position on a second line orthogonal to the
first line and passing 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 resonance characteristics appropriately for both
of the two excitation modes which are electrically and
spatially orthogonal to each other, thereby further
enhancing improvement of the axial ratio characteristic.

In addition, in the above-described configuration, 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 conductor is

provided in a through hole penetrating through the

dielectric substrate. This configuration is preferable




radi ati ng conductor and the feeding conductor may be
di sposed on one surface of a dielectric substrate,
whereas the ground conductor nay be di sposed on the
ot her surface of the dielectric substrate, and the
short-circuit conductor is provided in a through hole
penetrating through the dielectric substrate. This
configuration is preferable - 5 because it may
provi de a patch antenna having a sinple structure and
ronoting NMBsS uction. Wth the patch antenna
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characteristic, thereby
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 designed to be of a
shape having a good axial ratio characteristic, thereby
facilitating manufacturing of a patch antenna for circular
pelarization which may secure a necessary amount of

radiation gain.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view showing a patch antenna according
to a first embodiment of the present invention;

Fig. 2 is a cross secticnal view of the patch antenna;



facilitating manufacturing of a patch antenna for
circular polarization which my secure a necessary
anount of radiation gain. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a plan view show ng a patch antenna
according to a first enbodi nent of the present
invention; Fig. 2 is a cross sectional view of the

patch antenna; - 6 Fig. 3 is a characteristic
di agram showi ng radi ation gain of the patch antenna
in_an elevation _angle direction, and Fig. 4 is a plan
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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 first embodiment
of the present invention, Fig. 2 is a cross sectional view
of the patch antenna, and Fig. 3 is a characteristic diagram
showing radiation gain of the patch antenna in an elevation
angle direction.

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 conductor 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 substrate 2. The
radiating conductor 3 is patterned to be substantially
square-shaped, and two corners corresponding to either end
of one diagonal L1 of the square are cut so as to remove

triangular portions and loaded with degeneracy splitting



di el ectric substrate 2, a ground conductor 5 di sposed
on the bottomsurface of the dielectric substrate 2,
and a short- circuit conductor 6 provided in a through
hol e 2a penetrating through the dielectric substrate
2. The radiating conductor 3 is patterned to be
substantially square-shaped, and two corners
corresponding to either end of one diagonal L1 of the
square are cut so as to renove triangular portions
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dielectric substrate 2 interposed therebetween. This
provides a structure 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 location 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.

The patch antenna 1 is designed such that a length of



connection |l ocation on the radiating conductor 3
connected to the short-circuit conductor 6 is

el ectrically connected to the ground conductor 5 via
the short-circuit conductor 6. The short-circuit
point Sis set on an extension of a line P connecting
the center 0 of the radiating conductor 3 and the
feedi ng conductor 4 (feeding section F), nanely, it is
set at a position deviated toward the side opposite
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conduct or is connected to the short-circuit
However, since the radiating conductor 3 has a 0 Q impedance
point, at which voltage becomes zero in feeding, provided at
the connection location (short-circuit point S) at which the
radiating conductor 3 is connected to the short-circuit
conductor 6 and the connection location is deviated from the
center O of the radiating conductor 3, distributions of
voltage 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 conductoxr 3 extending
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 2 in the

feeding conductor 4 extending outward from the radiating

conductor 3. Owing to this, feeding with achievement of




conductor 6 and the connection |ocation is deviated
fromthe center O of the radiating conductor 3,

di stributions of voltage and current of the radiating
conductor 3 would be largely different fromthose in
a case where the short- circuit conductor 6 is not
provi ded. For exanple, a current distribution curve
of the radiating conductor 3 extending along the
left-right direction shown in Fig. 2 reaches the
maxi mum val ue in the vicinitngg the short-circu
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necessary to formthe slits in the radiating _
not formed in the radiating 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 example, a gain at the elevation
angle of 90 degrees is as good as about 2.4 dBic. Further,
the short-circuit conductor 6 is only required to be
provided at one location of the dielectric substrate 2 in
the through hole 2a, thereby simplifying the structure,
facilitating manufacturing, and promoting easy mass
production.

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.
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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 exanple, a gain at the
el evation angle of 90 degrees is as good as about 2.4
dBic. Further, the short-circuit conductor 6 is only
required to be provided at one | ocation of the
dielectric substrate 2 in the through hol e 2a,
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a Seco rt-circuit conductor 12. Both
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 dielectric substrate 2. Since the short-
circuit point S1 and the short-circuit point 52 are
separately provided at the two locations in the radiating
conductor 3, it becomes possible to adjust the resonance
characteristics appropriately for both of the two excitation
modes which are electrically and spatially orthogonal to
each other, thereby further enhancing improvement of the

axial ratio characteristic.




| ower ends of the short-circuit conductors 11 and 12
are connected to the ground conductor (not shown) at
the bottom surface of the dielectric substrate 2.
Since the short- circuit point Si and the
short-circuit point S2 are separately provided at the
two locations in the radiating conductor 3, it
beconmes possible to adjust the resonance
characteristics appropriately for both of the two
excitation nodes which are_electrically and spatially
orthogonal to each other?Leﬁ%§eby further enhancing

i nprovenent of the axial ratio characteristic. - 11
CLAIMS 1. A patch antenna conprising: a ground
conductor; .a_radiating condyctor which is | oaded with
a degeftePaEGh EPLERMAN GOBPEREAN %nd di sposed so as to
oppose th round, conductor with a predeterm ned
di8t8ﬁ88ngth8§EFﬁ€§H; a feedi ng conductor which

extends.fromthe radiating. conductaqr djn.t
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ground conductor at a predetermned position in a
regi @Qe@li nyn@ oY AYNFhich extends £rom the radiating
conductor outward 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 conductor at a

predetermined position in a region of the radiating

conductor opposite to the feeding conductor.

2. The patch antenna according to Claim 1, wherein the
short-circuit conductor is connected 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 conductor.

3. The patch antenna according to Claim 1, wherein a
first short-circuit conductor is connected to the radiating

conductor at a predetermined position on a first line



conductor opposite to the feeding conductor. 2. The
patch antenna according to Claim1, wherein the
short-circuit conductor is connected to the radiating
conductor at the predeterm ned position disposed on an
extension of a line connecting the center of the

radi ati ng conductor and the feeding conductor. 3. The
pat ch antenna according to aim1l, wherein a first
short-circuit conductor is connected to the radiating
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cot e other surface of the dielectric substrate, and

the short- circuit conductor is provided in a through
hol e penetrating through the dielectric substrate. -

134. 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 substrate, and the short-
circuit conductor is provided in a through hole penetrating

through the dielectric substrate.
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