METHOD OF FEEDI NG ELECTRI C PONER TO A PLANE ANTENNA AND A PLANE
ANTENNA . Technical Field The present invention relates to a

nmet hod of feeding electric power to a plane antenna and to a pl ane antenna.
More particularly, the invention relates a nmethod of feeding electric power
to a plane antenna which is designed for decreasing the thickness and for
facilitating the assenbling, and to a plapje antenna capable of transmtting
and receiving vertically polarized waves and horizontally polarized waves,
or levo-rotary polarlzed waves_and IH:gxtro-rotaré ol ari zed
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Technical Field

The present invention relates to a method of feeding
electric power to a plane antenna and to a plane antenna. More
particularly, the invention relates a method of feeding electric
power to a plane antenna which is designed for decreasing the
thickness and for facilitating the assembling, and to a plane
antenna capable of transmitting and receiving vertically
polarized waves and horizontally polarized waves, or levo-rotary
polarized waves and dextro-rotary polarized waves.

Background Art

There has heretofore been known a plane antenna using
a loop-type antenna element. In the plane antenna of this kind,
both ends of a square or a circular loop-like antenna element
are connected to balanced line connection terminals of a
balanced~to~unbalanced conversion circuit and of an impedance
conversion circuit through balanced feeder lines, and unbalanced
line connection terminals of the balanced-to-unbalanced
conversion circuit and of the impedance conversion circuit are
connected to a receiver or to a transmitter through a coaxial
cable.

When a feeding point is provided on a horizontal
portion of the antenna element, there is obtained a plane
antenna for the horizontally polarized waves and when a feeding
point is located on a vertical portion, there is obtained a
plane antenna for the vertically polarized waves.

If the loop-type antenna element is provided with
slide element portions, a phase difference of 90 degrees is
produced between the horizontally polarized waves and the
vertically polarized waves due to the reactance formed by the
areas and shape of the slide element portions, whereby the
linearly polarized waves are converted into circularly polarized
waves, forming a plane antenna for the circularly polarized
waves. When the slide elements are provided at positions of



both ends of a square or a circular |oop-like antenna el ement are connected
to bal anced Iine connection termnals of a bal anced-t o-unbal anced
conversion circuit and of an inpedance conversion circuit through bal anced
feeder lines, and unbal anced |ine connection term nals of the

bal anced-t o- unbal anced conversion circuit and of the inpedance conversion
circuit are connected to a receiver or topa transmtter through a coaxial
cabl e. When a feeding point is provided on a horizontal portion

of the antenna ele t, there |s _obtai | ane antenna for th .
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Thus, the conventional plane antenna requires a
balanced-to-unbalanced conversion circuit and an impedance
conversion circuit, i.e., requires an increased number of parts
and an increased number of assembling steps, dri%ing up the
cost. It has therefore been desired to provide a plane antenna
in a small size having a decreased thickress. Besides, a single
antenna is not capable of transmitting and receiving
horizontally polarized waves and vertically polarized waves, or
levo-rotary polarized waves and dextro-rotary polarized waves.
To cope with two kinds of polarization modes of the horizontally
polarized waves and vertically polarized waves, or the levo-
rotary polarized waves and dextro-rotary polarized waves, there
must be installed antennas of two systems occupying considerable
space and requiring a cost.

Thus, there arouses a technical problem that must be
solved for providing a plane antenna which is fabricated using a
decreased number of parts in a small size, and which is capable
of coping with the two kinds of polarization modes of the
horizontally polarized waves and vertically polarized waves or
the levo-rotary polarized waves and dextro-rotary polarized
waves, though the antenna is used in a number of only one.

Disclosure of the Invention

The invention was proposed in order to accomplish the
above-mentioned object, and provides a method of feeding
electric power to a plane antenna in which a plane antenna
element is arranged in parallel with a ground plane, a feeder
conductor is arranged between the plane antenna element and the
ground plane, the feeder conductor being in parallel with the
peripheral edges of the plane antenna element, a central

b



2 about -45 degrees and about +135 degrees fromthe power-feeding point of
the antenna el enent as viewed fromthe front, there is obtained a plane
antenna for |evo-rotary polarized waves. Wen the slide elenents are
arranged at positions of about +45 degrees and about -135 degrees fromthe
power - f eedi ng poi nt of the antenna el enent as viewed fromthe front, there
I's obtained a plane antenna for the dextr®-rotary polarized waves.

Thus, the conventional plane antenna requires a bal anced-to-unbal anced
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in parallel with a ground plane, feeding points of a first
feeder conductor and of a second feeder conductor are arranged
being separated away by 90 degrees from the center of the plane
antenna element, the first feeder conductor and the second
feeder conductor are provided in parallel with the peripheral
edges of the plane antenna element between the plane antenna
element and the ground plane, the central conductors of coaxial
lines of two systems are separately connected to the feeding
points of the first feeder conductor and of the second feeder
conductor, and the external conductors of the coaxial lines of
the two systems are connected to the ground plane to feed
electric power from the first feeder conductor or the second
feeder conductor to the plane antenna element through the
electromagnetic coupling so as to transmit and receive the
horizontally polarized waves and the vertically polarized waves.

The invention further provides a plane antenna in
which a plane antenna element of the plane antenna having the
first and second feeder conductors is further provided with
slide elements positioned at an equal distance from the first
and second feeding points so as to transmit and receive the
levo-rotary polarized waves and the dextro-rotary polarized
waves.

Brief Description of the Drawings
Fig. 1 is a diagram illustrating a method of feeding
electric power to a plane antenna;

Fig. 2 is a graph of return loss characteristics of
the plane antenna of Fig. 1;

Fig. 3 is a graph of a radiation pattern of the plane

antenna of Fig. 1 of when 8 = 0 degrees (front direction of the



space and requiring a cost. Thus, there arouses a technica

probl em that nust be solved for providing a plane antenna which is .

fabricated using a decreased nunber of parts in a small size, and which is

capabl e of coping with the two kinds of polarization nodes of the
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antenna is used in a nunber of only one. Di scl osure of the Invention

The invention was, proposed in order to acconplish the above-nentioned

obj ect, an&nﬁ?BgPHES a method of feeding electric power to a plane antenna

in which a plane ant @hga elisnﬁngﬁaphgbfaageﬁ ia?ﬁﬁnﬁﬁd qhinibhhahg{gmgﬁ% | .
| ane, a f 0 r4 rrae etween the pl ane antenna el enent an

Phe. ar ound o anaa BECFILL 7 DebehBRAE loR SIE FrdatBnPaf e/ Wi th the

peri pheral edges of Fag.pdare adiagrancidhestratimpentheaplane antenna

according to another embodiment;

Fig. 6 is a diagram illustrating a plane antenna for
the horizontally polarized waves and vertically polarized waves;

Fig. 7(a) is a front view of the plane antenna and
Fig. 7(b) is a side view thereof; _

Fig. 8 is a diagram illustrating a plane antenna;

Fig. 9(a) is a front view of the plané}antenna and
Fig. 9(b) is a side view thereof; '

Fig. 10 is a front view of a plane antenna element;

Fig. 11 is a graph showing axis ratio/frequency
characteristics of three kinds of plane antennas; and

Fig. 12 is a front view of the plane antenna element.

Best Mode for Carrying Out the Invention

An embodiment of the invention will now be described
with reference to the drawings. Fig. 1 is a diagram
illustrating the structure of a plane antenna 1 for the dextro-
rotary polarized waves, which is constituted by a plane antenna
element 2 of the shape of a square loop having a circumferential

- length C (about one wavelength), an inverse L-shaped feeder

conductor 3 having a length LV + LH, slide element portions 4a
and 4b of a length AL for generating circularly polarized

waves, and a ground plane 5 which is a metal plate having an
area larger than that of the plane antenna element 2.

Here, let it now be presumed that the wire radius of
the plane antenna element 2 is p, the height of the plane
antenna element 2 from the ground plane 5 is h, the

circumferential length is C = 1.032A1 475, h = 0.0491 X 47, AL =

0.029& 1,472, LV = 0.014A 4,472, and LH = 0.236A 4,472, where A4 472

is a free space wavelength at a design frequency of 1.472 GHz.
The plane antenna element 2 is arranged over the
ground plane 5 in parallel therewith. The ground plane 5 has a



3 ~conductor of a coaxial line is connected to an end of the feeder
conductor, and an external conductor of the coaxial line is connected to
the ground plane so that the electric power is fed fromthe coaxial line to
t he -pl ane antenna el ement through the el ectromagnetic coupling.

The invention further provides a plane antenna in which a square or a
circular plane antenna el enment is disposegl in parallel with a ground plane,
feeding points of a first feeder conductor and of a second feeder conductor
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central conductor 7a of a coaxial feeder line, and an outer
conductor 7b of the coaxial feeder line is connected to the
ground plane 5, to feed electric power from the feeder conductor
3 to the ground plane 5 through the electromagneﬁic coupling.
Figs. 2 to 4 show characteristics of the plane
antenna, wherein Fig. 2 shows return loss of a 50-ohm coaxial
line. A band in which the return loss is not larger than -14 dB

is 1.5% (from 1.461 GHz to 1.483 GHz):
Fig. 3 shows a radiation pattern of when 8 = 0 degree

(direction of front surface of the antenna), wherein the half-
power beam width of the dextro-rotary deflected waves (Eg) is
about 70 degrees, and the inversely defected wave component (Eg)
is ~-20 4B or smaller.

Fig. 4 shows the axis ratio (A.R.) and the gain
depending on the frequency, wherein a circularly deflected wave
radiation band in which the axis ratio is not larger than 3 dB
is about 0.5%. The gain at a center frequency is 9.4 dB, and a
change in the gain in this band is about 0.1 dB.

Though not diagramed, if the positions of the slide
element portions 4a and 4b are turned by 180 degrees and the
direction of the feeder conductor 3 is inverted right side left,
then there is obtained a plane antenna for the levo-rotary
polarized waves. If the slide element portions 4a and 4b are
removed from the plane antenna element 2, then, there is
obtained a plane antenna for the linearly polarized waves that
correspond to the horizontally polarized waves or the vertically

polarized waves.

Fig. 5 illustrates another embodiment in which the



whi ch a pl ane antenna el enent of the plane antenna having the first and
second feeder conductors is further provided with slide elenents positioned
at an equal distance fromthe first and second feeding points so as to
transmt and receive the levo-rotary pol arized waves and the dextro-rotary
pol ari zed waves. Brief Description of the Draw ngs Fig. 1is a
diagramillustrating a nethod of feeding&lectric power to a plane antenna;
Fig. 2 is a graph of return | oss characteristics of the plane antenna of
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4 position corresponding to a corner of the square plane antenna
element 2, and the feeder conductor 3 is arranged in parallel
with a side of the square plane antenna element 2.

Fig. 6 is a diagram illustrating the structure of a
plane antenna 11 capable of transmitting and receiving both the
horizontally polarized waves and the vertically polarized waves,
which is constituted by a plane antenna element of the shape of
a square loop having a circumferential length C (about one
wavelength), two feeder conductors 13 and 14 having a length LV
+ LH (about 1/4 wavelength), and a ground plane 15.

The plane antenna element 12 is arrangéd over the
ground plane 15 in parallel therewith, and the feeder conductors
13 and 14 of an inverse L-shape rising through the ground plane
15 are arranged between the plane antenna element 12 and the
ground plane 15. The ground plane 15 has conductor through
holes 16 and 17 just under an intermediate point of a horizontal
element portion 12H of the plane antenna element 12 and just
under an intermediate point of a vertical element portion 12V.
The two feeder conductors 13 and 14 are not brought into contact
with the ground plane 15 but are inserted at their ends which
are the feeding points in the conductor through holes 16 and 17.

The feeder conductor 13 that vertically rises through
the conductor through hole 16 facing the horizontal element
portion 12H, is bent at right angles toward the left as viewed
from the front, extends along the horizontal element portion 12
and the left vertical element portion 12V, and reaches an
intermediate point of the left vertical element portion 12V.

The feeder conductor 14 that vertically rises through the
conductor through hole 17 facing the right vertical element
portion 12V, is bent at right angles upward in Fig. 6, extends
along the vertical element portion 12V and the upper horizontal
element portion 12H, and reaches an intermediate point of the
upper horizontal element portion 12H.

The ends of the feeder conductors 13 and 14
penetrating through to the back surface side of the ground plane
15 are connected to central conductors 18a and 19a of separate



antenna); - Fig. 4 is a graph of axis ratio and gain ofthe plane
antenna of Fig. 1 depending on the frequency; Fig. 5 i1s a diagram
illustrating the plane antenna according to another enbodi nent;

Fig: 6 is a diagramillustrating a plane antenna for the horizontally

pol ari zed waves and vertically pol arized waves; Fig. 7(a) is a
front view of the plane antenna and Fig.77(b) is a side view thereof;

Fig. 8 is a diagramillustrating a plane antenna, Fig. 9(a) is a
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vertically polarized waves are radiated. Upon feeding the
electric power by changing over the horizontal feeder conductor
13 and the vertical feeder conductor 14, the horigontally
polarized waves and the vertically polarized waves can be
received or transmitted using a single plane antenna 11.

The electric power is fed through the electromagnetic
coupling to the plane antenna element 12 from the feeder
conductors 13 and 14 arranged close to the plane antenna element
12 of the shape of a loop; i.e., the electric power is fed to
the plane antenna element 12 by changing over the feeder lines
of two systems to cope with both the horizontally polarized
waves and the vertically polarized waves. The feeder lines are
not connected to the plane antenna element 12 and have a low
impedance, making it possible to decrease the gap between the
antenna element and the ground plane and, hence, to constitute
» an antenna featuring small thickness and high sensitivity. The

antenna can be easily assembled since no connection is necessary
between the plane antenna element and the feeder lines.
Referring to Fig. 7, a plane antenna element 22 of a
plane antenna 21 for the horizontally/vertically polarized waves
is formed of an electrically conducting metal plate in the shape
of a plane square loop having a predetermined width in the
radial direction. Feeder conductors 23 and 24 of an inverse L-
shape, too, are formed of a metal plate like the plane antenna
element 22, and have a width larger than the feeder conductors
made of wires. An annular line passing through midway between
the inner circumference and the outer circumference of the plane
antenna element 22 has a circumferential length nearly equal to

a free space wavelength A 472 at a design frequency of 1.472



and 4b of a length AL for generating circularly polarized waves, and a
ground plane 5 which is a netal plate having an area |arger than that of
the plane antenna el enent 2. Here, let it now be presuned that
the wire radius of the plane antenna elenent 2 is p, the height of the

pl ane antenna elenment 2 fromthe ground plane 5 is h, the circunferenti al
length is C= 1.032[err], h = 0.0491[errg, [err]L = 0.029[err], LV =

0.814[err%, and LH = O.ZSGEeEL&, where [err] is a free space wavel ength at
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Similarly, the feeder conductors 23 and 24 of the shape of a
flat plate offer a wider frequency band than the feeder
conductors made of wires.

The plane antenna 31 for the circularly polarized
waves shown in Fig. 8 comprises a plane antenna element 32 of
the shape of a loop provided with two slide element portions 33

having an element length of AL = 0.029A; 45, as slide elements

for synthesizing the circularly polarized waves. . As shown, the
slide element portions 33 are protruding toward the central
direction at two places, i.e., at a corne} between the lower
horizontal element portion 32H on where a feeding point 34a of
one feeder conductor 34 is located and a right vertical element
portion 32V on where a feeding point 35a of another feeder
conductor 35 is located, and at a corner at a symmetrical
position turned by 180 degrees from the above corner.

When the electric power is fed from the horizontal
feeder conductor 34, the phase of the vertically polarized wave
component is delayed by 90 degrees behind the phase of the
horizontally polarized wave component due to the reactance of
the slide element portions 33, and the dextro-rotary polarized
ot waves are radiated in the +Z direction (upward in the drawing)
from the plane antenna element 32. When the electric power is
fed from the vertical feeder conductor 35, further, the phase of
the horizontally polarized wave component is delayed by 90
degrees behind the vertically polarized wave component, and the
levo-rotary polarized waves are radiated in the +Z direction
from the plane antenna element 32. Upon changing over the
horizontal feeder conductor 34 and the vertical feeder conductor
35, the levo-rotary polarized waves and the dextro-rotary
polarized waves can be transmitted and received using a single
plane antenna 31.

The plane antenna element 41 shown in Fig. 9 comprises
a metal plate in which a central hole is formed, and has slide



contact with the ground plane 5, rises upright through the conductor

t hrough hole 6, is bent in a horizontal direction, and is arranged in
parallel with the plane antenna elenment 2 along the |oop of the plane
ant-enna el enent 2. An end of the feeder conductor 3 penetrating
through to the back surface side of the ground plane 5 is connected to a
central conductor 7a of a coaxial feedeg line, and an outer conductor 7b of
the coaxial feeder line is connected to the ground plane 5, to feed
electric $gmer from,.t.he fgg er congduct qr o,the roungﬁflane 5_t hrough
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of the slide Fig. 11 shows axis ratio characteristics of the plane
antennas using plane antenna elements of Figs. 8} 9 and 10,
wherein a curve A represents characteristics of a plane antenna
element 32 made of a wire of Fig. 8, a curve B represents
characteristics of an antenna element 41 made of a metal plate
of Fig. 9, and a curve C represents characteristics of an
antenna element 51 made of a metal plate of Fig. 10. The
ordinate represents the axis ratio (A.R.), the abscissa
represents the frequency (f), and it will be learned that the
frequency band increases with an increase in the width of the
element, and the antenna element 51 features a broadest
frequency band as represented by the curve C.

A plane antenna element 61 shown in Fig. 12 has slide
element portions 62 protruded in the radial direction from the
corners at two opposing places of a square metal plate. This is
a modified embodiment from that of Fig. 10. That is, since the
width of the plane antenna element 51 of Fig. 10 is increased as
much as possible, the elongated hole at the center is
extinguished, and the slide element portions 62 are provided on
the outer sides.

Though the above-mentioned embodiments have dealt with
plane antenna elements of a square shape, the plane antenna
element may have a circular shape without being limited to the
above-mentioned embodiments. Further, the invention can be
modified in a variety of ways within the technical scope of the
invention, and the invention encompasses such modified
embodiments as a matter of course.



el ement portions 4a and 4b are turned by 180 degrees and the direction of
the feeder conductor 3 is inverted right side left, then there is obtained
a plane antenna for the levo-rotary polarized waves. |If the slide el enent
portions 4a and 4b are renoved fromthe plane antenna el enment 2, then,
there is obtained a plane antenna for the linearly polarized waves t hat
correspond to the horizontally polarizedigaves or the vertically polarized
waves. Fig. 5 illustrates another enbodinent in which the

6 conductqr .throu ole 6.i.g.formed in the ground plane 5 at a position
correspond&H&quréggOgbﬁii?ﬁbi;ﬁgysquare pl ane antenna el enment 2, and the
feeder conductor 3 iacaordimgpca rtheamethet of t feedigicdelerthe, BEURF etPl ane
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of a plane antenna 11 capable o ansmtting and receiV|ng botf thq:
the feeder line is not connected to the plane antenna element,

and the electric power is fed to the plane antenna element from
the feeder conductor arranged close to the plane antenna element
through the electromagnetic coupling. This makes it possible to
decrease the input impedance of the plane antenna, to decrease
the gap between the antenna element and the ground plane and,
hence, to realize an antenna featuring a decreased thickness and
high sensitivity. Further, the antenna can be e%sily assembled

[ since no connection is necessary between the plane antenna
element and the feeder line. ‘

Owing to the above-mentioned method, the electric
power can be fed to a plane antenna element from the feeder
lines of a plurality of systems. Upon feeding the electric
power by changing over the feeder lines of the two systems, it
is allowed to transmit and receive the electromagnetic waves of
two kinds of polarization modes, i.e., the horizontally
polarized waves and the vertically polarized waves, or the levo-
rotary polarized waves and the dextro-rotary polarized waves,
making it possible to realize a plane antenna featuring a
decreased thickness and a multiplicity of functions. Upon
expanding the width of the loop-shaped plane antenna element,
further, the frequency band width is broadened. By employing
the feeder conductors of the shape of flat plates, further, the
frequency band is more expanded, and the plane antenna features
an enhanced practicable performance.



hori zontally pol arized waves and the vertically polarized waves, which is
constituted by a plane antenna el enent of the shape of a square | oop having
a circunferential length C (about one wavel ength), two feeder conductors 13
and 14 having a length LV + LH (about 1/4 wavel ength), and a ground pl ane
15. The pl ane antenna el enent 12 is arranged over the ground

pl ane 15 in parallel therewith, and the Téeder conductors 13 and 14 of an

i nverse L-shape rising through the ground plane 15 are arranged between the
pl ane ant epfiagrgtenent 12 and the ground plane 15. The ground pl ane 15 has
conductor through holes 16 and 17 just under an internedi ate point of a
hori zontal el enment portion 12H of the plane antenna el enent 12 and j ust
under an internedi ata ﬂethmd(ﬁféfééﬂﬁhgc&leéiﬁiﬁﬂﬁbw@&rtboa ph23ne Tareténima

f eeder conduc 1 o] ht_ in t h wound

pl ane 15 bg g’geéPngeﬁ]g atn%teﬁléllgrglén H%h%scﬁrtgggggﬁegﬁe%#éﬁ%o%% :én t he
conduct or giesndhphanes d Eemderl zonductor is &nmgngeddbetwgﬂ@Lkhenplﬁma:hat

vertical | yah't%ﬁﬁat B1 anik: Ly %@de%eﬁatﬁwh tlml %eéée%aééﬁkﬂzéélﬁ- being
hori zontal elenent_portjon 12H, 1S bent_"at rig toward the left as

vi ewed frorfPt RETRLLRE W’e‘i@f&rﬂfspﬁéﬁﬁe{:% ‘I’Féﬁqsz&?t §PgeP ARAtABFMDN 12 and
the | eft veleneak, ehe@@m&ramrddnanciay ofingl dxdhas lanei hs ecomokbatieri pa nt  of

he | ef i_cal 12V, _Th d
verti cal 1y 31 668 o BBt aRE SRaRRter (i G RS T e el Ue e
vertical elcomsialpdineohs krnactedeho Eherqqpmnda@gaes apmbhdt|¢h¢ﬂg 6,
extends al QiQckRecVEEkdr s HRMBMmPehs | Shslidd aRdet B8 HHQ%lQ&E | AR

( element through the electromagnetic coupling.

2. A plane antenna in which a square or a circular plane
antenna element is disposed in parallel with a ground plane,
feeding points of a first feeder conductor and of a second
feeder conductor are arranged being separated away by 90 degrees
from the center of the plane antenna element, the first feeder
conductor and the second feeder conductor are provided in
parallel with the peripheral edges of the plane antenna element
between the plane antenna element and the ground plane, the
central conductors of coaxial lines of two systems are
separately connected to the feeding points of the first feeder
conductor and of the second feeder conductor, and the external
conductors of the coaxial lines of the two systems are connected
to the ground plane to feed electric power from the first feeder
conductor or the second feeder conductor to the plane antenna
element through the electromagnetic coupling so as to transmit
and receive the horizontally polarized waves and the vertically
polarized waves.

3. A plane antenna according to claim 2, wherein the
plane antenna element is the one formed of an electrically
conducting wire member in the shape of a square or a circular
closed loop.

4. A plane antenna according to claim 2, wherein the
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el enment portion 12H, and reaches an internedi ate point of the upper
hori zontal el enent portion 12H. The ends of the feeder
conductors 13 and 14 penetrating through to the back surface side of the
ground plane 15 are connected to central conductors 18a and 19a of separate
7 coaxial feeder lines, and external conductors 18b and 19b of the coaxi al
feeder lines are connected to the groundyplane 5 to feed electric power
fromthe feeder conductor 13 or 14 to the plane antenna el enment 12 through
the electrg netic coupling., . Wh he electric paower is fed from
the hori zoﬁ?%?ef%r&%}nac&}&ﬂ‘%%rlifh? r?é‘%@%?f&?ﬁt ﬁﬁf‘ € pot &t icgﬁfe\féa\ﬁfé’ggare
radi at ed f fomihg ®lcerdtrait bohe &heasmduai?2 amdawhéncuher edlestyricagdyer is
fed fromt fcal A ductor 14, the vertically polarized waves
ng&%{i&f e%lf'i%dl ngﬂltEﬁSQP

are radiate Upon e el ectric power by changing over the
hori zontal feeder conductor

5. A plane antenna in which a square or a circular plane
antenna element is disposed in parallel with a ground plane,
feeding points of a first feeder conductor and of a second
feeder conductor are arranged being separated away by 90 degrees
from the center of the plane antenna element, the first feeder
conductor and the second feeder conductor are provided in
parallel with the peripheral edges of the plane %ntenna element
and in the opposite directions relative to each other between
the plane antenna elemént and the ground ‘plane, slide elements
are provided for the plane antenna element at positions of an
equal distance from the first and second feeding points, the
central conductors of coaxial lines of two systems are
separately connected to the feeding points of the first feeder
conductor and of the second feeder conductor, and the external
conductors of the coaxial lines of the two systems are connected
to the ground plane to feed electric power from the first feeder
conductor or the second feeder conductor to the plane antenna
element through the electromagnetic coupling so as to transmit
and receive the levo-rotary polarized waves and the dextro-
rotary polarigzed waves.

6. A plane antenna according to claim 5, wherein the
plane antenna element is formed of an electrically conducting
wire member in the shape of a square or a circular closed loop,
and a slide element is protruded toward the center of the closed
loop or toward the direction of radiation from a point of the
closed loop or from two points of the closed loop at an angle of
180 degrees as viewed from the center of the closed loop.

7. A plane antenna according to claim 5, wherein the
plane antenna element is in the shape of a closed loop formed of
a square or a circular electrically conducting plate having a
hole formed at the center thereof, and a slide element is
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13 and the vertical feeder conductor 14, the horizontally polarized waves
and the vertically polarized waves can be received or transmtted using a
si ngl e plane antenna 11. The electric power is fed through the
el ectromagnetic coupling to the plane antenna el ement 12 fromthe feeder
conductors 13 and 14 arranged close to the plane antenna el enent 12 of the
shape of a loop; i.e., the electric power3zis fed to the plane antenna

el enent 12 by changi ng over the feeder Iines of two systens to cope with

both the h i n I I [ vert cal l Iarl b4 waves.

The feeder %él)%\lgé&e%g 3h %?%%e ﬁh‘g‘ ge%n %orﬁlé}/re%eﬁ@ﬁt %g ®and have
a | ow i npedirectiqmidfhgadiapbesi fitam teo pd:e@teafethhecwcbémm)enrt fizomnt enna -
el ement andyd N it Rhane1ands Nl G b GROSLIS4 udiileaanasf cat ur i ng

smal | thickpess_ and hi %ﬁeseny trvity e antenna can be edsily assenbl ed
since no cHHAERY ifFem & 6§§§8Fy°%é%%é’ﬁ-°tsﬁé pPaRe antenna el enent and the
feeder |ines. Referring to Fig. 7, a plane antenna el enent 22 of

I 21 f he h | | I d
Prhane ke 21 (8t hALLARE! SLLMINBIL LML RO RS ISR L5

squar e | ooplémeianfrenns edementi hedche dine iobtahsed ddy afoxhimarta dweleFasder
conduct or sy gd afcked? ¥ & a%ﬁIéQie‘ﬁréf 4" S SLQ:%& ‘J'chtf‘:[@adﬂf T Rictdnget al

plate like the plane ante enent have a w | ar ger than t he
f eeder conBHRE®r sthfadiolsr bﬁi’-%sel%gaﬂ-'rﬁdlll&r tFanéa‘éh%%lqlﬂgfﬁorﬁWgh i dway
bet ween the inner circunference and the outer circunf erence of the pl ane

antenna el grent 22 hgs,p gl LouIterential ) enath 9aL! ¥, SRRl L e

plane antenna element has a slide element protruded toward the
direction of radiation from a point on an' outer circumference of

the square or the circular electrically conducting plate or from
two points thereof at a angle of 180 degrees as viewed from the
center thereof.

10. A plane antenna according to claim 2 or 5, wherein the
feeder conductors are formed of an electrically conducting plate
members in the shape of an inverse L-shape.
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a free space wavelength [err] at a design frequency of 1.472
8 GHz.  The difference is great between the inner circunferential |ength
and the outer circunferential length, and the frequency band becones
broader than that of the constitution of Fig. 6. Simlarly, the feeder
conductors 23 and 24 of the shape of a flat plate offer a w der frequency
band than the feeder conductors made of yyres. The pl ane antenna
31 for the circularly pol ari zed waves shown in Fig. 8 conprises a plane
ant enna elggeg of the shape of a | oop provided with two slide el enent
portions 33°Rat?My an element length of AL = 0.029[err] as slide el enents
for synt hesi zi ng t heActhinlgldne pakenhaethavawsspesAwishowhe hbeizdmtkelly

el ement p0§5199?z§§ ol WHAENGLOHAIT | 21681568 kLSS SO 100R-

pl aces, a cof ner b i
rotary polarized waves and the dextro-rotary polarized waves,

and in which a loop-shaped plane antenna element (12) is
arranged in parallel with a ground plane (15), and a first
feeder conductor (13) and a second feeder conductor (14) having
feeding points displayed by 90 degrees are arranged between the
plane antenna element and the ground plane. Central conductors
(18a) and (19a) of the coaxial lines are connected to the first
and second feeder conductors, and external conduétors (18b) and
(19b) thereof are connected to the ground plane to feed electric
power to the antenna element through the electromagnetic
coupling. When the electric power is fed from the first feeder
conductor (13), the horizontally polarized waves are radiated
and when the electric power is fed from the second feeder
conductor (14), the vertically polarized waves are radiated.
Upon changing over the first and second feeder conductors, the
horizontally polarized waves and the vertically polarized waves
can be transmitted and received. By providing the horizontal
antenna element with slide elements, further, the levo-rotary
polarized waves and the dextro-rotary polarized waves can be
transmitted and received.



hori zontal elenment portion 32H on where a feeding point 34a of one feeder
conductor 34 is located and a right vertical elenent portion 32V on where a
feedi ng point 35a of another feeder conductor 35 is |ocated, and at a
corner at a symmetrical position turned by 180 degrees fromthe above

cor ner. When the electric power is fed fromthe horizontal feeder
conductor 34, the phase of the vertically polarized wave conponent is

del ayed by 90 degrees behind the phase di the hori zontal ly pol ari zed wave
conponent due to the reactance of the sf;de el enent portions 33, and the
dextro-rotary polarized waves are radiated in the +Z direction (upward in
the drawi ng) fromthe plane antenna el enent 32. \Wen the electric power is
fed fromthe vertical feeder conductor 35, further, the phase of the

hori zontal ly pol ari zed wave conponent is del ayed by 90 degrees behind the
vertically polarized wave conponent, and the |l evo-rotary pol ari zed waves
are radiated in the +Z direction fromthe plane antenna el enent 32. Upon
changi ng over the horizontal feeder conductor 34 and the vertical feeder
conductor 35, the levo-rotary pol arized waves and the dextro-rotary

pol ari zed waves can be transmtted and received using a single plane

ant enna 31. The pl ane antenna el enent 41 shown in Fig. 9
conprises a netal plate in which a central hole is formed, and has slide




9 elenment portions 42 protruding inward fromthe corners at two pl aces
separated by 180 degrees on the inner circunference |ike the plane antenna
el enent for the circularly polarized waves shown in Fig. 8, to cope with
the circularly polarized waves. A pl ane antenna el enent 51 shown
in Fig. 10 conprises a square netal plaﬁb having a hole 52 at the center
elongated in the radial direction to in Qease the wdth of the plane
antenna el ement of the shape of a | oop d to increase the areas of the
slide el ement portions 53. Fig. 11 shows axis ratio
characteristics of e plang antennas using plane antenha pl ements of Figs.
8, 9 and 10, whereidy a curve resents characteristics—f a plane
antenna el enent 32*made of g '
characteristics of Zh amt a e emem
and a curve C repregbnts%qharacteris { :
metal plate of Fig.=10. The-ordinate r¥g 3 atio (AR), the
absci ssa represent st he fregquency (f), % i i be | earned that the

= L

L S

~4O R 1. 1 A
1.452 1.472 1.492
frequency [GHz]

. I?:[(} 23

-900 | 4 900

15
S o2t

= 9L

o]

- 6r
e 3
<,

1.452 1.472 1.492

frequency [GHz]

FIG 4



frequency band increases with an increase in the wdth of the element, and
the antenna el enent 51 features a broadest frequency band as represented by
the curve C A pl ane antenna el enent 61 shown in Fig. 12 has
slide element portions 62 protruded in the radial direction fromthe
corners at two opposing places of a square netal plate. This is a nodified
enbodi nent fromthat of Fig. 10. That is, since the wdth of the plane
antenna el enent 51 of Fig. 10 is increaed as nuch as possible, the

el ongated hole at the center is extinguyghed, and the slide el ement
portions 62 are provided on the outer sfdes. Though t he

above- nenti oned enbodi nents have dealt with plane antenna el enents of a
square shape, the plane antenna el ement may have a circul ar shape w t hout
being limted to the above-nentioned enbodi nents. Further, the invention
can be nodified in a variety of ways within the technical scope of the

i nvention, and the invention enconpasses such nodified enbodi nents as a
matter of course.




10 Industrial Applicability According to the nethod of feeding
electric power to the plane antenna of the present invention as described
above, the feeder line is not connected to the plane antenna el enent, and
the electric power is fed to the plane antenna el enent fromthe feeder
conductor arranged close to the plane antenna el ement through the

el ectromagnetic coupling. This nakes it possible to decrease the input

i npedance of the plane antenna, to decr?é§e t he gap between the antenna

el ement and the ground plane and, hence;y4 o0 realize an antenna featuring a
decreased thi ckness and high sensitivitQ. Further, the antenna can be
easily assenbl ed since no connection is necessary between the plane antenna -
el enent and t he feeder |ine. Owi ng to the above-nentioned net hod,
the electric power can be fed to a plane antenna el enent fromthe feeder
lines of a plurality of systens. Upon feeding the electric power by
changi ng over the feeder lines of the two systens, it is allowed to
transmt and receive the el ectronmagneti c waves of two kinds of polarization
nodes, i.e., the horizontally polarized waves and the vertically polarized
waves, or the levo- rotary polarized waves and the dextro-rotary pol arized
waves, making it possible to realize a plane antenna featuring a decreased
t hi ckness and a multiplicity of functions. Upon




expanding the width of the | oop-shaped plane antenna el enent, further, the
frequency band width is broadened. By enpl oying the feeder conductors of
the shape of flat plates, further, the frequency band is nore expanded, and
t he pl ane antenna features an enhanced practicabl e perfornmance.

CLAI Ms: 1. A nethod of feeding electric power to a plane antenna
in which a plane antenna elenent is arranged in parallel with a ground

pl ane, a feeder conductor is arranged b& ween the plane antenna el enent and

the ground plane, the feeder conductor ing in parallel with the
peri pheral edges of the plane antenna el®&nent, a central conductor of a
coaxial line is connected to an end of the feeder conductor, and an

ext ernal conductor of the
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coaxial- line is connected to the ground plane so that the electric power is
fed fromthe coaxial line to the plane antenna el enent through the

el ectromagneti c coupli ng. 2. A plane antenna in which a square or
a circular plane antenna element is disposed in parallel with a ground

pl ane, feeding points of a first feeder conductor and of a second feeder
conductor are arranged being separated away by 90 degrees fromthe center
of the plane antenna el enent, the firstgfeeder conductor and the second

f eeder conductor are provided in parallgl with the peripheral edges of the
pl ane antenna el enent between the plané“éntenna el ement and the ground

pl ane, the central conductors of coaxial lines of two systens are
separately connected to the feeding points of the first feeder conductor
and of the second feeder conductor, and the external conductors of the
coaxial lines of the two systens are connected to the ground plane to feed
electric power fromthe first feeder conductor or the second feeder
conductor to the plane antenna el enent through the el ectronagnetic coupling
so as to transmt and receive the horizontally polarized waves and the
vertically polarized waves. 3. A pl ane antenna according to claim
2, wherein the plane antenna elenent is the one fornmed of an electrically




conducting wre nenber in the shape of a square or a circular closed | oop.
4. A pl ane antenna according to claim2, wherein the

12 plane antenna elenent is the one of the shape of a closed | oop form ng
a central hole in a square or a circular electrically conducting plate
menber. 5. A pl ane antenna in which a square or a circular plane
antenna elenent is disposed in parallel_wth a ground plane, feeding points
of a first feeder conductor and of a setond feeder conductor are arranged
bei ng separated away by 90 degrees fro he center of the plane antenna

el ement, the first feeder
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conductor and the second feeder conductor are provided in parallel with the
peri pheral edges of the plane antenna el enent and in the opposite
directions relative to each other between the plane antenna el enent and the
ground pl ane, slide elenents are provided for the plane antenna el enent at
positions of an equal distance fromthe first and second feedi ng points,

the central conductors of coaxial lines of two systens are separately
connected to the feeding points of the f8 rst feeder conductor and of the
second feeder conductor, and the exter conductors of the coaxial lines

of the two systens are connected to the ground plane to feed electric power
fromthe first feeder conductor or the second feeder conductor to the plane -
antenna el ement through the el ectromagnetic coupling so as to transnmt and
receive the levo-rotary polarized waves and the dextro- rotary polarized
waves. 6. A pl ane antenna according to claim5, wherein the plane
antenna elenent is fornmed of an electrically conducting wire nenber in the
shape of a square or a circular closed |loop, and a slide elenent is
protruded toward the center of the closed |oop or toward the direction of
radi ation froma point of the closed |Ioop or fromtw points of the closed
| oop at an angle of 180 degrees as viewed fromthe center of the cl osed

| oop.
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7. A pl ane antenna according to claimb5, wherein the plane antenna
elenment is in the shape of a closed |oop forned of a square or a circular
el ectrically conducting plate having a hole forned at the center thereof,
and a slide elenent is 13
protruded toward the center of the closed |oop or toward the direction of
radi ation froma point of the closed |oop or fromtwo points of the closed
| oop at an angle of 180 degrees as vieded fromthe center of the closed

| oop. 8. A pl ane antenna acc ging to claimb5, wherein the plane
antenna elenment is the one obtained by'Yormng a hole at the center of a
square or a circular electrically conducting plate, the hole being

el ongated in the radial direction.

AXIS RATIO

FREQUENCY

FIG 11



9. “EE- A pl ane antenna according to claim5, wherein the plane antenna
el enent has a slide el enment protruded toward the direction of radiation
froma point on an outer circunference of the square or the circular

el ectrically conducting plate or fromtwo points thereof at a angle of 180
degrees as viewed fromthe center thereof. 10. A pl ane antenna
according to claim2 or 5 wherein the feeder conductors are fornmed of an
el ectrically conducting plate nenbers Eﬁlthe shape of an inverse L-shape.
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