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A METHOD OF PRODUCING A HELICAL ANTENNA AND THE HELICAL

ANTENNA APPARATUS

BACKGROUND OF THE INVENTION
1. Field of the Invehtion

The present invention relates.to & helical antenna
used as an antenna for a mobile terminal in a mobile radio
communication system or the like using z mobile satellite
and to 2 method for producing the helical antenna.

2. Description of the Related Art

A moblile radio communication system using the mobile
satellite in ¢eneral uses a frequency band of 1.985 to
2.015 GHz as & transmission frecuency band and a frequency
band cf 2.17 to 2.2 GHz as 2 reception frequency band.

n transmission and reception between the mobile
sateliite and & mobile station, therefore, an antenna
having & frequency characteristic capable of effectively
performing transmission and reception with a low return
loss in a freguency band of azbout 30 MHz is reguired.

And a small-sized and lightweight antenna is necessary
as an antenna for a mebile terminal.

Thus a2 helical antenna is used, but in case that such
an antenna is made small-sized in axial length and in
diameter, its transmission frequency band results in being
narrow.

For example, a 4-wire wound helical antenna of about
1/4 to 5/4 wavelengths in axial length end of about 0.1

wavelength in diameter can cover only such a very narrow
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frequency band as 1 to 2 ¥ of a frequency band to be used.

Due to this, such an entenna as this is unsuitable for
an antenna using two different frequency bands, for example,
a fregquency band of 1.985 to 2.015 GHz and a frequency band
of 2.17 to 2.2 GHz like an antenna used in a mobile radio
communication system using a mobile satellite.

Fig. 14 is a characteristic diagram showing a relation
between freqguency and return loss in case that a helical
antenna adjusted to a frequency band of 1.985 to 2.015 GH:z
is used in both freguency bands of 1.985 to 2.01% GHz and
2.17 to 2.2 GHz

In Fig. 14, a A-mark 96 indicates a return loss at a
frequency of 1.985 GHz and a A-mark 97 indicates a return
loss at a freguency of 2.015 GHz.

And a A-merk 98 indicates a return loss at 2
frequency of 2.17 GHz and a A-merk 99 indicates a return
loss at a frequency of 2.2 GHz.

As clearly known from Fig. 14, this antenna can cover
transmission and reception in a frequency band of 1.985 to
2.015 GEz, but cannot cover transmission and reception in a
freguency band of 2.17 to 2.2 GHz

Fig. 15 is a structural diagram showing a conventional
helical antenna capzble of covering the above-mentioned two
frequency bands and a feeder circuit of it.

In Fig. 15, an 8-wire wound antenna body 90 forming
the helical antenna is flatly unrolled to be shown.

n B-wire wound heliczl antenna capable of covering

two freguency bands is formed by winding this antenna body
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90 earound the outer circumferential surface of 2

cylindrical body, not illustrated, made of a dielectric
material of polycarbonate or the like.

The antenna body 90 is composed of a film 3802 formed
in the shape of a parallelogram out of a dielectric sheet
made of polyimide or the like, first antenna elements 204
composed of conductive wirxes which extend on one surface of
this film 902 in the long-side direction of said film 902
at a specified pitch angle and are arranged in parzllel
with one another at specified intervals in the short-side
directicn of said film $02, and second antenna elements S50¢
shorter than the first antenna elements 904.

The first antenna elements 204 znd the second antenna
elements 906 are arranged alternately with each other in
the short-side direction of the £ilm %02 in a state where
their-lower ends are arranged in & line.

In this case the first antennz elements S04 zre
adjusted in length to a fregquency band of 1.885 to 2.015
GHz and the second antenna elements 906 are adjusted in
length to a frequency band of 2.17 to 2.2 GHz.

The feeder circuit 82 is composed of a feeder system
84 of a first frequency band Fl (of 1.983 to 2.015 GHz) and
a feeder system 86 of a second fregquency band F2 (of 2.17
to 2.2 GHz).

The feeder system 94 of the first frequency band Fl is
composed of a dividing/synthesizing circuit 941 which
divides a high-frequency signal into two high-frequency

signals peing different by 180 degrees in phase from each
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4
other or synthesizes two high-frequency signals being
different by 180 degrees in phase from each other into a
high-frequency signal, a dividing/synthesizing circuit 942
which divides cne high-frequency signal obtained by
division performed by this dividing/synthesizing circuit
841 into two high-freguency signalg (of 0 degree and -950
degrees) being different by 90 degrees in phase from each
other to feed them to the antennz body 90 or synthesizes
two high-frequency signals (of 0 degree and -90 degrees)
being different by 90 degrees in phase from each: other
¢iven from the antenna body 90 into & high-frequency signal,
and a dividing/synthesizing circuit 943 which divides the
other high-frequency power obtained by division performed
by the dividing/synthesizing circuit $41 into two high-
freguency signals {of -180 degrees and -270 degrees) being
different by 90 degrees in phase from each other to feed
them to the antenna body 90 or synthesizes two high-
frequency signals (of -180 degrees and -270 degrees) being
different by 90 degrees in phase from each other given from
the antennz body 90 into a high-freguency signal.

Each of the input/output terminals of the
dividing/synthesizing circuits 942 and 943 is connected
with each of the first antenna elements S04 of the antenna
body 80 through a coupling wire 944.

Number 3945 indicates a connecting terminal to a
transmission/reception system of the feeder system 94 of
the first Frequency band Fl.

The feeder system $6 of the second frequency band F2
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is composed of a dividing/synthesizing circuit 961 which
divides a high-frequency signal into two high-frequency
signals being different by 180 degrees in phase from each
other or synthesizes two high-frequency signals being
different by 180 degrees in phase from each other into a
high-freguency signal, a dividing/synthesizing circuit 962
which divides one high-frequency signal obtained by
division performed by this dividing/synthesizing circuit
961 into two high-freguency signals (of 0 degree and -9%0
degrees) being different by 90 degrees in phase from each
other to feed them to the antenna body 50 or synthesizes
two high-frequency signals {of 0 degree and -90 degrees)
being different by 20 degrees in phase from each other
given from the antenna body 20 into a high-fregquency signeal,
and a_dividing/synthesizing circuit 9€3 which divides the
cther high-frequency signal obtained by division performed
by the dividing/synthesizing circuit 961 into twe high-
frequency signals (of -180 cegrees and -270 degrees) being
different by 90 degrees in phase from each other to feed
them to the antenna body 90 or synthesizes two high-
frequency signals {of -180 degrees and -270 degrees) being
cdifferent by 90 degrees in phase from each other given from
the antenna bedy 890 into a high-fregquency signal.

Each of the input/output terminals of the
dividing/synthesizing circuits 962 and 963 is connected
with each of the second antenna elements 9C6 of the antennsz
body 90 through a coupling wire 964.

Number 965 indicates a connecting terminal to a
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6
transmission/reception system of the feeder system 96 of

the second frequency band F2,

In a conventional helical antenna composed &s
described above, 2t the time of transmission, when a high-
frequency signal of the first frequency band Fl is supplied
from the transmission system to the terminal 945 of the
feeder system %4, this high-frequency signal is divided by
the dividing/synthesizing circuits %41, 942 and 943 into
four high~frequency signals respectively having phase
differences of 0, -90, -180 and -270 degrees to be fed to
the respective first antenna elements S04 of the antenna
body 90, and is radiated as radio-waves,

And when a high-frequency signal of the second
frequency band FZ is supplied from the transmission system
to the terminal 965 of the feeder system 36, this high-
frequency signal is divided by the dividing/synthesizing
circuits 961, 962 and 963 into four high-frequency signals
respectively having rhase differences of 0, -90, -180 and -
270 degrees to be fed to the respective second antenna
elements 905 of the antenna body 90, and is radiated as
radio-wgves.

On the other hand, among radio-waves receiving at the
helical antenna, the radio-waves in the first freguency
band F1 are caught by the first antenna elements 904 of the
antenna body 80, and high-frequency powers generated in the
first antenna elements 904 are synthesized in sequence by
the dividing/synthesizing circuits 843, 942 and 941 and are

supplied to the reception system through the terminal 945.
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And among radio-waves receiving at the helical antennz,
the radio-waves in the second frequency band F2 are caught
by the second antenna elements 905 cf the antenna body 80,
and high-freqguency powers generated in the second antenna
elements 905 are synthesized in sequence by the
dividing/synthesizing circuits 963, 962 and 961 and are
supplied to the reception system through the terminal 8€5.

However, & conventional helical antenna hes =z
structure where two sets of antenna elements, one of which
sets comprises four conductive wires adjusted in length
correspondingly to one of the twe freguency bands and the
other of which sets comprises four condﬁctive wires
adjusted in length correspondingly to the other of the two
frequency band, are combined and these sets of antenna
elements are provided with the respective feeder systems.
As cléarly known from Fig. 13 2lso, in order to cover the
two freguency bands, six dividing/synthesizing circuits are
needed in addition to two feeder connectors corresponding
to the number of feeder systems and eight connecting points
for the respective conductive wires of the helical antenna.

Therefore, since such feeder circuits can be mounted
only two-dimensicnally on a printed circuit board, the
conventional helical antennz has some problems that the
printed cizcuit pbecard end the feeder circuit portion become
large-sized, complicated and expensive.

And it is very difficult also to arrange eight
connecting pins oxr the like for connecting respectively the

concductive wires of the helical antennz and the
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8
dividing/synthesizing circuits with each other closely to

the supporting bcard of the helical antenna.

SUMMARY OF THE INVENTION

The present invention has been performed in order to
solve such a problem as described above, and an object of
the present invention is to provide e helical antenna
capable of covering a plurality of frequency bands and
using common feeder systems for antenna elements adjusted
to the respective frequency bands and provide 2 method for
menufacturing the helical antenna.

In order to attain the above-mentioned object, the
present invention is characterized by & helical antenna
covering a plurelity of different frequency bands,
ccmpr;sing;

2 single cylindrical body made of a dielectric
material having a specified diameter and z specified length
correspending to wavelengths of said frequency bands,

a8 plurality of antenna elements corresponding to the
respective frequency bands, said antenna elements being
formed by arranging alternately with one another a
plurality of conductive wires adjusted in length to
wavelengths of the respective frequency bands helically at
a specified pitch angle with 2 spacing between each other
on the outer circumferential surface of said cvlindrical
body in the circumferential direction of said cylindrical
body, and a paurality of coupling lines each of which

is electromagneticzlly coupled with said conductive wires,
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9
wnich are adjacent to each other and different in length

from each other, of said respective antenna elements formed
on said cylindrical body.

According to the present invention, it is possible to
cover a plurality of frequency bands and use common feecder
systems for antenna elements adjusted to the respective
frequency bands.

And the present invention is characterized by a method
for manufacturing a2 helical antenna covering a plurality of

ifferent frequency bands, comprising;

2 step of providing a cylindrical body made of a2
dielectric material having a2 specified diameter and a
specified length corresponding to wavelengths of said
frequency bands,

a step of providing & dielectric sheet large enough to
cover the outer circumferential surface of said cylindr:cal
body,

a step of forming a plurality of antenna elements by
providing a plurality oF conductive wires adjusted in -
iength to wavelengths of the respective frequency bands
with & spacing between each other and forming a pluralizy
of coupling lines for electromagnetically coupling with
each other one-side ends of said antenna elements which are
adjacent to each other and zre different in length from
each othex, and

2 step of winding said dielectric sheet which said
plurality of antenrna elements and said plurality of

coupling lines are formed on around the outer

—
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10
circurmferential surface of said cylindrical body.

According to the present invention, it is possible to
form a plurality of antennz elements and a plurality of
coupling lines in the same process and easily manufacture

said helical zntenna.

BRIEF DESCRIFTION CF THE DRAWINGS

Fig. 1 is an exploded view in perspective of a helical
antenna according to an embodiment of the present invention.

Fig. 2 is 2 structural Figure showing a state where an
antenna body according to the embodiment of the present
invention is f£latly unrolled and a2 feeder circuit connected
with sa2id antenna.

Fig. 3 is a2 graph showing 2 return loss characteristic
obtained by seeing the antenna side from the
electromagnetic coupling line side in the embodiment ¢f the
present invention.

Fig. 4 1is a graph showing 2 return loss chara cteristic
obtzined by SGElnG the antenna side from the connector side
in the embodiment of the present invention.

Fig. 5 is a graph showing an emission pattern
characteristic of a high-frequency signal radiated from the
helical antenna in the embodiment of the present invention.

Figs. 6A to 6FE are explanatory figures showing other
embodiments of a coupling line structure for coupling a
feeder circuit to antenna elements according to the present
invention.

Figs. 7A to 7E are explanatory figures showing further
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11
other embodiments of & coupling line structure for coupling

a2 feeder circuit to antenna elements according to the
present invention.

Fig. 8 is an exploded view in perspective of a helical
antenna according to other embodiment of the present
invention.

Fig. 9 is an exploded view in perspective of & helical
antenna according to further other embodiment of the
present invention.

Fig. 10 is a structural figure showing another
embodiment ¢f an antenna element according to the present
invention.

Figs. 11A and 11B are embodiment showing a feeder
circuit according to the present invention.

Fig. 12 is a perspective view showing other embodiment
showing a feeder circuit according to the present invention
on a supporting plate of a helical antenna.

Fig. 13 is 2 side view of Fig. 12.

rig. 14 is a characteristic diagram showing a relafion
petweean fregquency and return loss of a helical antenna

according to the prior art.

4]

ig. 15 is a structural Figure showing a helical

antenna and its feeder circuit according to the prior art.

CETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A helical antenna zccording to the present invention
is described together with a method for manufacturing the

x

helical antenna with reference to Figs. 1 to 13 in the
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fcllowing. 12

Fig. 1 is an exploded view in perspective of a helical
antenna of zn embodiment accoxrding to the present invention,
and Fig. 2 is a structural Figure showing a state where éan
antenna beody is flatly unrolled and a feeder circuit
connected with said antenna. .

In Figs. 1 and 2, 2 helical antenna 40 is provided
with an antenna body 50 composed so that it can cover two
freguency bands of a2 first frequency band Fl (of 1.285 to
2.015 GHz) and a sscond frequency band F2 (of 2.17 to 2.2
GHz), and a feeder circuit 60 commonly used by this antenna
body 50.

As shown in Figs. 1 and 2, said antenna body 50 is
provided with a cylindrical body 502 having a2 diameter of
about 8 % of waveléngth cf the first freguency band Fl or
the second frequency band F2 and a specified length and
being made of a dielectric material such as polycarbenate,
FRP or the like, and a dielectric sheet 504 formed out of
polyimide or the like in the shape of 2 parallelogram, said
dielectric sheet being wound around the outer
circumferential surface of this cylindrical body 502.

On one surface of said dielectric sheet 504, &s shown
in Fig. 2, four first antennz elements 506 extending in the
long-side direction of the dielectric sheet 502 at a pitch
angle of about 69 degrees and four second antenna elements
508 shorter than said first antenna element 506 are
arranged in parallel and altgrnately with one another at

certain intervals in the short-side direction of the
ction ot e
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dielectric sheet 504 and the lower ends of the first
ntenna elements 506 and the second anTenna elements 5C8
are arranged in a line.

The length of said first antenna elements 506 is about
3/4 of wavelength of the first frequency band Fl and the
length of said second antennz elements 508 is &bout 3/4 of
wavelength of the second freguency band F2.

and four coupling lines 510 each of which is
electromagnetically coupled with one of the first antenna
elements 506 and one of the second antenna elements 508
being adjacent to each other are formed at portions of the
dielectric sheet 504 corresponding to the lower ends of the
first antenna elements 506 and the second antenna element
508.

The length of said coupling line 510 is about 14 % of
waéeléngth of the first frequency band Il or the second
freguency rand F2.

The spacing between the coupling line 510 and the

irst antenna element 506 or the second antenna element 508
is about 1 % of wavelength of the first frequency band Fl
or the second freguency band F2.

The reason why the lengths of the £first and secend
antenna elements 506 and 508 and the lerngth of the coupling
line 510 are set as said vealues is that a good impedance
matching characteristics in the first ard second frequency
bands Fl and F2 and a wide radiztion pattern characteris<tic

{a wide directivity) in the wvertex direction of the helical

antenna can be obtained.
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The first zntenna elements 506, the second antepna
elements 508 ancd the ccupling lines 510 are formed at the
same time in the same process by forming a copper foil
layer in advance on the surface of the dielectric sheet 504
and etching this copper foil layer into an antenna element
pattern shown irn Fig. 2.

In Fig., 1, the feeder circuit 60 is provided with a
base 602 made of azluminum having a disk 602A and a flat
plate 6028 provi.ced perpendicularly to the upper surface of
the disk 602A, two printed circuit boards 604 and 606 which
are attached to Hoth faces of the flat plate 6028 and on
which dividing/synthesizing circuit 601 composed of 3 dB
hybrid circuits, microstrip lines and the like are mounted,
z feeder coaxial cable €08 which is joined with the
downside cf the disk 602A of the base 602 and is connected

with the printed circuit boerds 604 and 606, and

11}

connector 610 which is provided on the head end of the
coaxial cable 608 and is to be connected with an
cnilliustrated transmission and reception system.

Additionally, it is provided with a supporting plate
614 made of an electriczlly insulating material which plate
supports the antenna body 50 and has four connecting pins
612 for comnecting the coupling lines 510 of the antenna
body 6C with the printed circuit boards 604 and 606.

These connecting pins 612 penetrate through the

supporting plate 614 to oroject upweard and downward, and

0

the projecting ends of the conne ng pins 612 axe

-

respectively conrected v soldering to the coupling lines
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510 of the antenna body 60 and the feeder te:minals.of the
printed circuit boards 604 and 606.

In Fig, 2, the feeder circuit 60 is composed of a
dividing/synthesizing circuit 616 which divides a high-
frequency power of the first frequency band Fl1 (of 1.985 to
2.015 GHEz) and the second fregquency band F2 (of 2.17 to 2.2
GHz) into two high-freguency signals being different by 180
degrees in phase from each other or synthesizes two high-
frequency signals being different by 180 degrees in phase
from each other into a high-frequency signal, a
dividing/synthesizing circuit 618 which divides one high-
frequency signel obtained by division performed by this
dividing/synthesizing circuit 616 into two high-frequency
signals (of 0 degree and -380 degrees) being differxent by S0
degrees in phase from each other to feed them to the
antenna body 50 or synthesizes two high-fregquency signals
{of 0 cdegree and -390 degrees) being different by 80 degrees
in phase from each other given from the zantenna body 50
intec a high-freguency signal, end & dividing/synthesizin§
circuit 620 which divides the other high-frequency signal

tained by division performed by the dividing/synthesizing
circuit 61€ into two high-freguency signals (of -180
degrees and -270 degrees) being different by 80 degrees in
phase from each other to fecd them to the antenna body 52
or synthesizes two high-frequency signals (of -180 degress
and -270 degrees) being different by 90 degrees in phase

from each other given from the antenna body 50 into a high-

~la
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Next, operation of a helical antenna composed as
described above is described with reference to Fig. 2.

When a2 high-frequency signal of the first frequency
band F1 (of 1.985 to 2.015 GHz) or the second frequency
band F2 (of 2.17 to 2.2 GHz) is fed to the helical antenna
through the connector 610, this high-frequency signal is
transmitted through the cable 605 and is distributed by the
dividing/synthesizing circuits 6.6, 618 and 620 mounted on
the printed circuit boards 604 and 606 tc the four
connecting pins 612.

. At this time the high-frequency signels distributed to
the four connecting pins 612 are equal In amplitude to one
another and are different by 80 cdegrees in phase from one
another s¢ as to be O degree, -%0 cdegrees, -180 degrees and
~270 degrees.

The high-freguency signals distributed into four are
fed through the four electromagnetic coupling iines 510 to
the antenna elements 506 and 508.

Hereupon, the high-frequency signals of the first
frequency band F1 and the second frequency band F2 operate
in different manners from each cther.

That is to say, the high-frecuency signal of the lower
first frequency band Fl is transmitted tcs the longer first
antenna elements 506, and radiates & high-freguency signal
in its transmission process.

In a 4-wire type helical antenna ¢f this kind, since 2
frequency characteristic of returrn loss i1s very narrow, its

impedance is not matched with respect to the shorter second.
the saorier se€
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17
entenna elements 508 and the high-freguency signal ;s
little transmitted %o it.

For the lower first freguency band Fl, therefore, only
the longer f£irst antenna elements 506 cperate in such a
manner as connected.

Similarly, the high-freguency signal of the higher
second fregquency bznd F2 1s transmitted to only the shorter
second antenna elements 508, and is little transmitted to
the first antenna elements 506.

Among radio-wzves receiving &t the helical antenns 40,
the radio-wave of the first frequency pand Fl is caught by
the first antenna eiements 306 of the antenna body 50, and
high~frequency signzls generated in the first antenna
elements 506 are svrthesized in seguence by the

3

dividing/synthesizing circults 618, 620 and 616 and axe fed
through the cable §38 and tre connector 610 to the
reception system.

And among radio-waves receiving at the helical antenna
40, the radio-wave of the second frequercy band F2 is
caught by the second antennz elements 508 of the antenna
body 50, and high-frequency powers generated in the second
antenna elements 50f are synthesized in seguence by the

ividing/synthesizing circuiis 618, 620 and 616 anc are fed

through the cakle 6C& and the connector 610 to the
reception systemn.

Fig. 3 shows & return loss characteristic obtained by

seeing the first and second antennz elements 506 and 508

ides from the electromagnetic courling lines 510 side.

-
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In Pig. 3, 2 A-mark 30 indicates a return loss at e

frequency of 1.985 GHz and a A-mark 32 indicates a return
loss at a freguency of 2.015 GHz.

And a A-mark 34 indicates a return loss at a
frequency of 2.17 GHz and a A-mark 36 indicates a return
loss at a frequency of 2.2 GHz. ‘

As cleerly known from Fig. 3, this antenna can cover
transmission and reception in a frequency band of 1.%85 to
2.0

15 GHz, and can also cover transmission and reception in

frequency band of 1.985 to 2.015 GHz .

w

Fig. ¢ shows 2 return loss charactexistic obtained by
seeing the first and second antenna elements 506 and 508
sides from the connector 610 side.

In Fig. 4, a A-mark 40 indicates a return loss at &
frequency of 1.985 GHz end a A-mark 42 indicates a return
loss at a frequency of 2.015 GHz.

And a A-mark 44 indicates a return loss at a
Zrequency of 2.17 GHz and a A-mark 46 indicates a return
1¢ss at a frequency of 2.2 GHz.

Fig. 5 is a graph showing a radiation pattern

characteristic of 2 high-freguency signal radiated from e

.

3y

elical antenna according this embcdiment, in which the

b

[

2]

cissa shows an angle f£rom the horizontal plane

-~
'_‘

{elevation angle) and the ordinate shows the intensity of
radio-waves.

In Fig. 5, curve 100 shows a radiation pattern
characteristic of the first frequency band Fl and curve 102

shows a radiation pattern characteristic of the second
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frequency band F2. 19

As clearly known from Fig. 5, the helical antenna of
this embodiment can cover the first freguency band Fl and
the second freguency band F2.

According to this embodiment as cescribed above, it is
possible to cover the first frequency band Fl and the
second freguency band F2 and use the power feeding circuit
60 commonly to the first and second antenna elements 506
and 508 adjusted to the respective freguency bands by
electromagnetically coupling cne~side ends adjacent to each
other of the sets of the first and seccnd antenna elements
506 aznd 508 by means of the coupling lines 510.

Thus, the helical antenne can do with one feeder
circuit 60, and also can do with one cable and one
connector, and so the feeder circuit pextion can be made
small in size,

And according to the embodiment of the present
invention, since the first and seccnd antenna elements 506
and 508 and the coupling lines 510 can ke formed at the
same time by etching a copper foil on the surface of the
dielectric sheet 504, such a helical antenna composed as
described above can be easily meanufactured.

Figs. €A to 6E are explanatory figures showing other
embodiments of the structure of a coupling line 510 for
coupling a feeder circuit 60 to first anZd second antenna
eiements according to the present invention.

Fig. €A shows a structure which forms a coupling linc

510 for coupling & first antenna element 506 and a second
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antenna element SCE to a feeder circuit 60 into a U ;hape
naving a spacing smaller than the spacing between the first
and second antenra elements 506 and 508. One branch of this
U-shaped coupling _ine 510 is electromagnetically coupled

-

to one end portion of the first antenna element 506 with 2

O

gap between them, and the other branch is
electromagnetically coupled to one end portion of the
second antenna elerment 508 with a gap between then.

Fig. 6B shows z structure which forms a coupling line
510 for coupling & first antenna element 506 and. a second
antenna element 50€ to & feeder circuit 60 into a U shape
having a spacing ecual to the spacing between the first zand
second antenna elements 506 and 5C8. One branch of this U-
shaped coupling line 510 is electromagnetically coupled to
one end portion of the first antenrna element 506 with a gap
betweer them, and Zhe othex branch is electromagnetically
coupled to cne end portion of the second antenna element
508 with a gap between them.

Fig. 6C shows a structure which forms a coupling liﬁe
510 for coupling a first antenna element 506 and a second
antenna element 502 to a feeder circuit 60 into an L shape.
One end of this coupling line 510 =s joined directly to
one end of the seccnd antenna element 508, and the other
end of this coupling line 310 is electromagnetically
coupled to one end portion of the first antenna element 506
with a gap tetweern them.

Fig. 6D shows

w

structure which forms a coupling lire

510 for coupling & first antenna esiement 506 and a secord
-
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antennz element 508 to a feeder circuit 80 so &s to be

electrically directly connected with one-side ends of the
first and second antenna elements 506 and 508.

Fig. 6E shows a structure which 1s the same as the
structure of Fig. 6D except for having a long coupling line
et the center of the coupling line 510.

The coupling lines in these embediments can be formed
on the same surfzce as the surface of the dielectric sheet
on which the antenna elements are fcrmed. Therefore, these
embodiments have an advantage providing a easy ffequency
adjustment by cutting a pattern of the elements or the line.

Figs. 7A to 7E are explanatory figures showing further
other embodiments of the structure of a coupling line 5i0
for coupling first and second antenna elements to a feeder
circuit 60 according to the present invention.

Fig. 7A shows a-strﬁéture which forms a coupling line
510 for coupling a first antenna element 506 and a second
antenna element 508 to a feeder circuit 60 on the surface
opposxte to the surface of a dielectric sheet on which the
first and second antenna elements 506 and 508 are formed,
80 as t¢ be cpposite to the first and second antenna
elemerts 506 and 508, as shown by a dashed line, and
thereby couples the coupling line 510 clectromagnetically
with the first and second antenna elements 506 and 508.

Fig. 7B shows a structure which joins with each other
one-side ends of a first antenna element 506 and a second
ntennz element 508, forms a coupling line 510 for coupling

the first antenna element 506 and the second antenna
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element 508 to a feeder circuit 60 into a U shape haying a
spacing egqual to the spacing between the first and second
antenna elements 506 and 508 and on the surface opposite to
the surface of a dielectric sheet on which the first and
second antenna elements 506 znd 508 are formed, so as to be
opposite to the first and second antenna elements 506 and
508, as shown by a dashed line, and thereby couples the
coupling line 510 electromagnetically with the first and
second antenna elements 506 and 508.

rig. 7C shows a structure which forms a coupling line
510 for coupling & first antenna element 506 and a2 second
antenna element S08 to & feeder circuit 60 into a U shape
having a spacing equal to the spacing between the first and
second antenna elements 506 and 508, as shown by a dashed
line, and cn the surface opposite to the surface of a
dielectric sheet on which the first and second antenna
elements 506 and 508 are formed, so as to be opposite to
the first and second antenna elements 506 and 508, and
thexreby couples the coupling line 510 electromagnetlcally
with the first and second antenna elements 506 and 508.

Fig. 7D shows 2 structure which forms one end portion
S08A of the second antenna element 508 into an L shape and
makes the one end portion 5082 close to one end of the
first antenna element 506, and forms & coupling line 510
for coupling the first and second antenna elements 506 and
508 to & feeder circuit, as shown by a dashed line, on the
surface opposite to the surface of a dielectric sheet on

which the first and second antenna elements 506 and 508 are
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formed, so as to be opposite to the cne end portion of the
first entenna element 506 and the L-shaped one end portion
508A, and couples the coupling line 510 electromagnetically
with the first and second antenna elements 506 and 508.

Fig. 7E shows the same structure as the structure
shown in Fig. 7A except for that the coupling line 510 is
adjacent to the antenna elements 506 and 508,

Fig, & shows other embodiment of the helical antennz.
Fig. 8 is the same structure as the structure shown in Fig.
1 except for that the coupling line structure is.the
structure shown in Fig. 7E.

Fig. 9 shows further other embodiment of the helical
antenna. Fig. 9 is the same structure as the structure
shown in Fig. 1 except for that the coupling lines 510 are
formed on the outer surface of the cylindrical body 502 and
the antenna elements 508, 506 are formed on the inner
surface of the cylindrical body 502,

Fig. 10 is explanatory figure showing other
embodiment of the structure of first antenna elements 506

and second antenna elements 508 according to the present

kh

invention. The antenna elements 506 and the second

t

o]

irs
anternna elements 5C8 are arranged in parallel at same fixed
pitch angle as shown in Figs. 1, 2, 6A to 6E and 7A to 7JE.
However, the first antenna elements 506 and the second
antenna elements 508 in Fig. 10 are not arranged in
parallel al a different pitch angle. As shown in Fig. 10,

the first antenna elements 506 have an incline angle of 41

degree from & horizental line (the edge of the dielectric
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sheet 504). The second antenna elements 508 have an incline

angle of #2 degree from the horizontal line. The #1 and ¢
2 are selected so that the first antenna elements 506 and
the second antenna elements 508 do nét cross respectively.
A pitch angle of the helical antenna, formed by winding
this antenna bocdy with these antenna elements around the
cylindrical body, is changeable by changing the §1 and 62.
Therefore, when a beam tilt between the transmission
frequency band and the reception frequency band is occurred
in czse of a2 parallel arrangement of the antenna.elements,
the beam tilt of the helical antenna is compensated by
changing the &
Figs. 11A and 11B are compositional diagrams showing

f & feeder circuit 60 shown in Fig. 2,

In Fig. 11A, a dividing/synthesizing circuit 8C
formiﬁg a feeder circuit 60 is composed of a first 3-dB
hybrid circuit 802 to be connected to a2 feeder terminal 801,
a second 3-¢B hybrid circuit BO4 which is connected to one
output terminal of this hybrid circuit 802 and divides a
high-freguency signal into two high-frecuency signals (of 0
degree and -90 cdegrees) or synthesizes them into a high-
frequency sigral, and & third 3~dB hybrid circuit 808 which
is connected through a 1/4-wavelength line 806 of impedance
20 to the other output terminal of the first 3-dB hybrid
circuit B02 and divides a high~-fregquency signal into two
high-£frequency signals (of -180 degrees end -270 degrees)
or synthesizes them into a high-frequency signal.

In Fig. 118, a dividing/synthesizing circuitc 82

——
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forming a feeder circuit 60 is composed of a 1/4-wayelength
line B22 of impedance 20 which is connected with a feeder
terminal 820 and divides a high-frequency signal into two
high-frequency signals of 0 degree and -90 degrees in phase
or synthesizes them into a high-frequency signal, a 1/2-
wavelength lg liné 824 of impedancé 20 which is connected

to the

th

eeder terminal 820 and divides a high-frequency
signal into two high-frequency signals of 0 degree and -180
degrees in phase or synthesizes them into a high-frequency
signal, and a l/4-wavelength Ag line 826 of impedance z0
which divides a high-frequency signal given from the 1/2-
wavelength line 824 into two hich-freguency signals of -180
degrees and ~-270 degrees in phase or synthesizes them into
a2 high-frequency signal.

Alsc in case of incorporating such a
dividing/synthesizing circuit 80 or 82 into a helical
antenna 40, the same action and effect as the case shown in
Fig. 2 can be obtained.

Next, with reference to Figs. 12 and 13, other
embodiment c¢f the present invention in case of forming &
feeder circuit 60 on a supporting plate of a helical
antenna 1s described.

In Figs. 12 and 13, a feeder cizxcuit 60 formed by
combining a plurality of microstrip lines 630 of fractions
of wavelength of a frequency band to be used is formed on
the surface of a supporting plate 614 of 2 helical antenna.

As shown in Fig. 1, the microstrip lines 630 of the

e
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connecting pins 612 being provided on and projecting'from
the places of the supporting plate 614, said places being
opposite to the respective coupling lines 510 of the
antenna body 50.

And a connector 632 for feeding powexr to the feeder
circuit 60 is fixed on the middle of the reverse surface of
the supporting plate 614, and a connecting pin 634 which
penetrates through the supporting plate 614 from the
connector 632 to project from the surface of the supporting
plate 614 is connected to the microstrip line 630 of the
feeder circuit 60.

The maicrostrip lines having a pattern shown in Fig.
12 are formed by adopting a method of forming in advance &
copper foil on the surface of the supporting plate 614 and
etching this copper foil as a method for forming saic
microsfrip lines 630 of the feeder circuit 60.

And &s another method it is possible also to form the
microstrip lines 630 of a pattern shown in Fig. 10 on the
surface of the supporting plate 614 by means of Drinting;

-

In a2 helical antenna having such & composition as

described zbove, the base 602, the printed circuit boards

604 and 606, and the cable 608 shown in Fig. 1 can be
omitted, the length of the whole helical antenna can be
shortened, and the number of components of the helical
antenna can be reduced, and thereby the heliczl antenna can
be easily made smaller in size and lower in cost.

In the above-mentioned embodiments, although a helical

antenna covering two frequency bands of a first freguency
-
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pand F1 and 2 second frequency band F2 in a mobile radio

communication system using & satellite, the present
invention is not limited to this, but can be applied also
to 2 helical antenna covering three or more frequency bands

to be used in a similar way to said case of applying the

""{nvention to two frequency bznds although the number of
kinds of antenna elements being different in length from
one another is increased correspondingly to the frequency
bands to be used.

As described zbove, acccrding to a helical antenna of
the present invention, it is possible to cover a piurality
of frequency bands and commonly use a feeder circuit for
antenna elements corresponding to the respective frequency
bands by coupling the respective sets of antenna elements
corresponding to the respective wavelengths
electromagnetically with the feeder circuit by means of
coupling lines.

By this, the helical antenna can do with one feeder.
circuit and can do 21so with cne cable and ¢ne connector,
and therefore can have the feeder circuit portien made
smaller in size,

And eccerding te @ heliczl antenna cf the present
invention, it is possible to easily reduce the number of
compenents c¢f the heliczl antenna and make the helical
antenna smaller in size and lower in cost.

And according to a helical antenna manufacturing
method of the present invention, it is possible tc easily

manufacture such & helical zntenna as described above.
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WHAT IS CLAIMED IS:
1. A helical zntenna covering & plurality of different
freguency bands, comprising:

2 single cylindrical body made of a dielectric
material having a specified diameter and a specified length
cerresponding to wavelengths of one freguency band of said
frequency bands,

a plurality of antenna elements arranged alternately
with a plurality of ccnductive wires adjusted in length to
wavelengths ¢f said respective frequency bands at a
specified pitch angle on the surface of said cylindrical
body, and

a plurality of coupling lines coupled
electromagnetically with said antenna elements fomed on
said cylindrical body.

2. The helical antenna as defined in claim 1, wherein
said antenna elements z2re provided with a common feeder
circuit connected with said anterna elerments through said
coupling lines.
3. The helical antenna as defined in claim 1, wherein a
ielectric sheet is wound around the outer circumferential
surface of said cylindrical body, and said plurality of
antenna elements and said plurality of coupling lines arxe
formed on said dielectric sheet.
q. The helical antenna as defined in claim 1, wherein the
length of said coupling lines is set accerding to
wavelength of said frequency band.

5. The helical antenna as defired in claim 1, wherein
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said coupling lines are formed on the same surface as the

surface of the dielectric sheet on which said antenna
elements are formed.

6. The helical antenna as defined in claim 1, wherein
said coupling lines are formed on the opposite surface to
the surface of the dielectric sheet on which said antenna
elements are formed.

7. The helical antenna as defined in claim 2, wherein
said cylindrical body including said antenna elements is
supported by 2 supporting plate, and said feeder circuit
and sald coupling lines are connected with each other
through connecting pins provided on said supporting plate.
B. The helical antenna as défined in claim 7, wherein
said supporting plate is disposed at an end in the
longitudinal directicn of said cylindrical body.

9. The helical antenna as defined in claim &, wherein a
printed circuit board is disposed on the surface opposite
to the surface of said supportin 1g plate facing said
cylindrical body and said feeder circuit is mounted on said
printed circuit boerd.

10. The helical antenna as defined in claim 9, wherein
szid connecting pins penetrating through said supporting
plate are provided across between the cylindrical body arnd
the printed circuit board.

11. The helical antenna as defined in claim 9, wherein
said printed circuit board is supported by & base.

12. The helical antenna as defined in claim 11, wherein &z

cable for feeding signal Lo said feeder circuit is provided
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13. The helical antenna as defined in claim 12, wherein

on said base.

said cable is provided with a connector.

14. The helical antenna as defined in claim 2, wherein
said feeder circuit is composed cf a plurality of
dividing/synthesizing circuits each of which divices 2
high-frequency signal into high-frequency signals having
specified phases corresponding to the numbexr of conductive
wires forming said antenna elements or synthesizes the
high-frequency signals. ‘

15. The helical antenna as defined in claim 14, wherxein
szid dividing/synthesizing circuit is composed by combining
a hybrid circuit and a2 microstrip line corresponding to a
fraction cf wavelength of a freguency band to be used.

16. The heliczl antenna as defined in claim 14, wherein
said dividing/synthesizing circuit is composed by combining
a2 plurality of microstrip lines each of which corresponds
to a fraction of wavelength of a frequency band to be used.
17. The helical antenna as defined in claim 2, wherein
said cylindrical body including szid antenna elements is
supported by 2 supporting plete, said feeder circuit is
formed on said supporting plete, and said feeder circuit
and said coupling lines are connected with each other
through said connecting pins provided in the supporting
plate.

18. The helical antenna as defined in claim 17, wherein

said supporting plate is provided with a ccnnector for

feeding signal to said feeder circuit,
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19. The helical antenna as defined in claim 17, wherein

31

said feeder circuit is composed by combining a plurality of
wevelength lines each of which corresponds to a fraction of
wazvelength of a freguency band to be used.

20. A method for manufacturing a helical antenna covering
a plurality of different frequency bancds, comprising;

a step of providing & cylindrical body made of a
dielectric material heving a specified diameter and 2
specified length corresponding to wavelengths of one
frequency band of said frequency bands,

a2 step of providing a dielectric sheet large enough to
cover the outer circumferential surface of said cylindrical
bedy,

a step of forming on said dielectric sheelt a plurality
of antenna elements by providing a plurality of plural
conduétive wires adjusted in length to wavelengths of the
respective frequency bands and forming a plurality of
coupling lines for electromagnetically coupling with said
antenna elements respectively, and

a step of winding said dielectric sheet which saic
rlurality of antenna elements and said plurality of
coupling lines are formed on around the outer
circumferential surface of said cylindrical body.

21. The method for manufacturing a helical antenna as
defined in claim 20, wherein said plurality of antenn=a
elements and said plurality of coupling lines are formed on

the surface of said dielcctric sheet in a state where said

dielectric sheet is flatly unrolled.
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22. The method for manufacturing a helical antenna as
defined in claim 20, wherein said dielectric sheet is
formed in the shape of a parallielogram in a state where it
is flatly unrolled so that said dielectric sheet can be
wound around said cylindrical body at said specified pitch
angle.

23. The method for meznufacturing a helical antenna as
cdefined in claim 22, wherein said plurality of antenna
elements &are linearly formed in parallel with the long
sides of said parallelogram and with a spacing between each
other.

24. The method for manufacturing a helical antenna as
defined in claim 20, wherein said dielectric sheet has a
copper foil on the surface of it and said plurality of
antenra elements and said plurality of coupling lines are
formed by etching said copper foil.

25. The method for menufacturing a helical antenna as
defined in claim 20, wherein said plurality of antenna
elements and said plurality of coupling lines are formed by

printing on the surface of said dielectric sheet.
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