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A METHOD Of PRODUCING A HELICAL ANTENNA AND THE HELICAL 

ANTENNA APPAR..~TUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates-to a helical ar.tenna 

used as an antenna for a mobile terminal in a mobile radio 

communication system or the like using a mobile satellite 

and to a method for producing the helical antenna. 

2. Description of the Related Art 

A ~~bile radio com.~unication system using the mobile 

satellite in general uses a frequency band of 1.985 to 

2.015 GHz as a transmission frequency band and a fr.equency 

band cf 2.17 to 2.2 GHz as a reception frequency band. 

In transmission and reception between the mobile 

satellite and a mobile station, therefore, an antenna 

having a frequency characteristic capable of effectively 

performing transmission and reception with a low return 

loss in a freq~ency band of about 30 MHz is required. 

And a small-sized and lightweight antenna is necessary 

as an antenna for a mobile terminal. 

Thus a helical antenna is used, but in case tr.at such 

an antenr.a is made small-sized in axial length and in 

diameter, its transmission frequency band results in being 

narrow. 

for exampl~, a 4-wire wound helical antenna of about 

1/4 to 5/4 wavelengths in axial length and of about O.l 

wavelength in ciameter can cover only such a very narr.ow 
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frequency band as 1 to 2 % of a frequency band to be used. 

Due to this, such an antenna as this is unsuitable for 

an antenna using two different frequency ba~ds, for example, 

a frequency 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 frequency and return loss in case that a helical 

antenna adjusted to a frequency band of 1.985 to 2.015 GHz 

is used in both frequency bands of 1.985 to 2.015 GHz and 

2.17 to 2.2 GHz. 

!n Fig. 14, a .6-mark 96 indicates a return loss at a 

frequency of 1.985 GHz and a ~-mark 97 indicates a return 

loss at a frequency of 2.015 GHz. 

And a .6-mark 98 indicates a return loss at a 

frequency of 2.17 GHz and a .6-mark 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 GHz, but cannot cover transmission and reception in a 

frequency band of 2.17 to 2.2 GHz. 

Fig. 15 is a structural diagram showing a conventional 

helical antenna. capable 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. 

An B-wi:re wound helical antenna capable of covering 

two frequency bands is formed by winding this antenna body 
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90 around the outer circumferential surface of a 

cylindrical body, not illustrated, made of a dielectric 

material of polycarbonate or the like. 

The antenna body 90 is composed of a film 902 formed 

in the shape of a parallelogram out of a dielectric sheet 

made of polyimide or the like, first antenna elements 904 

composed of conductive wires 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 parallel 

with one another at specified intervals in the short-side 

direction of said film 902, and second antenna elements 906 

shorter than the first antenna elements 904. 

The first antenna elements 904 and the second antenna 

elements 906 are arranged alternately with each other in 

the short-side direction of the film 902 in a state where 

their lower ends are arranged in a line. 

In this case the first antenna elements 904 are 

adjusted in length to a frequency band of 1.985 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 92 is composed of a feeder system 

94 of a first frequency band Fl (of 1.985 to 2.015 GHz} and 

a feeder system 96 of a second frequency band F2 (of 2.l7 

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 being different by 180 degrees in__phase from each 
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other or synthesizes two high-frequency signals being 

different by 180 degrees in phase from each other into a 

high-frequency signal, a dividing/synthesiz~ng circuit 942 

which divides one high-frequency signal obtained by 

division performed by this dividing/synthesizing circuit 

941 into two high-frequency signals (of 0 degree and -90 
' 

d ) b . .. ~~ t b 90 d ' h f h egrees eing ai •• eren y egrees in p ase rom eac 

other to feed them to the antenna body 90 or synthesizes 

two high-frequency signals (of 0 degree and -90 degrees) 

being different by 90 degrees in phase from each; other 

given from the antenna body 90 into a high-frequency signal, 

and a dividing/synthesizing circuit 9~3 which divides the 

other high-frequency power. obtained by division performed 

by the divicing/synthesizing circuit 941 into two high­

frequency signals (of -180 degrees and -270 degrees) being 

diffe·rent by 90 degrees in phase from each other to feed 

them to ~he antenna body 90 or synthesizes two high-

frequency signals (cf -180 degrees and -270 degrees) being 

different 'by 90 degrees in phase from each other given from 

the antenna body 90 into a high-freque~cy signal. 

Each of the input/output terminals of the 

dividing/synthesizing circuits 942 and 943 is connected 

with each of the first antenna elements 904 of the antenna 

body 90 thro~gh a coupling wire 944. 

Number 945 indicates a connecting terminal to a 

transrr~ssion/reception system of the feeder system 94 of 

the first frequency band Fl. 

The feeder system 96 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-frequency 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-frequency signals (of 0 degree and -90 

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 O degree and -90 degrees) 

being different by 90 degrees in phase from each other 

given from the antenna body 90 into a high-frequency signal, 

and a dividing/synthesizing circuit 963 which divides the 

other high-frequency signal obtained by division performed 

by the dividing/synthesizing circuit 961 into two high­

frequency signals (of -180 degrees and -270 degrees) bei~g 

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 antenna body 90 into a high-frequency signal. 

Each of th~ input/output terminals of the 

dividing/synthesizing circuits 962 and 963 is connected 

with each of the second antenna elements 906 of the antenna 

body 90 through a coupling wire 964. 

Nu..rnber 965 indicates a connecting terminal to a 
------------------- ---
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transmission/reception system of the feeder system 96 cf 

the second frequency band F2. 

In a conventional helical antenna comp9sed as 

described above, at 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 94, this high-frequency signal is divided by 

the dividing/synthesizing circuits 941, 942 and 943 into 

four high-frequency signals respectively having phase 

differences of O, -90, -180 and -270 degrees to be fed to 

the respective first antenna elements 904 of the antenna 

body 90, and is radiated as radio-waves. 

And when a high-frequency signal of the second 

frequency band F2 is supplied from the transmission system 

to the terminal 965 of the feeder system 96, this high­

frequency signal is divided by the dividing/synthesizing 

circuits 961, 962 and 963 into four high-frequency signals 

respectively having phase differences of O, -90, -180 an~ -

270 degrees to be fed to the respective second antenna 

elements 905 of the antenna body 90, and is radiated as 

radio-waves. 

On the other hand, among radio-waves receiving at the 

helical antenna, the radio-waves in the first frequency 

band Fl are caught by the first antenna elerr~nts 904 cf the 

antenna body 90, and high-frequency powers generated in the 

first antenna elements 904 are synthesized in sequence by 

the dividing/synthesizing circuits 943, 942 and 941 and a=e 

supplied to the reception system through the terminal 945. 

1iiiiii 
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And among radio-waves receiving at the helical antenn~, 

the radio-waves in the second freq~ency band F2 are caught 

by the second antenna elements 905 of the antenna body 90 1 

and high-frequency 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 965. 

However, a conventional helical antenna has a 

structure where two sets of antenna elements, one of which 

sets comprises four conductive wires adjusted in· length 

correspondingly to one of the two frequency bands and the 

other of which sets comprises four conductive 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 respec~ive feeder systems. 

As clearly known from Fig. 13 also, in order to cover the 

two frequency bands, six dividing/synthesizing circuits are 

needed in addition to two feeder connectors corresponding 

to the number of feeder systems and eight connecting points 

fer the respective conductive wires of the helical antenna. 

Therefore, since such feeder circuits can be mounted 

only two-dim.ens:i.onally on a printed circuit board, the 

conventional helical antenna has some problems that the 

printed circuit board and the feeder circuit portion become 

large-sized, complicated and expensive. 

And it is very difficult also to arrange eight 

connecting pins or the like for connecting respectively the 

conductive wires of the helical antenna and the 
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dividing/synthesizing circuits with each other closely to 

the supporting beard of the helical antenna. 

SUM!'-'J\RY OF THE INVENTION 

The present invention has been performed in order to 

solve such a prob:em as described above, and an object of 

the present invention is to provide a helical antenna 

capable of covering a plurality of frequency bands and 

using common feeder systems for antenna elements adjusted 

to the respective frequency bapds and provide a method for 

manufacturing the helical antenna. 

In order to attain the above-mentioned object, the 

present invention is characterized by a helical antenna 

covering a plurali:y of different frequency bands, 

comprising; 

a single cyli~drical body made of a dielectric 

material having a specified diameter and a specified length 

corresponding to wavelengths of said frequency bands, 

a plurality of antenna elements corresponding to the 

respective frequency bands, said antenna elements being 

form~d 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 a spacing between each other 

on the outer circumferential surface of said cylindrical 

body in the circumferential direction of said cylindrical 

body, and a p~ur.ality of coupling lines each of which 

is e:ectromagnetica:ly coupled with said conductive wires, 
-------------
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which are adjacent to each other and different in lengtr. 

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 feeder 

systems for antenna elements adjust~d to the respective 

frequency bands. 

And the present invention is characterized by a method 

for manufacturing a helical antenna covering a plurality of 

different frequency bands, comprising; 

a step of providing a cylindrical body made of a 

dielectric material having a specified diameter and a 

specified length corresponding to wavelengths of said 

frequency bands, 

~ step of providing a dielectric sheet large enough to 

cover the outer circumferential surf ace of said cylindr~cal 

body, 

a step of forming a plurality of antenna elements by 

providing a plurality of conductive wires adjusted in 

length to wav€lengths of the respective frequency bands 

with a spacing between each other and forming a plurali~y 

of coupling lines for electromagnetically coupling with 

each other one-side ends of said antenna elements which are 

adjacent to each other and are dif :erent in length from 

each other, and 

a step of winding said dielectric sheet which said 

plurality of antenna elements and said plurality of 

coupling lines are formed on around the outer ------
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circumferential surface of said cylindrical body. 

According to the present invention, it is possible to 

form a plurality of antenna elements and a plurality of 

coupling lines in the same process and easily manufacture 

said helical antenna. 

BRIEF DESCRIPTION OF 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 a structural Figure showing a state where an 

antenna body according to the embodiment of the present 

invention is flatly unrolled and a feeder circuit connected 

with said antenna. 

Fig. 3 is a graph showing a return loss characteristic 

obtai~ed by seeing the antenna side from the 

electromagnetic coupling line side in the embodiment cf the 

present invention. 

Fig. 4 is a graph sho~ing a return loss characteristic 

obtained by seeing the antenna side fro~ the connector side 

in the err~odiment 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 6E are expl~natory figu:es 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 fig~res showing further 
---------------------
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other embodi.ments of a coupling line structure for coupling 

a 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 a helical 

antenna according to further other embodiment of the 

present invention. 

Fig. 10 is a structural figure showing ano~her 

embodiment c'f an antenna element according to the present 

• +- . inven ... .ion. 

figs. llA and llB are embodiment showing a feeder 

circuit according to the present invention. 

Fig. 12 is a perspective view showing other e~~odiment 

showing a feeder circuit according to the present invention 

on a supporting plate of a helical antenna. 

fig. 13 is a side view of Fig. 12. 

Fig. 14 is a characteristic diagram showing a relation 

between frequency and return loss of a helical antenna 

according to the prior art. 

Fig. 15 is a structural Figure showing a helical 

antenna and its =eeder circuit according to the prior art. 

DETAILED DESCRIPTlON OF THE PREFERRED EMBODIMENTS 

A helical ar.tenna according to the present invention 

is described together with a method for manufacturing the 

helical antenna with re:erence to Figs. l to 13 in the 
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Fig. 1 is an exploded view in perspective of a helical 

antenna cf an embodiment according to the p;esent invention, 

and Fig. 2 is a structural Figure showing a state where an 

antenna body is flatly unrolled and a feeder circuit 

connected with se:d nntenna. 

In Figs. i and 2, a helical antenna ~o is provided ... 

with an antenna body so composed so that it can cover two 

frequency bands of a first frequency band Fl (of l. 985 to 

2.015 GHz) and a second frequency band F2 (of 2.:1.7 to 2.2 

GHz}, and a feeder circuit 60 comrr~nly used by this antenna 

body 50. 

As shown in Figs. l and 2, said antenna body 50 is 

provided with a cylindrical body 502 having a diameter of 

about S % of wavelength cf the first frequency band Fl or 

the second frequency band f2 and a specified length and 

being made of a dielectric material such as polycarbonate, 

FRP or the like, and a dielectric sheet 504 formed out of 

polyimide or the like in the shape of a parallelogram, said 

dielectric sheet being wound around the outer 

circumferential surface of this cylindrical body 502. 

On one surface of said dielectric sheet 504, as shown 

in Fig. 2, four first antenna 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 

509 shorter than said first anten~a element 506 are 

arranged in parallel and alternately with one another at 

certain intervals in the short-side direction of the 
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dielectric sheet 504 and the lower ends of the first 

antenna elements 506 and the second ar.~enna elements 508 

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 antenna e:ements 508 is about 3/4 of 

wavelength of the second frequency band F2. 

And four coupling lines 510 each of which is 

electro~~gnetically coupled with one of the first antenna 

elements 506 and one cf the second ante~na 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 seco~d antenna elements 

508. 

The length of said coupling line 510 is about 14 % of 

wavelength of the first frequency band :1 or the second 

frequency band F2. 

The spacing between the coupling l~ne 510 and the 

first antenna element 506 or the s~cond antenna element 508 

is about 1 % of wavelength of the first frequency band Fl 

or the second frequency band F2. 

The reason why the lengths of the first and second 

antenna ~lements 506 and 508 and the le~gth of the coupling 

line 510 are set as said values is that a good impedance 

matching characteristics in the first a~d second frequency 

bands Fl and F2 and a wide radia:ion pat~ern characteris:ic 

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

antenna can be obtained. 
This Sheet Has Been Replaced 

I Ill~\ Ill Ill I~ \ft\ 
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The first a~tenna elements 506, the second antenna 

elements 508 anc the coupling lines 510 are formed at the 

same tirr.e in the same p:ocess by forming a c;::opper foil 

layer in advance on the surface of the dielectric sheet 504 

and etching this copper foil layer into an antenna element 

pattern shown ir. Fig. 2. 

In Fig. 1, ~he feeder circuit 60 is provided with a 

base 602 ~zde of alumin~m having a disk 602A and a flat 

plate 6023 prov~ded perpendicularly to the upper surface of 

the disk 602A, t~o printed circuit boards 604 and 606 which 

are attached to ~oth faces of the flat plate 602B and on 

which div~ding/synthesizing circuit 601 composed of 3 dB 

hybrid circuits, micros~rip lines and the like are mounted, 

a feeder coaxial cable 608 which is joined with the 

downside cf the disk 602A of the base 602 and is connected 

~ith the printed circui~ boards 604 and 606, and a 

connecto= 610 wh~=h is provided on the head end of the 

coaxial cable 6C8 and is to be connected with an 

~nillustrated tra~smiss~on and reception system. 

Addit~onally, it is provided with a supporting plate 

614 made of an e:ectrically insu::.ating material which plate 

supports ~he ante~na body 50 and has four connecting pins 

612 for connecti~g the coupling lines 510 of the antenna 

body 60 with the ?rinted circuit boards 604 and 606. 

These connec~ing pi~s 612 penetrate through the 

suppotting plate 614 to ?reject ~pward and downward, and 

the projecting e~~s of ~~e connecting pins 612 are 

respectively con~ected by soldering to the coupling lines 
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510 of the antenna body 60 and the !eeder terminals o: 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 Fl (of 1.985 to 

2.015 GHZ) and the second frequency band F2 (of 2.17 to 2.2 

GHz) into two high-frequency signals being different by :so 
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 1 

dividing/synthesizing circuit 618 which divides one high­

=requency signal obtained by division performed by this 

dividing/synthesizing circuit 616 into two high-frequency 

signals (of O degree and -90 degrees) being different by 90 

degrees in phase from each other to feed them to the 

antenna body SO or synthesizes two high-frequency signals 

{of 0 degree and -90 degrees) being different by 90 degrees 

in phase from each other given from the antenna body 50 

into a high-frequency signal, and a dividing/synthesizin; 

circuit 620 which divides the other high-frequency signa: 

obtained by division performed by the dividing/synthesiz~ng 

circuit 616 into two high-frequency signals {of -180 

degrees and -270 degrees) being different by 90 degrees !n 

phase from each other to feed them to the antenna body 5~ 

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 antenna body 50 into a h~=h-

frequency signal. 
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Next, operation of a helical ante~na composed a? 

described above is described with refe=ence to Fig. 2. 

When a high-frequency signal of tte fi~st frequency 

band Fl (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-fraquency signal is 

transmitted through the cable 60S and is distributed by the 

dividing/synthesizing circuits 6:6, 618 and 620 mounted on 

the printed circuit boards 604 and 606 ~c the four 

connecting pins 612 . 

. At this time the high-frequency signals distributed to 

the four connecting pins 612 are eq~al ~n amplitude to one 

another and are different by 90 degrees in phase from one 

another so as to be 0 degree, -90 degrees, -180 degrees and 

-270 degrees. 

The high-frequency signals distrib~ted into four are 

fed through the four electromagnetic co~pling lines 510 to 

the antenna elements 506 and 508. 

Hereupon, the high-frequency signals of the first 

frequency band Fl and the second frequency band F2 operate 

in different manners from each ether. 

That is to say, the high-frequency signal of the lower 

first frequency band Fl is transm~tted t= the longer first 

antenna elements 506, and radiates a hig~-frequency signal 

in its transmission process. 

In a 4-wire type helical antenna of ~his kind, sine~ a 

frequency characteristic of retur~ loss ~s very narrow, its 

impedance is not matched with respect to the shorter seco~d_ 

.iiii~f 
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antenna elements 5~9 and the high-freq~ency signal is 

little transmitted to it. 

For the lower first frequency band rl, _therefore, only 

the longer first an~enna e:ements 506 operate in such a 

manner as connected. 

Similarly, the high-frequency signal of the higher 

second frequency ba<ld F2 is transmitted to only the shorter 

second antenna ele~ents 508, and is little transmitted to 

the first antenna elements 506. 

Among radio-waves rece~ving at the helical antenna 40, 

the radio-wave of the first frequency band Fl is caught by 

the first antenna e:ements 506 of the antenna body 50, and 

high-frequency signals generated in the first antenna 

elements 506 are sy~thesizec in sequence by the 

dividing/synthesizi~g circu~ts 619, 620 and 616 and are fed 

through the cable 6~8 and tte connector 610 to the 

reception system. 

And amor.g radio-waves receiv~ng at the helical antenna 

40, the radio-wave o= the second frequer.cy band F2 is 

caught by the second anten~a elements 508 of the antenna 

body 50, and high-f=equency powers generated in the second 

antenna elements 506 are synthesized in sequence by the 

divicling/synthesizi~g circu~~s 618, 620 and 616 and are fed 

through the cable 6Ge and t~e connector 510 to the 

reception sys~ern. 

Fig. 3 shows a :eturn :oss characte=istic obtained by 

seeing the first and second antenna ele~ents 506 and 508 

sides from the elecc=omagnet~c cou~lino lines 510 side. . -
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!n Fig. 3, a ~-mark 30 indicates a return loss at a 

!requency of 1.985 GHz and a ~-mark 32 indicates a return 

loss at a frequency of 2.015 GHz. 

And a .6-mark 34 indicates a return loss at a 

frequency of 2.17 GHz and a .6-mark 36 indicates a return 

loss at a frequency of 2.2 GHz. 

As clearly known from Fig. 3, this antenna can cover 

transmission and reception in a frequency band of 1.9B5 to 

2.015 GHz, and can also cover transmission and reception in 

a frequency band of 1.985 to 2.015 GHz. 

Fig. 4 shows a return loss characteristic obtained by 

seeing the first and second antenna elements 506 and 508 

s~des from the connector 610 side. 

In Fig. 4, a .6-mark 40 indicates a return loss at a 

=requency of 1.985 GHz and a .6-mark 42 indicates a return 

loss at a frequency cf 2.015 GHz. 

And a .6-mark 44 indicates a return loss at a 

:requency of 2.17 GHz and a .6.-mark 46 indicates a return 

less at a frequency of 2.2 GHz. 

Fig. 5 is a graph showing a radiation pattern 

characteristic of a high-frequency signal radiated from a 

telical antenna according this embodiment, in which tte 

abscissa shows an angle from the horizontal plane 

{elevation angle} and the ordinat~ shows the intensity of 

=adio-waves. 

In Fig. 5, curve 100 shows a radiation pattern 

characte~istic of the first frequency band Fl and curve 102 

shows a radiation pattern characteristic of .the second 
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As clearly known from Fig. 5, the ~elical antenna of 

this embodiment can cover the first frequen~y band Fl and 

the second frequency band F2. 

According to this embodiment as described above, it is 

possible to cover the first frequency band Fl and the 

second frequency band F2 and use the po~er feeding circuit 

60 commonly to the first and second antenna elements 506 

and 508 adjusted to the respective freq~ency bands by 

electromagnetically coupling one-side e~ds adjacent to each 

other of the sets of the first and secc~d antenna elements 

506 and 506 by means of the coupling li~es 510. 

Thus, the helical antenna can do with one feeder 

circuit 60, and also can do with one cable and one 

conne~tor, and so the feeder circuit portion can be made 

small in size. 

And according to the embodiment of the present 

invention, since the first and second a~:enna elements 506 

and 508 and the coupling lines 510 can ce formed at the 

same time by etching a copper foil on the surf ace of the 

dielectric sheet 504, such a h~lical antenna composed as 

described above can be easily manufactu=ed. 

Figs. 6A to 6E are explanatory figu=es showing other 

e~bodiments of the structure of a coupli~g line 510 fer 

coupling a feeder circuit 60 to first a~= second antenna 

elements according to the present inven:~on. 

Fig. 6A shows a structure which for~s a coupling line 

510 for coupling a first antenna eleme~t 506 a~d a second 
-------
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antenna element 508 to a feeder c~rcuit 60 into a U shape 

having a spacing s~aller ttan the spacing between the fi~st 

and second anten~a ele~ents 506 ar.d 508. On~ branch of this 

u-shaped couplir.g :ine 510 is electromagnetically coupled 

to one end port~on of the first an:enna element 506 with a 

gap bet"een ~h~~ -~ct rhe ~~he-~ b~--~n .. ch ~s ... .... ........ ,, c... ~ - - -

electromagnetically coupled to one end portion of the 

second antenna ele~ent 508 with a gap between them. 

Fig. 6B shows a structure which forms a coupling line 

510 for couolina a first antenna element 506 and· a second 
- J 

antenna element 508 to a feeder circuit 60 into a U shape 

having a spacing e~ual to ~he spacing between the first and 

second antenna ele~ents 506 and 5C8. One branch of this u-

shaped co~pling li~e 510 is electromagnetically coupled to 

one end portion of the first antenr.a element 506 with a gap 

between them, and ~he othe~ branch is electromagnetically 

coupled to c~e enc ?Ortion of the second antenna element 

509 with a gap bet~een the~. 

Fig. 6C shows a structure which forms a coupling line 

510 for coupling a first a~tenna e:ement 506 and a second 

antenna ele~ent SOB to a !eeder circuit 60 into an L shape. 

One end of this co~pling line 510 ~s joined directly to 

one end of the secc~d ante~na ele~ent 508, and the other 

end of this coupli~g line 510 is ~:ectromagnetically 

coupled to one enc portion of the first antenna element 506 

with a gap betweer. them. 

Fig. 6D shows a struc~ure wh~~h forms a coupling lir.e 

510 for co~pli~g a first a~tenna element 506 and a seco~d 
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antenr.a element 508 to a feeder circuit 60 so as to be 

electr~cally directly connected with one-side ends of the 

first and second antenna elements 506 and 508. 

Fig. 6E shows a structure which is the same as the 

structure of Fig. 6D except for having a long coupling line 

at the center of the coupling line 510. 

:he coupling lines in these embodiments can be formed 

on the same surface as the surface of the dielectric sheet 

on which the antenna elements are formed. Therefore, these 

embodi~ents have an advantage providing a easy frequency 

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 510 

for co~pling first and second antenna elements to a feeder 

circuit 60 according to the present invention. 

Fig. 7A shows a structure which forms a coupling l~ne 

510 for coupling a first antenna element 506 and a second 

anten~a element 508 to a feeder circuit 60 on the surface 

oppos~te 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 

elemer.ts 506 and 508, as shown by a dashed line, and 

thereby couples the coupling line 510 ~lectromagnetical:y 

with t~e 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 

antenna element 508, forms a coupling line 510 for coupling 

the t~rst antenna element 506 and the second antenna 
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element 508 to a feeder circuit 60 into a U shape having a 

spacing equal 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 and 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. 

Fig. 7C sho~s a structure which forms a coupling line 

510 for coupling a first antenna element 506 and a second 

antenna element 508 to a 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 on 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 

thereby couples the coupling line 510 electromagnetically 

with the first and second antenna elements 506 and 508. 

Fig. 70 shows a structure which forms one end portion 

SOSA of the second antenna element 508 into an L shape and 

makes the one end portion 508A close to one end of the 

first antenna element 506, and forms a coupling line 510 

foi coupling the first and second antenna elements 506 and 

508 to a 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 elemen~506 and 508 are 
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formed, so as to be opposite to the one end portion of the 

first antenna element 506 and the L-shaped one end portion 

SOSA, and couples the coupling line 510 ele~tromagnetica~ly 

with the first and second antenna elements 506 and 508. 

Fig, iE 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. 8 shows other embodiment of the helical antenna. 

Fig. 8 is the same structure as the structure shown in Fig. 

1 except for that ~he 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 506, 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 SOB according to the present 

invention. The firs: antenna elements 506 and the second 

antenna elements 508 are arranged in parallel at same fixed 

pitch angle as shown in Figs. 1, 2, 6A to 6E and 7A to 7E. 

However, the first antenna elements 506 and the second 

antenna ele~en~s 508 in Fig. 10 are not arranged in 

parallel at a different pitch angle. As shown in Fig. 10, 

the first antenna e:ements 506 have an incline angle of 81 

degree from a horizontal line (~he edge of the dielectric 
---------·----
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sheet 504). The second antenna elements 508 have an incline 

angle of 82 degree from the horizontal line. The 81 and B 

2 are selected so that the first antenna elements 506 and 

the second antenna elements 508 do not cross respectively. 

A pitch angle of the helical antenna, formed by winding 

this antenna bocy with these anten~a elements around the 

cylindrical body, is changeable by changing the Bl and B2. 

Therefore, when a beam tilt between the transmission 

frequency band and the reception frequency band is occurred 

in case of a parallel arrangerr~nt of the antenna.elements, 

the beam tilt of the helical antenna is compensated by 

h · ·· e, · e2 c anging t:ne ... ana r • 

Figs. 11A and llB are compositional diagrams showing 

embodiments cf a feeder circuit 60 shown in Fig. 2. 

!n Fig. llA, a dividing/synthesizing circuit 80 

forming a feeder circuit 60 is composed of a first 3-dB 

hybrid circuit 802 to be connected to a feeder terminal 801, 

a second 3-dB hybrid circuit 804 which is connected to one 

output terminal of this hybrid circuit 802 and divides a 

high-frequency signal into two high-frequency signals (of 0 

degree and -90 degrees) or synthesizes them into a high­

frequency signal, and a third 3-dB hybrid circuit 808 which 

is connected through a 1/4-wavelength l~ne 806 of impedance 

ZO to the other output terminal of the first 3-dB hybrid 

circuit 802 and divides a high-frequency signal into two 

high-frequency signals (of -180 degrees and -270 degrees) 

or synthesizes them into a high-frequency signal. 

!n Fig. 11B, a dividing/synthesi7.ir.g circui: 82 

ililifliU 
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forming a feeder circuit 60 is composed of a 1/4-wavelength 

line 822 of impedance ZO which is connected with a feeder 

terminal 820 and divides a high-frequency signal into two 

high-frequency signals of 0 degree and -90 degtees in phase 

or synthesizes them into a high-frequency signal, a 1/2-

wavelength ).g line 824 of impedance zo which is connected 

to the feeder 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 1/4-wavelength lg line 826 of impedance ZO 

which divides a high-frequency signal given from the 1/2-

wavelength line 824 into two high-frequency signals of -180 

degrees and -270 degrees in phase or synthesizes them into 

a high-frequency signal. 

Also 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 cf the present invention in case of forming a 

feeder circuit 60 on a supporting plate of a helical 

antenna is described. 

In Figs. 12 and 13, a feeder circuit 60 formed by 

co~~ining a plurality of microstrip lines 630 of fractions 

cf wavelength of a frequency band to be used is formed on 

the surface of a supporting plate 614 of a helical antenna. 

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

feeder circuit 60 are connected to a pJurality of 

---------
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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 so. 

And a connector 632 for feeding power 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 lj.ne 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 a 

copper foil on the surface of the supporting plate 614 and 

etching this copper foil as a method for forming said 

microstrip lines 630 of the feeder circuit 60. 

And as 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 printing. 

In a helical antenna having such a composition as 

described above, 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 helical 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 frequency 
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band Fl and a second frequency band F2 in a mobile radio 

communication system using a satellite, the present 

invention is not limited to this, but can b~ applied also 

to a helical antenna covering three or more frequency bands 

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

·'Invention· ·to two frequency bands al though the number of 

kinds of antenna elements b~ing different in length from 

one another is increased correspondingly to the frequency 

bands to be used. 

As described above, according to a helical antenna of 

the present invention, it is possible to cover a plurality 

of frequency bands and comrnonly use a feeder circuit for 

antenna elements correspondir.g to the respective frequency 

bands by coupling the respective sets of antenna elements 

corre~ponding to the respective wavel~ngths 

electromagnetically with the feeder circuit by means of 

coupling lines. 

By this, the helical antenna can do with one feeder 

circuit and can do also with one cable and one connector, 

and therefore can have the feeder circuit portion rr.ade 

smaller in size, 

And according to a helical antenna of the present 

invention, it is possible to easily reduce the number of 

components of the helical antenna and make the helical 

antenna smaller in siz0 and :ower in cost. 

And according to a helical antenna manufacturing 

method of the present invent~on, it is possible to easily 

manufacture s~ch a helical ~~~enna as described above. 
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WHAT IS CLAIMED IS: 

1. A helical antenna covering a plurality of different 

frequency bands, comprising; 

a single cylindrical body made of a dielectric 

material having a specified diameter and a specified length 

corresponding to wavelengths of one frequency band of said 

frequency bands, 

a plurality of antenna elements arranged alternately 

with a plurality of conductive wires adjusted in length to 

wavelengths of said respective frequency bands at a 

specified pitch angle on the surf ace of said cylindrical 

body, and 

a plurality of coupling lines coupled 

electromagnetically with said antenna e~ements fomed on 

said cylindrical body. 

2. The helical antenna as defined in claim 1, wherein 

said anter.na elements are provided with a comm.on feeder 

circuit connected with said antenna ele~ents through said 

coupling lines. 

3. The helical antenna as defined in claim 1, wherein a 

dielectric sheet is wound around the outer circumferential 

surface of said cylindrical body, and said plurality of 

antenna elements and said plurality of coupling lines are 

formed on said dielectric sheet. 

4. The helical antenna as defined in claim l, wherein the 

length of said coupling lines is set according to 

wavelength of said frequency band. 

5. The helical antenna as defined in claim 1, wherein 

iiiii1ii1Ui 
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said coupling lines are formed on the same surface as the 

surf ace 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 surf ace 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 a supporting plate, and said feeder· circuit 

and said coupling lines are connected with each other 

through connecting pins provided on said supporting plate. 

8. The helical antenna as defined in claim 7, wherein 

said supporting plate is disposed at an end in the 

longitudinal direction of said cylindrical body. 

9. The helical antenna as defined in claim 8, wherein a 

printed circuit board is disposed on the surface opposite 

to the surf ace of said supporting plate facing said 

cylindrical body and said feeder circuit is mounted on said 

printed circuit board. 

10. The helical antenna as defined in claim 9, wherein 

said connecting pins penetrating through said supporting 

plate arc provided across between the cylindrical body ar.d 

the printed circuit board. 

11. The helical antenna us defined in claim 9, wherein 

said printed circuit board is supported by a base. 

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

cable for feeding sj.gnal to said feeder circuit is provided 

This Sheet Has Been Replaced 
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13. The helical antenna as defined in claim 12, wherein 

said cable is provided with a connector. 

14. The helical antenna as defined in claim 2, wherein 

said feeder circuit is composed of a plurality of 

dividing/synthesizing circuits each of which divides a 

high-frequency signal into high-frequency signals having 

specified phases corresponding to the number of conductive 

wires forming said antenna elements or synthesizes the 

high-frequency signals. 

15. The helical antenna as defined in claim 14, wherein 

said dividing/synthesizing circuit is composed by combining 

a hybrid circuit and a microstrip line corresponding to a 

fraction of wavelength of a frequency band to be used. 

16. The helical antenna as defined in claim 14, wherein 

said dividing/synthesizing circuit is composed by combining 

a plurality of microstrip lines each of which corresponds 

to a fraction of wavelength of a frequency band to be us~d. 

17. The helical antenna as defined in cla~m 2, wherein 

said cylindrical body including said antenna elements is 

supported by a supporting plate, said feeder circuit is 

formed on said supporting plate, and said feeder circuit 

and said coupling lines are connected with each other 

through said connecting pins pr.ovided in the supporting 

plate. 

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

said supporting plate is provid~d with a connector for 

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

said feeder circuit is composed by corr~ining a plurality of 

wavelength lines each of which corresponds to a fraction of 

wavelength of a frequency band to be used. 

20. A method for manufacturing a helical antenna covering 

a plurality of diffsrent frequency bands, comprising; 

a step of providing a cylindrical body made of a 

die:ectric material having a specified diameter and a 

specified length corresponding to wavelengths of one 

frequency band of said frequency bands, 

a step of providing a dielectric sheet large enough to 

cover the outer circumferential surf ace of said cylindrical 

body, 

a step of forrr~ng on said dielectric sheet a plurality 

of antenna elements by providing a plurality of plural 

conductive 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 said 

plurality 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 hel~cal antenna as 

defined in claim 20, wherein said plurality of antenna 

elements and said plurality of coupling lines are formed on 

the surface of said dielectric sheet ir. 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 parallelogram 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 manufacturing a helical antenna as 

defined 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 ~~thod 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 

anten~a elements and said plurality of coupling lines are 

formed by etching said copper foil. 

25. The method for manufacturing 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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