;e3e(6T(}&Y., r 1 2 3 AP R 2002 A METHOD O PRODUCI NG A HELI CAL ANTENNA AND
THE HELI CAL ANTENNA APPARATUS ~ BACKGROUND OF THE I NVENTION 1. Field of
the Invention The present invention relates to a heli cal antagag s

an antenna for a nobile termnal in a nobile radio comunicati £§B en1or
the like using a nobile satellite and to a nethod for producing the helical

ant enna. 2 t R ted, AL, I adLe ni cati on

systen1u5|ngEF§§ ng?ﬁgc aE&Flltgh?n genépaFNﬁégﬂpb #g ggné§ggnﬁd of 1.9&5

to 2 015 ssion frequency band and a frequen 17
N hRR&HY q y q

to Gﬁg%gsﬁg ?g%egg?on frequency band. In transm ssion aMW' {mJ

betmeen the mobile satellite and a nobile station, therefore, an an

havi ng a frequency characteristic capabl e of effectlvely perfor

transms egep n ow return loss in a fre band of
about 30§RE§G?QQPE g?rggg ﬁgkngggll-s _zed and IlghtmelghQMﬁle“mwwmw
i 'S

necessary as %Qe@ﬁtﬁﬁnﬁhgogngeHEQbhe terninal . Thus a hel
used, but in case that such an antenna is nade small-sized in *aso@t | ength

and in dianet ghe b8 sEheNsi,aREBN! cINEAGY BABInEEULE S ahRePRENT - nar T ow

For exanpl e, el cal antenna of out wavel engt hs

in axial Jsenobl aRdaqkeaRaUECQ B WRKEhENERmiRadl ARPECMOBACRYRE ON! Y SUCh

a very narrow
communicaticn system or the like using a mobile satellite

enna

and to 2 method for producing the helical antenna.
2. Description of the Related Art

_ A mobile radio communicat:on system using the mobile
satellite in general uses a frequency band of 1.9§5 <o
2.015 GHz as a transmission frecuency band and a frequency
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 freguency characteristic capable of effectively
performing transmizssion and reception with a low return
loss in a frequency band of about 30 MHz is reguired.

And a small-s:zzed and lightweight antenna is necessary
ds an antenna for a mobile terminal.

Thus a 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, & 4-wire wound helical antenna of about
1/4 to 5/4 wavelengths in axial length and of about 0.1

wavelength in diazmeter can cover only such a very narrow



~~1227Z 3 AP R 2002 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

*‘usin& two different frequency bands, for exanple, a frequency band of 1.985
to 2.015 GHz and a frequency band of 2.17 to 2.2 GHz |ike an antenna used
in a nobile radi o conmuni cation systen%usi ng a nobil e satel Iiﬂe3 APQR 2{]{]25
a characteristic diagramshowi ng a relation between frequency and return

loss in cagquhaly BaRel keal @GthQaOQdEU§EEQuEHC? begguencyebandqof 1.985
to 2.015 GHzZ is dsed in both frequency bands of 1.9'85 to 2.015 GHz and

2.17 to 2.2 Ghge RoFic8il4, sdcB- BB knBbnhAdhsatRssaiketiHslit@sseaton
frequency of 1.9B5 GHz and a O mark 97 indicates a return | oss at a

frcquencyarmdfantedha @¥3ngAteoa dOfFRrens firegueatoSbantel UEBz! essmBled
frequency of 2.17 GHz and a p-mark 99 indicates a return loss at a

frequency freduenGw bafdl @lfear.logskrewn. 0L60GHE @gndld, fitbigaeasiyepaadcan
cover transm ssion and reception in a frequency band of 1.985 to 2.015 GHQ
but cann@f Qaudr to 2nLMGHI Qi kandnr apeehnanuisedaihr agmebdyebasdiof 2. 17 to
2.2 GHz. Fig. 15 is a structural diagram showi ng a conventional helical,

ant enna cajradurg ceft ioov arist@nt e 1akovemobilieosadetWdtbr.equency bands and a
feeder circuit of it. In Fig. 15, an 8-wire wound antenna body 90 form ng

the helical amtignnad 4sflaaicheranteklieditodhegzhawshoding- o telwensd helical
ant enna capabl e of covering two frequency bands is forned by winding this
antenna lmxhween frequency and return loss in case that a helical

antenna adjusted tec a freguency band of 1.985 to 2.015 GH:z

is used in both frecuency bkands ¢f 1.985 to 2.015 GHz and

2.17 o0 2.2 GHz.

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

And a A-mark 98 indicates a return loss at 2
frequency of 2.17 GHz and a A-mark 99 indicates a return
loss at a frequency c¢f 2.2 GHz.

As clearly known from Fig. 14, this antenna can ccver
transmission and reception in a freguency band of 1.985 to
2.015 GHEz, but cannot cover trensmission and reception in a
freguency 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 2 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-wire wound hel:ical artenna capable of covering

two frequency bands is formed by winding this antenna body



"t ,, 2 3 AP R 2002 90 around the outer circunferential surface of a
cylindrical body, not illustrated, made of a dielectric material of
‘pol ycarbonate or the like. The antenna body 90 is conposed of a film 902

formed in the shape of a parallelogramout of a dielectric e
polyimde or the like, first antenna el ements 909 conposed g Z“ygdzugz

Wi res whigh gxde e dig surdiacsufe 1dHts 1 190X ¥Ed 4 ke | ong-si de
direction of said film902 at a specified pinch angle and are arranged in
pa=al | el oyYlindmiecanadwy, alotspaldsethigt emads dih 4 el Sletrisd de
direction of said film902, and second antenna el enents 906 shorter than
the firstmardeiain ef qolntca Mhatiheod ivrsd larkeenna el ements 904 and the
second antenna el enents 906 are arranged alternately with each other in the
short-side di rim iamterind eody 190 UX dompm seicatoef whefid ot 802 foxmd ends are
a=ranged in aline. In this case the first antenna el enents 904 are

adj ust ed im tlengifege &f fa eupealtle baqwbofoult WH d ik Xk f3d¢ shrekt he second
antenna el enments 906 are adjusted in length. to a frequency band of 2.17 to
2.2 Giz. ridge fedesl wininds to¥2the Tiokpostik s antferaderesymdrems BOOf a first
frequency band F' _ (of 1.985 to 2.015 GHz) and a feeder system 96 of a
second fresmesssd e eddyafive Wites W diiext it dreastey sysfam B of the
first frequency band F1 is conposed of a dividing/synthesizing circuit 941
whi ch di vitles £0lm 96 riagueneylsagralde ndiordomi dn oIt fserpienichm S9@hal s bei ng

different by 1HO degrees in phase from each s s,
at a specified pitch angle and are arranged in parsllel
with one another at specified intervals in the short-sice
directicn of said film 802, and second antennz elements 90¢
shorter than the first antenna elements 904.

The first antenna elements 904 and the second antenra
elements 306 are arranged alternately with each other in
the short-side direction of the film 802 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 2 frequency band of 1.885 to 2.015
GEz 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
84 cf a first frequency band F! (of 1.985 to 2.015 GHz) and
a feeder system 96 of a second frequency band F2 (of 2.17
to 2.2 GHz).

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

signals beang different by 180 degrees in phase from each



a 2 3 APR 2002 ot her or synthesizes two high-frequency signals being
~different by 180 degrees in phase fromeach other into a high-frequency
'signdl ) a dividing/synthesizing circuit 942 which divides one

hi gh-frequency signal obtained by division perforned by this

di vidi ng/ synthesizing circuit 941 into 4w high-frequEncy si Zr&IAP(R)fzwz
degree and -90 degrees) being different by 90 degrees in phase from each
ot her to foat@rt bensipthéel 2 erwa Hoghy- S qrersynisigaazesbennghi gh- f requency
signals (of 0 degree and -90 degrees; being different by 90 degrees in
phase fromigfementhey t8¥ededroms tire shasenfxdrodgchOorthes anhogh-frequency
signal, and a drviding/synthesizng circuit 943 which divides the other
h=gh- f r equegby fpegeenopt al gral bya i siing [semftdesddipg checuit 942

di vidi ng/synthesizing circuit 991 into two hi ghfrequency signals (of -1BO
degr ees amdich7givégereesne bl Gy~ Brequsngt Lened $&FRA88C. RYphase from each
other to feed hemto the antenna body 90 or synthesizes two highfrequency
si gnal s (c¢fivisige Héﬁﬁ@é@eﬁnﬁy-QWOSd%ﬁ?%ﬁkﬂg4ﬁ¥ﬁﬁ?%ﬁLﬂﬂ§€eﬁﬁrﬁy~§0 degr ees
in phase fraogm each other given fromthe antenna body 90 into a

hi gh- f r equiddcy N$PgRYP. DEGR N HILERCY nptAT R AT tdedRigR&es 357 TRE

di vi di ng/ synt hesi zi ng circhts 942 ang 993 i s caonnected &ith eacF of the
first ant &S nBALBIoBALER T BRE BNt R REHFRS 96‘5%@6&9 I8™c868pPing wire
944. Nunber 945 indic teﬁ a connectin terqgnal to a trangnission/reception
system of AH&T &8déreSySPEMm 89 bRe ( FREERRZ P leRly WRFGCEL 28 The f eeder

f th d f band ; i d
0 R BRI e a6 SR
o gnal i, G.LOGIUgICY SLonels. Peli LG AUbctEg deorees i

di ff t | PR i<k
AR i R I A Wt e A
si gnal ngF Syt hes urt < ore ™

i Vi i gy STt Ko g o P E BB L TRy 6o Rt (e SegndTS (of o

degree anchufly degreasBaenng dolber ot aDiedfionnpn d dhaverbrom each

other to feed themto the an o] 90 or synthesizes ‘two high-frequency

signal s ofpP WAIrAS:@AGg/A¢ndBaEEeShgbel RSutt fd €T erre by D rdegrees in phase
fromeach other given fromthe antenna body 90 into a hi gh-frequency

signal , anfrequiindwisighayst hegi ziBg aegeeks £0B W Ehiahmedss deliggot her

hi gh-frequency signal obtained by division perforned by the

di vi di ng/ syad freedrdi iy GiOr degire®681innpoas et homghd a @querioyr siogrizlest (of -180
degrees and -270 degrees) being different by 90 degrees in phase from each
ot her to fekemtiermheo antenant sady BOd9rosyntheyntdestwehighor hi ghf requency
signals (of -184 degrees and -27d degrees) being different by 90 degrees in
phase fronfef¥EBhad ggialén (PfomifRedaareanhaadddy? 90 ded%ees hikpiokr equency
signal . Each_of the input/output termnals of the dividing/synthesizing
circuits 9B MRPI6PY Pcoraseesd i PRABACATOT eHeh SR RN TFoM enent s

9C6 of the antenna body 90 through a coupling wire 964.
the antennz body 90 intd a high-frecuency signal.

Each of the input/output terminals of the
cividing/synthesizing circuits 942 and 943 is connected
with each of the first antenna elements 904 of tne antenna
body 90 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 96 of the second freguency band F2



Nunber 965 indicates a connecting termnal to a 2 3 AP R~"" ~ VW
transm ssion/reception systemof the feeder system 96 of the second
wfrequency band F2. In a conventional helical antenna conposed as descri bed
above, at the tine of transnission, when a highfrequency siZaARR 20662
first frequency band F1 is supplied frdbmthe transmni ssion systemto the
termnal 945 of the feeder system 94, this high-frequency signal is divided
by the digi dompésydit besazdngidingsystBddizoa8 andc948 BPhAlowhbah

hi gh-frequency signals respectively having phase differences of 0, -90,
-180 anddif¥Beslegreibghtbrbguendyt eighelr éspectiweehfighstragtenay el enents
904 of the antenna body 90, and is radiated as radi o-waves. And when a

hi gh-freqigne¥ssbgoay dfffhrenscogdlBbfedagnegsbandphasesfzappkred fromt he
transm ssion systemto the termnal 965 of the feeder system 96, this

hi ghf r eqoghey stgaphthesiizesdsdcbighe fukrqudnay/ sygnBesi BRAJIci rcuits 961,
96Z and 963 into four high-frequency signals respectively having phase

di fferendéféferedt bp0160180gares2in pbesecfrom Bacheathert hBtPedpecti ve
second antenna el enents 905 of the antenna body 90, and is radiated as

r adi o- wahégh-fneghenoyheighadd, aansngdiagi/synanesizéngi ¢inguat €RE hel i cal
antenna, the radio-waves in the first frequency band F1 are caught by the
first anweanh divfndasso8e4hifght-ifeegueaayasbgaploobtanaedi §iv-frequency
powers generated in the first antenna el enents 904 are synthesized in
sequence dayishendperfongesy byhadilisi 0§ véidingi/isyngdesigiangasd rg4itand aye
supplied to the reception systemthrough the term nal 995. ~1t 23A
P R 2002 94dd 1amongwoadighndregueacy viiggaads tied Reldegaiecarnenndl t he

radi o-waves in the second frequency band F2 are caught by the second

ant enna ¢legmerss besngf dideaerdniy 156d¢Eeqy eesnd rhipgiastr SFPEn @R CPowver s
generated in the second antenna el enents 905 are synthesized in sequence by
the di vi ¢ithg/s st Kesidz ithgrcitice tiltss ag3Nge Doghd %P6 Prasdyrdhessd8sl i ed to the
reception systemthrough the term nal 965. However, a conventional helical
antenna Ka® aighrdcequendyerse aNfg Seloss & daaramand eféhtdeIre®s lof which
sets conprises four conductive wires adjusted in, length correspondingly to
one of t FeNko didgrendy tyarkds daaragfe gt M2 sH AR If e L& Hori ses Four
conductive wares adjusted in length cornegponding“g to the other of the two

f r equencyE AR L7 WEnHHER Eh PAte s S & MREriRe B8 htss Hrée -
prow=ded with the respective feeder systens. clearly, kno fromFig. i3
al so, in@1de QW%/%W&W?%%W%@ "Q?%Frdi%‘fﬁ% Ytk hesi zi ng
he. nunbeit Y ORI SARIRHY ST g COrTRAL L gL tH THP 7T ST s pact | ve
Circut t s AR oG Y TR BB B 1 Sh SO [ aTT cul ¢ boar .
Circui OO (TRETORal O L1 TN (C SO TS b BEC O OSSR s DS
conpli Cataeijf;*aenzdenetx%eynssid/edegrees in phase from each other to feed

them to the antenna body 90 or synthesizes two high-

frecuency signals (of ~180 degrees and -270 degrees) being

cifferent by 90 degrees in phase from each other given from

the antenna body 90 into a high-frequency signal.

Each of the 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.

Number 965 indicates a connecting terminal to a



And it is very difficult also to arrange eight connecting pins or the |ike
for connecting respectively the conductive tyres of the helical antenna and
ther s 2 3 APR 2002 dividing/synthesizing circuits with each other closely

to the supporting board of the helical antenna. A need thus %zkgt nnnA
provide a helical antenna capable of covering a plurality of d@g ) AVTEPS
bands and usi ng common feeder systens §or antenna el enents adjusted to the

ol | cal | SRR S SUMAE QB TR TRVETI O TR rRARF (0 She et of the

Of o {1 cr Dt IPRRrst BIARY KAMA&1 ng: o oi ngl e Oyl i ndr i cal “body made of
c delect il et B nn 8 et LS AT Sl ey sppct {1 od et
i R S i T
Cepee AR SR P e i B LTSRN
%lﬂi gd[): ﬁgzr??gg}z; ﬁr?ﬁ%mti?%ifﬁf%%ﬁ;’tﬁ;dw%g{i%tg# Zgi(rj cyl |§zjiri cia: ybody,
copf o8 S0 A eI o D P s 0 8 Ao
2Ptfﬂga flggeﬁff &éﬁéZEY%h_%%id-§€|%§ar|%§f %ody.r %%co?%in93t%0$n??giﬂgﬂzs
pands and 58 Dodien: Faasary spErBRes B SabPu il B RhYalea 1o the
respectivgig%ggggggg Q§n§§'-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 1s supplied from the transmission system
to the terminal 965 of the feeder system 96, this high-
frequency signal 1s divided by the dividing/synthesizing
circuits 961, 962 and 963 into four high-frequency signals
respectively having phase differences of 0, -80, -180 and -
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 radioc-waves receiving at the
helical antenna, the readio-waves in the first frequency
band Fl are ceught by the first antenna elements 904 cf the
antenna body 90, and high-frequency powers generated in the
first antenna elements 904 are synthesized in segqguence by
the dividing/synthesizing circuits 943, 942 and 941 and are

suppliecd to the reception svstem through the terminal 945.



Accordi ng to another aspect of the present invention, there is provided a
met hod for manufacturing a helical antenna covering a plurality of
di ff erent frequency bands, conprising; a step of prowding a cyllndrlcal
body made of a dielectric material haying a specified diang %@Uz
specified | ength correspondlng to wavel engths of said frequency ban

t f

Ci 1 ount erent I41° SUTEL - B ST e T and oy ity AL S M g
I it f t

Rl ust ed % T2 ‘?“”“?"?I,S‘J%P%ﬁet 385‘?5“ ﬁ*%@“@%k‘%%ﬁﬁ%é%%%?@gﬁi%lewv“t h a

Spaci ng et upens Enfg e SELiL Yl e SOUPLORG bhnes =or
A ?ec d PAAER 0Pert Crht (e ERDAIP

el ectro netic pl1ng mn er oneé- S|de end said ant enna

el ement s, yhi gh g@)@ggp {pbeEechepLbeteanty atfe dillereninkapdenoth from

e?ch Fther aid e ec rrc s rhlc Isa d
Dor med L%l%I%ﬁﬂ%e%“ﬂ% %t?”?f?ﬂfh%%@% SR adeheY By EBFE et bl "eur face of
sai d Cy'aﬂeﬁégQI Qggyheégegﬁg ggrael gbegh megks 9£dt@@1p£§aeg£?'nventlon

it is p055| rma plufality o antehna el ements” an urality of
I d I I

ant enna ST EES Beserrnf PR 2R ER B%Av&ﬁ@‘Igu&ﬁI“Ié‘C%ﬁfﬁiﬁ?%dzgg View in

perspective Oﬁo@%@éf'C@'c@ﬂ@@ﬂ@9?ﬁﬁcoﬁgife ioaﬁeeﬁﬂ?oﬁége gt of the present

invention. Fig is a structural Figure 2h ow ng a stafe where an antenna

body aCCQEPg@Su%Q bRergmbdi BEDL gk Eﬂgeﬂﬁssgﬂémgﬂﬁgntbﬁé be Lha§h¥3 .

unrol |l ed an eeder circuit connect h sai d antenna. Fi

g[gghffgﬁgtggcamﬁﬁtyég kgis eBakaet eeS&Lseebsabegéeéylﬁegbﬂgthhe ant enna

corresponcdingly 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 twe
frequency band, are combined and these sets of antenna
elements are provicded with the respective feeder systems.
As clearly known from Fig. 13 also, in crder to cover the
two frequency bands, six daividing/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-dimensionally on a printed.circuit board, the
conventional helical antenna has some problems that the
pPrinted 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



el ectromagnetic coupling line side in the enbodi nent of the present
invention. Fig. 9 is a graph showng a return |oss characteristic obtained
by seeing the antenna side fromthe connector side in the enbodi nent of the

present invention. Fig. 5 is a graph show ng an eni ssion pat n
characteristic of a high-frequency signal radiated fromthe 23.%33 gmgnna

in the(fnbo iment of the present in entL%&blFl s.ﬁﬁ}to 6E §¥e expl anat ory

fi gur esd SHbW Y/ BYREP C8ABIEINERTS U Sa ddiih IS4 19 RS st Ui Ut FBr coupl i ng

a feeder _circuit _to _antenna elenent ccardi t he present invention.
Figs. 7A'Fo° 7BPQF lE%p%é{ﬁ‘ét oy Eﬁ&ﬁ&?l@%&m%%ﬁmer. 11 13 AP R 2002
ot her enbodi nent s 8f a coupling line structure for coupling a feeder

circuit to aﬂfeﬂﬁa ef8heEntSiaceortd rgr Pt dhed pheddrpli mgninen.  Fig. 8 is
an_expl odealoyé v | BopEESRECH! ¥e10h 13 hebl:Cal-oAUEERIA AGEAr dINg to other
ig. I'S an éxpl oded

enbodi ment of the present i nvention. view in
per spect$yed of camiieni cdeedatrensastener difng t entenrzer dtdvemtegrbodi ment of

emhodt renl et S nt Bnk CSPERUAY Sl orUP R BorHE pre oLk 10!

a method for manufacturing the helical antenna.

SUMMARY OF THE INVENTION
According to an aspect of the present invention,

there i1s provided 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 said frequency bands,

a plurality of antenna elements corresponding to the
respective frequency bands, said antenna elements being
formed by arranging alternately‘w1th 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 plurality of coupling lines each of which

1s electromagnetically coupled with said conductive wires,



invention. Figs. 11A and 11B are enbodi nent show ng a feeder circuit
according to the present invention. Fig. 12 is a perspective view show ng
ot her enbodi nent showing a feeder circuit according to the present
invention on a supporting plate of a pelical antenna. Fig. 7, 32i3 Am%(]z
view of Fig. 12. Fig. 14 is a charactéristic diagramshow ng a relati

bet weenwfy@yuereyadndceetulte leesh oftherharnid sl Hifenma Becoedong to the
prior art. Egg. 15 is a structural Figure show ng a helical antenna and its
f eeder e RACACRBREFr ngOfo Stthel pre e Gritve PETARTNED PESCRE PYI ONroRdTHE
PREFERRED EMBODI MENTS A helical antenna according to the present invention
i s des@l bef-4 odget hBETWEER #9Bt-hod for manfacturing the helical antenna
with reference Lo gi s. 1to 13.in the i ¥§; 11 following. 12 2 3 APR
2002 Fig. 1 i’sCGR* kggo&éH‘V?§WqﬁﬁﬁEﬁsﬁécFi e RfeSEHel LBYFNEACENNalbf an
embodi neat pageebdiend d dRer PEESER-ah XSt ONEr fb Q- b4nks @i et ural
Figure showing a state where an antenna body is flatly unrolled and a

feeder @PRERMT LEGHRECt BUSUENA Saird amterma. elamengs. adhweted &chetheal

antenna,.40. i Vi i t enna body 50 conposed so that it can
cover ?ﬂ% %2882%059%§H§§E§f%gn?%fst frequency band E'1 (of 1.985 to 2.01S

GFz) and a se f.requency. 2 . 2. ~ der
circuit 60 coﬁﬁgﬁfglﬁgengfn?ﬂﬁgﬂgn?%ﬁ%%ebégykgﬁ.Eﬁgg%%ghn§$ﬂ8€$%§ﬁ’l and
2, sai dtasatrennasbosyobldéd M owiedgthdM tfora myghufidrcoalinbody 5021 bhazing a
di amet er of about 8 % of wavel ength of hg,first frequency band F& or the
second PPEGOBACYF BHTHTID AnBLyregddivt i &hGPReRAd &N A I

d=el ect kgpRaleial such as pol ycarbonate, FRP or the like, and a

dielectric sheet 504 formed out of

a step of prov:ding a cylindrical body made of a
dielectric material having a specified diameter and a
specified length ccrresponding to wavelengths of saxd
frequency bands,

a step of provading a dielectric sheet large enougn to
cover the outer circumferential surface of said cylaindr-cal
body,

a step of forring a pluralaity of antenna elements oy
providing a plurality of conductive wires adjusted in
length to wavelengtnhs of the respective frequency bands
with a spacing betwsen each other and forming a plurality
of coupling lines for electromagnetically coupling with
each other one-side ends of said antenna elements which are
adjacent to each otrer and are different in length from
each other, and

a step of winding said dielectric sheet which saad
plurality of antenra elements and said plurality of

coupling lines are Zormed on around the outer



polyim de or the like in the shape of a parallelogram said dielectric
sheet being wound around the outer circunferential surface of this
cylindrical body 502. On one surface of said dielectric sheet 504, as shown
in Fig. 2, four first antenna el ements 506 extending in the | ong-side
direction of the dielectric sheet 502 at a pitch angle of aRo§tAPR Pljxkes
and four second antenna el enents 508 €horter than said first antenna

el ement cbpbuRFerantangeduirfapar alfl elaiand yalihermiataal yosivt.h one anot her at
certain intervals in the short-side direction of the 11 13 2 3 APR 2002
di el ectric sheebr8@fgand tdaebddivesnendsfotthichepfesastt anhernaiehenert s S06

and the second antenna el enents 508 are arranged in a._ine. The |length of
sai d fiPstPOsR EPerfts 808 LT adgbt %’hagFe%aeeﬁéﬁ%ﬁ%ﬁ £RE 3 r st

frequegwr%@@yﬁo@néow?ihgng_tifﬁe%f Sai gheecond It ENss eharPH5908 IS
about 3/4 of wavel ength of The second frequency band F2. And four coupling
| i nes Bapudachusk wailch hied igladctamdieagr@et i cal |y coupled with one of the
first antenna el enents 506 and one of the second antenna el ements S08 being
adj acent to each other are forned at portions of the dielectric sheet 509
corresponding to the |l ower ends of the first antenna el enents 506 and the

second n I nts. SO08, e of said coupling line 510 is about
14 @6of%&g§gl@ﬁ%?%q%ﬂlﬁﬁkcﬁiPgﬁjﬁﬁ§§ﬁ%#§§ band F1 or the second frequency
band F2. The aci,ng _bet ween .t | | i }ﬁgg : e, fi t enna
el ement 506 gﬁgfhé ggc%hd?ﬁ 15%%§Fgﬁ%ﬁ£2?1§%%%is ajgﬁg(%p¢%o#é§%%%?ength of

the firshLng U%h%sefﬁq% RY, of, the, secand fsequangyy band: FZ, dhe, bgason why
the Il engths of the first” and second

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 characteristac
obtained by seeing the antenna side from the
electromagnetic coupling line side in the embodiment of the
present invention.

Fig. 4 is a graph showing a return loss characteristic
obtained by seeing 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 inventaion.

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.

F1gs. 78 to 7E are explanatory figures showing further



antenna el enments 506 and 508 and the length of the coupling Iine 510 are
set as said values is that a good i npedance matching characteristics in the
first and second frequency bands F1 and F2 and a wi de radiation pattern
characteristic (a wide directivity) :.n the vertex direction gfgﬂﬁ Zﬁ@)cal
ant enna can be obt ai ned. 14 2 3 APR 20p2 The first antenng @l t 6)
t he second antenna el enents 508 and the coupling |lines 510 are forned at
the same tQHEN PRIRAINERS rifc e CUP FiGrTri igiea TopIFEa%i08 SRMPliiMadvance
on the surface of the dielectric sheet 504 and etching this copper foi

| ayer intd® diteffiferfd SlidneiR PateEih SYRWRTSH §5Prdng 1% “&]eg, 1, the
feeder circuit ,60 is provided wth a base 602 nmade of al um nump having a

di sk GOZAQﬁﬁF%b?I%RV%hE&%PGOZB provi ded perpendicularly to the upper

surface of the disk 602A, two printed circuit boards 604 d 606 which are
St aohec o botidadabien xHofed L onipeRiPaRt YR GF & Relital

di vi di ng/ synt hesi zin ﬁéiCUit 601 composed. of 3ég€ brid circuits,

mi crostri pPRrEHER aarﬁfg‘? 39 Ke° LB 5o AmeR e et Mo BA & e abl e 608 whi ch
is joined wth the downside of the disk 602A of the base 602 and is
connect ed ¥WY$ P printed circuit boards 604 and 606, and a connector 6i0
whi ch is provided on the head end q% t he cpaxial cable 608_and is. t%_be
connected with Brfum 112D Rt PP eRhsTH &% Uh RERFRETER!S dif 3y e

Addi ti onal | it is proyided wth supportin | ate 614 e of an

el ect 1 cal FYtFRRRI SEERERHRS cf  of CRENEh SHATE CHRBOITENt HRf art®nna body 50
and has four congecting Pins 612 for connecting the coupling lines 510 of
the ant ennBE BTN 6D W Eh-®he painted circuit boards 604 and 606. _These

ti ins_612 trate_through.t L | 614 t j ect
pward and. downFa?d, TAnist ReShFUFEELFhg  bAAEEoPPPROTECRREEEFAg pi nb 612 ar o

respectively cqonnected_by soldering to the coupling |jne ~s_ 2 3_APR 2002
510 of theeéﬁ?ghﬂﬁn508§ %B aR§eLha ?é%ﬂ%?tt@Fﬁ$ﬁg+ggo#°tﬁgep?F%?%ﬁtcircuit
boards 604 and 606. In Fig. 2, the feeder circuit 60 is conposed of a

di vi di ng/ syRYRBs#2Png circuit 616 which divides a hi ghfrequency power of

oo bl Bk 13 el bt S T A EREERE
bei g o111 8588l by CHO-degEess, LB PRssgcLiomgan,ghner or syt hest zes tuo
oL ner Lo 2 M gt Aueey s La0abece LUl XL hesl £h0g chobkinesis,

this divi disg%géaggg?iggg)eg e&rr%g;tf g%@oira&ggtgg gh@hg%@%«enng@hg@ahs (of

O degree an bei ng erent egrees I n phase from each

other to fegdat ; 5] Na QAW 5 I izes two high-:requency
signal s (o?ﬁoadgggggggﬁg%-gﬁgﬁggﬁgeg)xgé?ﬁgldﬁﬁggggﬁt by 90 degrees in

phase from eachgqisheqsgi;wen K theapkeria bady 50 into a high-frequency
signial, and a §?Vidingfsyntﬁés_zin% circui? 620 whi ch divides the other

high-frequency gijgnah s0hisained by Hadishkor RehGeRREdNBWiINECa relation
di vi di ng/ synthesiZing circuit 616 into two hi gh-frequency “signals (of -180

degrees anchetdt@rded Reial Fdhamnenioshy 30 adegnees )i ankkRag@ from each
other to feed themto the antenna body 50 or synthesizes two high-frequency

signal s (ogcégyammﬁﬁge&ﬁyu#rﬁgg)4gﬁnees) being different by 90 degrees in
phase from each other given fromthe antenna body 50 into a high frequency
si gnal . Fig. 15 is a structural Figure showing a helical

antenna and its feeder circuit according to the prior art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
"A helical antenna according to the present invention
1s described together with a method for manufacturing the

“helical antenna with reference to Figs. 1 to 13 in the



2 3 AP R 2002 Next operation of a helical antenna conposed as descri bed
above is described with reference to Fig. 2. when a high-frequency signal
of tthe fist frequency band F1 (of 1.985 to 2.0l5 Gllz) or the second
frequency band F2 (of 2.17 to 2.2 GHz) is fed to the helical antenna

t hrough the connector 610, this high-frequency signal is transmtted

t hrough the cable 608 and is distributed by the dividing/synthesiz~.ng
circuits f6,0,618 and 620 mounted en ti® printed circuit ﬁ&gdﬂ§§BQ@02nd 606
to the four connecting pins 612. At this tinme the high-frequéency signals
di stributed tarithe If Ay ppengdiddeg piies: Gh2 parapequalvei ©farphietlidelt o one
another and are different by 90 degrees in phase fromore another so as to
be 0 degrgezent®d) ofegire esmbodiBeroe greames: dimay -t27 @ hoe grreesen tTHa vengti-dr,equency
signals distributed into four are Fed through the four el ectromagnetic
coupl i ng 4hdesid] @ tis tdes wniennee lol Rygetes sHX6viag 25682 e g, a1t he

hi gh-frequency signals of the first frequency band F1 and the second
Frequencyzheeth £ operog ef lat Iy furerelritedremiers feegtaraxiraiter. That is to
say, the high-frequency signal of the lower first frequcncy band F1 is
transm ttegnhoctée wotigeseidrstitemiaenna el enents 506. and radi ates a

hi gh-frequency signal in its transm ssion process. In a 4-wi se type helical
antenna of thisnkrngls. sinaed a2 f requelnoye Ic lartzotrey i 40 iis gfrawdidad | oss is
very narrow, its inpedance is not matched with respect to the Shorter
second w2tB AR EhPONHRa andepnd0 etemprded 508 @M tie ddyhedveyuewey si gnal
is little transmtted to it. For the lower first frequency band F1,

t her ef or efreghgnthebhndgeoff ar Sirant fregueteyemnd 506 operht 83 nteuch a
manner as connected. Simlarly, the high-frequency signal of the higher
second frEqOeﬁchbandnEZaisetoadsﬁteqwmh¢y)hﬁm®'Eﬁe(@ o¢tel Becodnd antenna
el ements S06, and is little transmtted to the First antenna el ements 506.
Anong radGeziavesadr ecéeeting atrthethélicommeni prnsedody t bels aginbepage of
the first frequency band F1 is caught by the first antenna el enents 506 of
t he ant enbadgod® .50, and hi gh-frecuency signals generated in the first
antenna el ements 506 are synthesized in sequence by the .

di vi di ng/ synt hasi shognci.ncigs .618an622, apadid18nbpanareo€eddS@hidugh t he
cabl e 608 and the connector 610 to the reception. system And anong

r adi o- wav gz ovadeidvwaghae clyd ingriical haeEnhB24DavEiRs 2a8i8TR&0E 6Ff the
second frequency band F2 is caught by the second antenna el enents 508 of
the ant ens®oddP %0 0famdvEilgastheqiehby PoREEs L5BABRAFEIPAAYt Bé S&cond
antenna el ements 508 are synthesised in sequence by th

di vi di ng/ Shet BEsiofich § re&Gu@nays bang, Fg26nana GPGC&n&egxgePQGht &RSugh t he
cable 608 and the connector 610 to the recegtion systen& Fi% 3 _shows a
return | oReidaMectee sl @ GueatTed BPtedétng SLRE Por BPLYRATDOR5HE ant enna

el ements 506 and SOB sides fromthe el ectro neti.c ,cqupling |lines 510
Side.  TRDOF AR A00P PTG ChelChindr RASG Y RGlcAPETeR PHET | oss at

Frequency RALABIE &% S Ho S ib s VR G & PALARIOAR A0 A
dielectric sheet being wound around the outer
circumferential surface of this cylindrical body 502.

On one surface of said cielectric sheet 504, as shown
in Fig. 2, four first antenna clements 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 éhorter than said first antenna element 506 zare
arranged in parallel and alternately with one another at

certain intervals in the short-side direction of the



frequency of 2.17 GHz and a /.~-mark 36 indicates a return |oss at a

frequency of 2.2 GHz. As clearly known fromFlg. 3, this antenna can cove.
transm ssion and reception in a frequency band of 1.985 to 2.015 GHz, and
can al so cover transm ssion and reception in a frequency band of 1.985 to

2.015 GHz. - Fig. 4 shows a return | osg,characteristic obtgiqe j ng
t he F!rst and ;econd ant enna elenpnts 2%6 and 508 si des frZﬁgtﬁéﬂzéaﬁzttor
610 side. gie1kkdr1d. sBeBtMBOY 484 ReeCabesrachbuts tRessatsa frequency of

1.9B5 GHz and a p-mark 92 indicates a return |l oss at a frequency of 2.015

GHz. And anpeRBBke44mendisC30ES aadr &¢her Bekond ahtanheeguemeytsf 58817 GHz and
a!~mrk 46 indicates a return less at a frequency of 2.2 Gz Fig. 5is a

graph showregazriagedt ianapatiher.n characteristic of a high-frequency signal
radi ated froma helical, antenna according this enbodinent, in which the

absci ssa showsTae aeghenhf bdmsthe Hariszoahaknpbastefiehegabléniangbeptand the
ordi nate shows the intensity of - radio-waves. In Fig. 5, curve 100 shows a

radi at i on3pat o€r pavBakAGLEr okt theoffihe ffiregueheogbendy FhaaddFthand curve
102 shows a radiation pattern characteristic of the second 2 3 AP R 2002

frequency leagdnFa3f 33ids selcoar ankrone felemehitg. 568 tleabehitcdl/4aptenna of
this enbodi nent can cover the first frequency band F1 and the second
f r equency weard endthAegortieng elcnichify exquzadtiymbrindag2descri bed above, it is

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 elements
508.

The length of said coupling line 510 is about 14 8§ of
wavelength of the first frequency band Fl or the second
frequency band F2.

The spacing between the coupling line 510 and the
first antenna element 506 or the second antenna element—soa
is about 1 $ of wavelength of the first frequency band F1l
cr the second frequency band F2.

The reason why the lengths of the first and second
antenna elements 506 and 508 and the length of the coupling
line 310 are set as said values is that a good impedance
matching characteristics in the first and second frequency
bandé F1 and F2 and a wide radiation pattern characteristic
(a wide directivity) xn the vertex direction of the helical

antenna can be obtained.



possible to cover the first frequency band F1 and the second frequency band
'F2 and use the power feeding circuit 60 commonly to the first and second
»‘antenna el ements 506 and 508 adjusted to the respective frequency bands by
el ectromagnetically coupling one-side ends adjacent to etch other of the
sets of the first and second antenna qgenents 506 and 508 by neans of the

coupling lines 51?. Thus, dt he hﬁl i cal Bf enna can do with erBng:ngzqq?e
i it 60, ' it t .
feeder circul tHortit A SR A TGREY S0F si 38, ARG B AoraRg o t he
ol oment s SHEMSHE BIE AR (HEE ctnariag s S10 d¥ PR aAT ¥ he cane
time by etching.a co pqi foil on the sg{fagg.of t he dielecg%%ﬁ1sheet 504,
such a hePFRAI T4 etfhat RonpURe PERETFE Y R & SHPRFE y
fact _Figs. ,6A to 6E t fi howi t.h
onbot menr &S 1RELTItet Tt BHE S HRANS o 1ot AR R ¥4 ceder
i it 6 i d. . { j ta.t t
Cvent | ontnt g ebiia FERAE SEGe RPN AR R, X st S T or
coupling ?%%%%f55§§555'inngéﬁéngnt 53 and a second 20 2 3 AP R 2002

antenna e to a'f rrcircuit 60 into a U shape having a spacing

smal | er than tf@n%?gagi fgh\p@é \[,fega%%ggcﬂ&ﬁtt aégbjlilssﬁé%&a#%cemathelaenent s 506

and 50s. One bra ot couplin

506 wi th S gaptBertaEh Pheht BRI NG R R eC At et el Ty
bet neon  BAACE PE® DRk EMRC P EFRRRER S Y i P e o 230 o
eoder o Fobi £86 FEER P cRaput R e & SRR T A B Wl g
bet ween thgelLeslonnd seogpg, aslenna £l AENS 50D A 808 Qe by anch of

t his Ushapéd coup 0°rS el ectronagneti‘calTy coupled to one end
portion oft Sk a B £ Ne@ 9ahk efe t and the
ot her brangﬁeﬁsaélé%fﬁgzggﬁé??%g?5§&cggb$£%ét%?%ne é%%g%%r€fon of the

second an e ] 08 wWiiha p t L 9. oS
structureh&ﬁ?gﬁ %g?§g£5§éoﬂgkf§8°f?§elg§%¥$%$dJ%ﬁ%}%ﬁggaé$§i§t aﬁﬁ%ﬁna

el enent 596:3adea s6£R041aBLENAACEH CURILY, 508 {91 ded cRdey phgcuit 60 into an

L shape. One end of this coupling line 510 1s"joined directly to one end of

the secondoantennaoe! enBntiisRB608Adot henotbELe e80k And s Conpbisga! i ne S10

t
is electromagnetically coupled to one end portion of the first antenna

6|e”Ent_5Q@tﬁﬁEheaggéﬁtggtE@?Euieeﬂbagﬁg-6@5’§ﬁ@“§0§,5£ﬁgciure whi ch forns
a coupling line 510 for coupling a first antenna el enent 506 and a second

111 2%02ncAB-R62002nhanhensapebongas SR8the Redgedgn &rremét 60 so as
to be electrically directly connected with one-side ends of the first and

second anteardatl eaBles6566288di5080 bkOcoffesb@iswatgt anicture which is the
sane as the structure of Fig. 6D except fox having a |long coupling |ine at

the centecrafiltiBereoepl kagnkimnes2dA. anbereoeptioy sy eeemin these
enbodi nents can be forned on the sane surface as the surface of the

di el ectric sheatddnivhatly} hetahseppevetedaeni shas eshppoetinghpretere, these
enbodi nents have an advant age providing a easy frequency adj ustnent by
cutting aéddt made of theedkemedtaloy theulaveng material which plate

supports the antenna body 50 and has four connecting pins

612 for connecting the coupling lines 510 of the antenna

body 60 with the printed circuit boards 604 and 606.

_These connecting pins 612 penetrate through the
supporting plate 614 to project upwerd and downward, and

. the projecting ends of the connecting pins 612 are

respectively connected by solderirg to the coupling lines



Figs. 7TAto 7E are explanatory figures showi ng further other enbodi nents of
,the structure of a coupling line 510 for coupling first and second antenna
+elements to a feeder circuit 60 according to the present invention. Fig. 7A
shows a structure which forns a couplipg line 510 for couplj first
antenna el enent 506 and a second anteﬁga el emrent 508 to a fzgge&F%iéimnﬁ 60
on the surface opposite to the surface of a dielectric sheet on which the
first andssecohdtlentamenred dneiy 650 GMhS 0B edex fiarmidialso &% e be
opposite to the :first and second antenna el enents 506 and 508, as shown by
a dashed primtednck t et ©hyo xodm| &34 tared c@lfpl i ng 1ine 510

el ectromagnetically with the first and second antenna el ements 506 and 508.
Fig. 7B shows B sExgictdi etlvihi fdedert reiaguit st H ot3RP R Qe ends of a
first antenna el ement 506 and a second antenna el enent 508, forns a
coupl i ng #ived5dg/$spnthespzimg ¢chectit sélanvhit &l eidss H0BeHM the second
ant enna | zz Z 3 APR 2002 elenment 508 to a feeder circuit 60 into a U
shape havinggaespucpogerqufl the fhestpireggeney weand thik f0fst. 3% tecond
antenna el enents 506 and 508 and on the surface opposite to the surface of
a diel ect 2i 81§h@¥z) oandhtbt seeondrEreguencrcorrd afd ehdd 21 bhek? s2 506 and
508 are formed, so as to be opposite to the first and second antenna

el ement s 6B8) ahdtSOByoasighofinetyencyashenal s neeingiddt fge EeHt coyipt®S the
coupling Iine 510 electromagnetically with the first and second antenna

el enents 8e6raed 50aph&rg. f7oMseal atberuet ufEnNWheEhzedr RECANEGDI ing | ne
510-for coupling a first_antenna el ement 506 and a second antenna el enent
508 to a f&eduenclhreipnabse batogactfspapathayi kB0 adepaeehgiBghaRsSeo the
spaci ng between the first and second antenna el enents 506 and 508, as shown
by a dashédomi machanghen £nsosar haeb-6ppasrneyt 81gRalsupface of a
dielectric sheet on which the first and second antenna el enents 506 and 508
are fornedivs6ing/synkaesppospt 61r6uthebiPr vhigRdC5B2EAE ARBeARENE! enent s
506 and 508, and thereby couples the coupling line 510 el ectromagnetically
with the firegreasy séephd shteanadebendilisson RAEESEBEAFPY. thBSshows a
structure which forns one end portion 508A of the second antenna el enent
508 into SAVEI4RGHEYARACHARED Gt RéTEMd Sefd bpdPLtPoRWE0BATBIr§$63H8NGHe end of

the 111t SafBee8cdnd AnesAgcereRonts S8678Ra) SO 1S S2FE838PTcPYCAD: . as
i ol oot | CeGREse 4R WEPSR EROTY FRGT SrdoTodnd At SHAR SPerbits 506 ant
end porti GREGFEHETAY S0 G SARATEECREN, 0o AR TREEeEREp el B Send.
Phe. i1t ik CORSTd arfien g Cel BHARCS 505 i 08 S 2RrE. D7e Pndhg Che sane
i ne. 51, 037 PSS AACT & e ChHedn i A mars Bk 2arg 506 DoAY 2% shove
chher STOIP o R el NI H L S SAmalge 2
I's. the SQﬁHﬁﬁﬁU&’éﬂHnM%fé% %f%ié@% the other high-frequency signal

obtained by division performed by the dividing/synthesizing

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

degrees and -270 degrees) being different by 80 degrees in

phase from each other to fecd them to the antenna body 50

or synthesizes two high-frcguency 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 high-

frequency signal.



Fig. 9 shows further other enbodinent of the helical antenna. Fig. 9 is the
sane 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 el enments 50S. S06 are formed on the inner surface of

the cylindrical bony 502. Fig. 10 is explanatory figure shgwn
enbodi nent of the structure of first amtenna el ements 506 2}’31 gE@%WUZ

anienna o orenk s PO% GEERLLLAG o Uhe DS SNENL gl S 1ot ant enna
fi h . i Fj . TA TE.
oL Same 1 EdPakeP g0l e, pocelon 8 H1 8 - drePen 49 Sy end 1 Lo

However , fst antenna e e secon hna el ements 508

hown”i ' Fi o, I0e B FREt-ahaRed SRl P le LA e R angi o o
APR 2000 BRS TE08E FRECEokRrATaNT RAS, o el < B0t hav CTHLI i no angl e
Che 11150 PaNEokan (BFCRERTS-B08. Bnilt he” Sottndt ant Soree of Somrt o 608 do not
Chi s ant oRaChatly het FOr eSS B AP aaha aT Srort e 2r Sant Thes 51 ca1 body,

|s changeahlg hy -changhpg bhec Bl andi9260dNenaf ot eq;s whenyarbgapyt Lhi

bet ween thée transm ssi on Fpequency gand and tﬁe reception ?requency band is

occurred i I : t gof e,a[t amgl t

o beam 18 ooy RY A e R P AL S oD e 50t 30 by Srana Ret RS o 1 and
B2, . Figs. L1A I; i khen diagr a (o)1 enmbodi nent s of
: Feeder arcaiemstshons s Brars SpR Ene g R eRE P vnt hesi 21 ng
circuit 8 [N f.eedenscircuit 60 is conposed of a first 3-dB hybrid
circuit SSEESg%EéQggﬁﬁggtgézfo a feeder termnal 801, a second 3-dB hybrid
circuit 804 Whgﬁhthi cenpectad hooR0e eubeHEyt 8Eghaakl af sthisubybrtd
circuit o002 an d|V|3es a high-fréquency signhal 'nto two high-frequency
signal s (ofydd MRG 88y - MREegN 20k -3y BHNRSI 185 ahBEMuREOLd one
highfrequeége signgﬁfﬁﬁﬁig%ig?%?P% §p§8 hybr?d circuitb808 which is

connect ed JAyQUah A dl/FoamelRIgHt Iyne o808 ekelsnpadanee eZ@rbp bhe ot her
output termnal of the first 3-dH hybrid circuit B02 and divides a

hi gh-frequaihed HRlad M Jovp hiclfreler, eduenel gFearal s160f delBRedeghges and
-270 degrees) or synthesizes theminto a high-frequency signal. In Fig.

11B, a di \Wrindegraidesi zing circuit 92 .., 2 3 AP R 2002 fornmeng a
feeder circuit 60 is conposed o: a 1/4-wavelength |ine 822 of inpedance ZO
whi ch is connectrd WigH frdrraryy tsdigiianal di82Qianded indes faulri giref requency
signal into two high-frequency signals of O degree and -90 degrees in phase
or synt hesfeestiimngi nthe af duigle faecemeregnesiignalourd i davelseridtoh teg | i ne
821 of inpedance ZO which is connected to the feeder term nal 820 and

di vi des a thgledreqmenc)emssgral Sdhtand Videhi gh- frequency signals of 0 degree
and -180 decrees in phase or synthesizes theminto a high-fregLency signal,
and a 1/ 4- wavelmgdpory |dhee R2M -of rd quesdgh e gh@ lwhiodh.thai iidess a

hi gh-frequency signal given fromthe |l 2wavel ength line A24 into two

hi gh-frequEnequaignadbsndf i 1803 dew eescal £t aranyr dend rE 2 hegser adre

synt hesi zes theminto a high-frequency signal. Al so in case of

i ncor por at imgd sEiférendivdnihegd sfmehesach mtldrcuit 80 or 82 into a helical
antenna 90, the sane action and effect as the case showmn .n Fig. 2 can be
obt ai ned. Next ,Thdt hiseferenge the Fiigh-Rquehds sigral ebalieemwerf the
present invention in case of formng a feeder circuit 60 on a supporting
plate of afhestchreanerpyabarddbbc¥s betrnimitied. taxthmdamgen forster
circuit 60 forned bz conbining a plurality of, mcrostrip lines 630 of
fracti ons 8RtpRANE| ehgnents 206r cq@ntydbabris td beghchirqeeney npugnal t he
surface_of a supporting plate 614 of a helical antenna. As shown in Fig. 1,
the microstRiptpi REANEBOSHIORhRIPERYRr circuit 60 are connected to a

lurality of . .
P y In a 4-wire type helical antenna of this kind, since a

frequency characterxstic of return loss is very narrow, its

~mpedance 1s not matched with respect to the shorter second



~4 26t 0O At R 2002 connecting pins 612 being provided on and projecting
fromthe places of the supporting plate 61,4, said places being opposite to
t he'‘respective coupling | anes 510 of the antenna body 50. And a connect or
632 for feeding power to the feeder circuit 60 is fixed on the m ddl e of

the reverse surface of the supporting ate 619, and a con t) ] 34
whi ch penetrates through the supporting plate 6:.9 fron1th2q§dﬁﬂg%§@ng32
to projec romthe surfac f e pporiing. Pl 614 1 s, connected to the
microstri %J“{E?%aes%ge%?n{‘ﬁeg?geﬁ;e\& E"ﬁ?cﬁ%@t‘esgfe@‘hgﬁ iH%@?%’pﬁ i nes havi ng

a paste=n , Lo _Fi re.formed by adopting a nethod of formng in
advance algggp ft%gPFmgﬁtéﬁeggu}%ace of the supporting plate 614 and

of “the fecder EPFernt b0 ERn: ARt abbenarnnl Roh®, £ COREERIY BadTS i
he supporlenseREPE 513 5y “nEsREs P EnHRIIs08 pol=rgf, 28 S0 et L having
oar ds 601 AR F608, SR ST e cabl o 606 shown in Fig. 1 can be omtied. the
components of PRE-RAF TCAI BRL S S5k eRS T Latead: onh Ther 36g"the hel i cal

antenna cap-Reqseaskbly e%gtebi%: tbggﬂgnt%ﬁgpiee LOWBr ohRyCRRk. shBrEBE

above-nentloneg enbdglne S, a ugh a i cal antenna“covering two

frequency shay Engit%ngiarn%%ie LRAYCBRY, and $sA i@t%@ogggﬁgﬂi.’%‘teé”@oa second

frequency ban € radiro ¢onmuni cafion"systemusing a satellite,

t he preseQ%eiQK?@EiQﬂt%%nQOE’EH%¥E§dSb% this, but can be applied also to a
helical antenna covering thrée or nore frequency bands to be used in a
simlar way to,sahd case .Q | yiong.the i gyentio ngy bands
al t hough t he nﬁ%%gg §?EEPn S%bg gﬁ?gﬁkéﬂglgéeﬁ?E ES?%SEQPF?EEgﬁg ?g'length
fromone apal Rek;icS JaRer %%S%%ecg{irﬁ%pqri@'qggﬁ% ?aame pir egueRcynkands to be

used. As descri bed above, according to a ant enna of enbodi nents of

the presenind ekl QR drind ©1RABHY &0l60 TR AnRlewndl blowyokof r @geency
bands and commonly use a feeder circuit for antenna el enent's correspondi ng

to the resnogtisadiepienandiandydie ol IR0 ke Fieshegtictnget s of

antenna el erfents corresponding td the respective wavel engt hs

el ect r omagnQinerdld B oM tdrd NS/ rft@RAS & NGlide Rien®aBY @hecoupling lines. By
this, the helical antenna can do with one feeder circuit and can do al so

Wi th one ey SO HINBGIPIc1 radid ddhegiaf,orge ccamd e thel f:eedefedci reuit
portion nmade smaller in size. And according to a helical antenna of

enbodi mentgh@fudheny eslte ig0EMidkEhd tedrhaaas Wi1o t@ easd |y reduce the
nunber of conponents of the helical antenna and nake the helical antenna

smal | er i ncedezecisond Jymwemin cost. And according to a helical antenna
manuf act uri ng
And among radio-waves receiving at the helical antenna
40, the radio-wave of the second frecuency band F2 is
caught by the second antenna elements 508 of the antenna
body 50, and high-frequency powers generated in the second
antenna elements 508 are synthesized in sequence by the
dividing/synthesizing circuits 618, 620 and 616 and are fed
through the cable 608 and the connector 610 to the
reception system.
Fig. 3 shows a return loss characteristic obtained by

seeing the first and second antenna elements 506 and 508

sides from the electromagnetic coupling lines 510 sice.



met hod of enbodi nents of the present invention, it is possible to easily
manuf acture such a helical antenna as described above. 1a2823APR

, '2002 WHAT IS CLAIMED TS: 1. A helical antenna covering a plurality of
di fferent frequency bands, conprising; a single cylindrical body nade of a
dielectric material having a specifiediglianeter and a specif e APRI

correspondi ng to _wavel engt hs of one frequenc%?band of saLd frequency bands,

a plurality offfaftdnna elPekenPar &y AngRE GR 1P At B JUTR t+O2° pRurdl ity of
conductive wires adjusted in |ength to wavel engths of said respective
frequencyferbeaqwcéi Aafusbe%éf i pﬁ%t%ﬁ‘ ﬁ@'l“%rknJgh'bngh??E% 6fr§g¥‘ﬂn
cylindrical body, dapluraljt f. cQupling lines coupled

el ect r oIt i"c%lﬁ afl’iﬁqqﬁpw (P%r%eqar;‘a ements foned on said cylindrical
body. 2. The heljcal,antenna,as defined in claim wherein said ant enna
el ements are ﬁVELFHéE'WFFE g4cbﬁaﬁﬁaF%§dérr%F?E%iféiﬁnﬂ cted with said
antenna el enents thrﬁﬁghgfgﬁp coupling lines, 3. Jhe el ical antenna as
def i ned i SFHIHYL, O fntfer # AN et tPrPasRedf FRCMOARESafobRE FRe outer
circunferential su%race of sailgl1 %cyjyi drical body, and said plurality of
antenna et®efts Lkt SHHP Hhiqt Z2coupling lines are fornmed on sand

dielectric sheet. .4. The helical_ antenna astﬁgfineq inclaimil wherein the

length of sai d*cARAATTY |FHRAE | QotE Lec o dithg St SRR gth SV esai d

fr equencytpggsdmisSS'ierearPcflfecgel'p@incgnenlnna aasfrdeecfuréen%y' rllzaacrw.lcf’“or? ]1 9Vg%erteo' n T

2.015 GHz, and can also cover transmission and reception in
a freguency band ¢f 1.585 to 2.015 GHz.

F1g. 4 shows 2 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 A-mark 40 indicates a return loss at a
frequency of 1.965 GHz and a A-mark 42 indicates a return
loss at a frequency of 2.015 GHz.

And a A-mark 44 indicates a return lcss at a
frequency of 2.17 GHz and a A-mark 46 indicates a return
lcss at a freguency of 2.2 GHz.

F1g. 5 1s a graph showing a radiation pattern
characteristic of a2 high-~frequency signal radiated from a
helical antenna according this embodiment, in which the
abscissa shows an angle from 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



2 3 APR 2002 29 said coupling lines are formed on the same surface as the
surface of the dielectric sheet on which said antenna el enents are forned.
'*6. The helical antenna as defined in claim1, wherein said coupling |ines
are formed on the opposite surface to the surface of the dielectric sheet
on which said antenna el enents are forned. '7. The helical antenna as

defined in claim2, wherein said cylindrical body including qd
el enents i s supported b¥ga supporting plate, and said feeder§€3r€QﬁR€2HH2

sai d couplFieR§enciedandeFéonnect ed wit hygeach ot her through connecting pins
provi ded on said supporting plate. The helic antinna as defined in

8. I
claim7, wher 8SnC8RELYUBPOFDI AGOP ARE -i 'ngﬁogéél&P afDERA"Rn Ofhe
| ongi tudi nal direction of said cylindrical bady. 9. The heligal antenna as
defined ithi8 &MPCdimgRdr 2R £oyentd® &trsi g%&é‘@@qys%@i@pgge&nén t he
surface opposite to the surface of said supporting plate facing said .

cylindri &l 56§pPrénd reangncye a0 ifcuit is nounted on said printed circuit
board. 10. The helical antenna as defined in cIainL%élmgggein s%%d

connect i ng pi AECHERENGaion§Difr GIPPSAED ts G5p FESIGTd PFhEP N rovitded
across between the cylindrical body and the printe ircujt_board. 11. The
hel i cal &S CasdEIeed the §iF gf,r%“é%’n l%aé'icg Tériam M rcuit board

is supported by a base. 12. The helical antenna as defined in claim

. 11,
wher ei n & 8G% FEAYSREY RPN drfal2io W8 e RRie ki NG LHRihed .,
30 Z 3 APR 2002 on said hase,. 13. The helical antenna ,as defi in claim
12, wher éith GRRPTEahI ité‘epr%\/‘i%edawetsr?%?“égrﬁﬂ}&:m? e11§53.mel*'he"'es‘ Fiqjﬁ cal
antenna as defined in claim?2, wherein said:%ggder circuié conposed of a

pluralityd®f WA SRS i RIS TR IREH SIJI:]?S/Y des a

o f e ponth T TG TR (FOBOIARE (T TR Tar Rt dherra o
s et nedtR e CHi h e Satbi h of L T IR rty S ratrenty el Fhes, S e
Co n Tractibnt Sl L i oroh Hieef Rt batBued 167 The hel i cal
e Composed byl Eohbi Thag el i AT TS SHb LT E | PRELTRaEE o "an e
The. hel | cAr=ant Bk PRt rRASHR CParhED, offerEPHEcerd 8F nar i cal body
Focder CLPRONECTEr{ of bt Bnels: AeEoRboPrF o o hp2ciaRieah; B¢, BeeD Fhcui

and said gﬁgghing Liggs are connected with each other through said
connecting pins~provided in the supporting plate. 18. The helical antenna

as defined in ghal QddrayHerebnAgl dnstaRAEALNGzPLALepLEsBREVI ded Wth a
connector for feeding signal to said teeder circuit,
invention, since the first and second antenna elements 506
and 508 and the coupling iines 510 can be 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 manufactured.

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

Fig. 6A shows a structure which forms a coupling linc

510 for coupling a f.rst antenna element 506 and a second



4 31 Z 3 APR 2002 19. The helical antenna as defined in claim17) where=n
said.feeder circuit is conposed by conbining a plurality of wavel ength

|l ines each of which corresponds to a fraction of wavel ength of a frequency
band to be used. 20. A nethod for manufacturing a helical antenna covering

a plurality of different frequency bands, conprising; a step p a
cylindrical body nade of a dielectric terial having a speci ggdﬂ%;@?@%

and a speghtégda | enghdn €0gg@spondi fgedo: el angtdes i6ft One U ragyency band
of said frequency bands, - a step of providing a dielectric sheet |arge

enough tongeyVeE &hepoedes Shdrled efiedd idle SIPdAGR YetSRich el Fdrs¢al bogy,

a step of Fornming on said dielectric sheet a plurality of antenna el enents

by provi ding gepbhd adnten®d ¢latients3URICANY G0N I headirsgictd di thargth to
wavel engt hs of the respective frequency bands gad formng a plurality of

coupling yigRgpéQrcELPTiRn@NBONEtSTRI 1y €Xint ddih g dtfi cedey vl el enent s
respectively, and a step of winding said dielectric sheet which said

pl uralitytefonst endapek e®Nt 6f afifle SAL fs Pl A dridy «iferceaitp 30 Wiitres are
formed on around the outer circunferential surface of said cylindrical

body. 21-g§Eeb€EhQ@ﬂ tpem el aghelr e @ hredn@li@ntenna as defined in
cl aim 20, erein said plurality of antenna elenents and said plurality of

coupling kipesrameghetiEdlop thepredfaseomd &l poltwel@ctdt cigheet in a
state where said dielectric sheet is flatly unroll ed. ~a 2 3 APR 2002

second antenna element 508 with a gep between them.

Fig. 6B shows 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. One branch of thu.s U~
shaped coupling line 510 is electromagnetically coupled to
one end portion of the first antenna element 506 with a gap
between them, and the other branch is electromagnetically
coupled to one end pertion 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 508 to a feeder circuit 60 into an L shape.
One end of this coupling line 510 1s joined directly to
one end of the second antenna element 508, and the other
end of this coupling line 510 is electromagnetically
coup;ed to one end portion of the first antenrna element 506
with a gap between them.

Fig. 6D shows & structure which forms a coupling line

510 for coupling a first antenna element 506 and a second



32 22. The method for manufacturing a helical antenna as defined in claim
/20, wherein said dielectric sheet is formed in the shape of a parallel ogram
, In astate where it is flatly unrolled so that said dielectric sheet can be
wound around said cylindrical body at said specified pitch angle. 23. The
met hod for manufacturing a helical antenna as defined in cl kgvﬁg Zga ein
said plurality of antenna elenents aye2linearly fornmed in ég eR t he
| ong sides o said parallelogran1and Wi th a spacing between each other. 29.

The met hodN FeRraemtABeRbr 0§ BOnhR| feafeant efral Bisb@es? nddl ¥ 28 ai m 20,

wherein said dielectric, sheef has a cogger,foil on the surfacg f it and
sai d pl ur&FREYT BE2 BhY eRhBCEF eHeRPRNRECS AV HED| QRBTF198 ofPEH 'ékFlines aye

formed by etching said copper foil._ 25. The t ho manuf acturi ng a
hel i cal aﬁ%éﬁha@gg REPH dg?ﬁeepéiﬁ%%@?nﬁﬁe§ggna%giégélurality of antenna

el ements and said plurality of coupling lines are_forned by printing on the
surface of saiElﬁieﬁEc?bPBgsHeéF?ugﬁFFgAVhLCh 2E°chd" JERe "YsPEAL

a.AlH A .ASR AS. A . A AR A A.n . AR A? An. AR A y.A f.A.AI.A' .

. A A3H. AFSREURRURE AL AFRT: ASP. A¥CRBRgHOR having a long coupling line

M "a}~#'|} ?DFGKSW89 A :
ATca] ca) ChFcAFEaPEATER] PALFERaFCURE CPY) LAFELp LA chmc oo el caleale

! : 2APbC| | id.
6o ca] oa] ca] AP EAF CAPLLTUAr LF eLeaf AP LT ChPELTERE ShEShicB EpERgH° o2l °
*\W 17 @ o
yxsni d_z] PRafB&] 8aPRaFLEFESRcAPCAPEaPLAFRGF cAf cERafEaFREFELF 28T ca] ca] ca

]Ca]Ca]Ca%%aLﬁ?LﬁaLﬁg]ggkggkgaLigﬁangssaie formed. Therefore, these

embodiments have an advantage providing a easy frequency
acjustment by cutting a pattern of the elements or the line.

Figs. 7A to 7E are explaznatory figures showing further
other embodiments of the structure of a coupling line 510
for coupling first and second antenna elements to a feeder
circuit 60 according to the present invention.

Fig. 7A shows 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 on the surface
opposxte to the surface of a dielectric sheet on which the
first and second antenna elements 506 and 508 are formed,
$O 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 clectromagnetically
with the first and second antenna elements 506 and 508.

Fig. 7B shows a structure which joins with each other
one-side ends 0f a first antenna element 506 and a second
. antenna element 508, forms a coupling line 510 for coupling

the first antenre element 50€¢ and the second antenna
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U d%orme SO as to be opposite to the one end portion of the
first antenna 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 antcnna elements 506 and 508.

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

F1g. 9 shows further other embodiment of the helical
antenna. Fig. 9 1s 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 antennz elements 508, 506 are formed on the inner
surface of the cylindrical boay 502.

Fig. 10 is explanatory figure showing other
embodiment of the structure of first antenna elements 306
and second antenna elements 308 according to the present
invention. The first antenna elements 506 and the second
antenna elements 508 are arranged in parallel at same fixed
pitch angle as shown in Pigs. 1, 2, 6A to 6E and 7A to 7E.
However, the first antenna elements 506 and the second
antenna elements 508 in Fig. 10 are not arranged in
parallel alL a different pitch angle. As shown in Fig. 10,
Fhe first antenna elements 506 have an incline angle of §1

degree from a horizontal line (the edge of the dielectric
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@r S4/ 10s-109& ()-:109%& ()- 109%& ()-9109%& ()-!LY310% & ()-m !l 10%& ()-
'+ 10('BkdE4/ 10s- 109810%& () - #GLOY%& ()-! 109%&' () - mLO%& ()- 3
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10 10 103: 109%& (2- 810%& ()- 610%& ()-5MLO%& ()-310%& () - $! aBYNC 10s-

10%&' () - Soes® J04) 10PReE& IHCINDRIRL L F@Uanerst § )3208) Jvanx’ 1) -319 MaBYNC

10s- Y210%& ()- YO10%& ()-VY/:10%& ()- L-nml0%& ()-! 10%<& ()-

10%& () -3@he absfd 209F8&ee) Lxoro&hephorgzontal line. The #1 and 4

1 10%<& ()-18: 10%<& ()-1610%<& ()- 410%& () - $CAEMC

10s- L$1094 &2 X9 - R ¥A00E% §9 -Brat 0vhR: f3rsavaenyg -elements 506 and

the second antenna elements 508 do not cross respectively.
A pitch angle of the helical antenna, formed by winding
this antenna beody with these antenna elements around the
cylindrical body, is changeable by changing the 41 and 62.
Therefore, when a beam tilt between the transmission
frequency band and the reception frequency band is occurred
in case of a2 parallel arrangement of the antenna.elements,
the beam ti.t of the helical antenna is compensatec by
changing the #1 and 62,.

Figs. 11A and 11B are compositional diagrams showing
embodiments of a feeder circuit 60 shown in Fig. 2.

In Fig. 1lA, a dividing/synthesizing circuit 8C
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 B804 which is connected to one
output terminal of this hybrid circuit 802 and divides a
high-freguency signal into twe 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
1s connected through a l/4-wavelength line 806 of impedance
20 to the other output terminal of the first 3-dB hybrid
circuit 802 and divides a high-fregquency signal into two
higanrequency signals (of -1B0 degrees and -270 degrees)
or synthesizes them into a high-frequency signal.

In Fig. 11B, a dividing/synthesizing circuit §2
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wavelength Ag line £24 of impedanceé 20 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 l/4-wavelength Ag line 826 of impedance Z0
whiéh 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
embod.ment of the present invention in case of forming &
feeder circuit 60 on a supporting plate of a helical
antenna is described.

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

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

feeder circuit 60 are ccnnected tc a plurality of

-
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And a connector 632 for feeding power to the feeder
circuit 60 is fixed on the middle of the reverse surface of
the supporting plete 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 connectecd to the microstrip line 630 of the
feeder circuit 60.

The maicrostrip lines havaing a pattern shown in Fig.

12 are formed by adopting a method cf 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 2s another method it is possible also to form the
microstrip lines 630 of & pattern shown in Fig. 10 on the
surface of the supporting plate 614 by means of printing.

In a2 helicel antenna having such a ccmposition as
described above, the base 602, the printed circuit bozazds
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 eaéily 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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to be used in a similar way to said case of applying the
‘invention to two frequency bands 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 above, according to a helical antenna of
embodiments of the present invention, it is possible to cover
a plurality 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 also with one cable and one connector,
and therefore can have the feeder circuit portion made
smaller in size.

And according to a helical antenna of embodiments 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 size and lower in cost.

And according to a helical antenna manufacturing

method of embodiments of the present invention, it is

possgsible to easily manufacture such a helical antenna as

described above.
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()-1099& ()- 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
freguency bands,

a plurality of antenna elements arranged alternately
with a plurality of conductive wires adjusted in length to
wavelengths of saxd respective frequency bands az 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 zre provided with a common feedex
Circuit connected with said antenna elements through said
coupling lines.

3. The helical antenne 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 1, wherein the
lengﬁh of said coupling lines is set according to
wavelength cf sald frequency band.

5. The nhelicel antenna as defined in cla:im 1, wherein
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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 cizcult

and said coupling lines are connected with each other

through connecting pins provided on said supporting plate.

8. The helical antenna as déflned 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 1s disposed on the surface opposite

to the surface 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

seld connecting pins penetrating through said supporting

plate are provided across between the cylindrical body and

the printed carcuit board.

11. _The helical antenna as defined in claim 9, wherein

sald printed circuit board :s supported by a base.

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

cable for feeding signal Lo said feedex circuit 1S provided
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wires forming said antenna elements or synthesizes the

high-freguency signals.

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

said dividing/synthesizing circuit is composed by combining

a8 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, whereain

said div1ding/synthesizing circuit is composed by combining

& plurality of microstrip lines each of which Corresponds

to a fraction of wavelength of a frequency band to be used.

17. The helical antenra as defined in claim 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 seid 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 cennector for

feeding signal to said feeder circuit,



109& () - sYLO0%& ()- 109 () - S@L0% () - hMi$aB7C
103<109& () - 3: MLOY& () - 38MLOY%& ()-!{510% " & ()-4& ! 109& ()- @ ! 109%& () - @&
' (SpPMIN @ 109& () - @O ()- 109& ()- 109%& ()-f109%& ()- 23&10%&' ()-s 10
' 10MJENN @ 10%10%&' ()- 310%&' ()- 109%&' ()- 10%&' ()- 109%& (

g10% () - OdENN @ 10%Y . : 109&' () - ,,1004% “F"10% ()- ' 10%@8)ARR02@()2) 3
109 ()-1maVK@ 10 10 10 10; 109%& ()-9f “109& ()- 7! 10%& ()-!510%& ()-Y

310%&'()1@5VK 1Qe §QCQQ%@nQEﬁ§39h$O%@‘ he8&1A%816inl 17, wherein
10%& () - “#100&() - FI, T0% () - aBVK@® 10 39! 100 () - S39! 109/ () - SEL0% () - |

F : 1098 ()sa il feb@Ue (hvil't 1% omborelobyakbmbiading pBhesll tieadsng
23]c" "Headi ng 33]c" "Headi ng 43]c" "Fbadlng 53] ¢c" "Headi ng 63]c" "Heading

73] c” " Headivieq e®3k®’ Lieadienen93rc WA chelatire sBanagr aphaFdoa8tion of
) . 38=Cl &O?UZq" e~ kqm#G@@' $SU#W+ u. 36; | @BHQNTY] scgnr Sxxi } ~a

"% 4] , . [ 130618 gtH— 2 HOAD&elddlegi@yRWEN ds cdeblei neetly| {! <, MEhSMBTi nes New
RomanArl al Courier New'h Root EntryWrdDocunent (

" #SUR () 20 .- . ROFRIARAT FQr, manufacturing 2 helical antenna covering
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ] * _" abcdef ghi j kl mopqr st uvwxyz{| } ~
a plurality of different frequency bands, comprising;

a step of providing 2 cylindricel body made of a
dielectric material having a specified diameter and 2
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 surface of said cylindrical
boay,

a step of forming on sald dielectric sheet a plurality
of antenna elements by providing a plurality of plural
conductive wirxes adjusted in length to wavelengths of the
respective frequency bands end forming a plurality of
coupling lines for electromagnetically coupling with saia
antenna elements respectively, and

a step of winding said dielectric sheet whach said
plurality of antenna elements and said plurality of
coupling lines are Zformed on around the outer
circumlferential surface of said cylindricel body.

21. The method for manufacturing & helical antenna as
defined in c¢laim 20, wherein said plurality of antenna
eleménts and said plurality of coupling lines are formed on
the surface of said dielcctric sheet in a state where said

cdielectric 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 cylaindrical body at said specified pitch
angle.

231 The methoa 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

ther.

24. The method for manufacturing a helical antenrna eas
defined in claim 20, wherein said dielectric sheet has &
copper foil on the surface of 1t and said plurality of
antenna elements and said plurality of coupling lines are
formed by etching sald copper foil.
25. The method for manufacturing a helical antenna as
defined in claim 20, wherein said plurality of antennsz
elements and said plurality of coupling lines are formed by

printing on the surface of said dielectric sheet.



