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DUAL BAND HE ANTENNA BACKGROUND Ok | ON
_ (SP@ %Aﬂ_t he | nvention The present i nventi ,’\%}ﬁ%ﬁy\%@g@ to
ant ennas More specifically, the present invention relates to a novel
and i nproved dual -band hel i cal ant enna havi ng coupl ed radi at or
segments. 10 |1. DOELA LpBAINNDY HERECOZEL ABDNT ENNA Cont enpor ary

per sonal conmuni cati on devi ces are enjoying wi despread use in numerous

ggg: : gaangngertﬁgl geﬁﬁr@@wmﬂﬁﬁﬂﬂﬁwlﬁm m)(?iolrrreruni cation

devi ce, such as a nobile tel ephone for exanple, has led to a 15 noderate

| evel off, dowygeld 86 the lHavENEbn as the portable, hand-held appl i cations
i ncrease in ularit t he demand for smaller and snalle devi ces has
i ncreased dr iRrgsen} inyendian ® pRe ARLENTASy EE%CﬁPemﬁcaub’echhél ogy,

battery r@@éﬁtohﬂgema@ﬂ celatesi ata meteehﬂollﬁgxoba&e dual-beieH&skdlhe size
and wei \%&tt %\3 E;‘)ortab & deg %feto be {educ drastically 20 over the
past se g coupled Tadia % whi ch reductions in size are
desired is the device's ant enna. The si ze and wei ght of the antenna

pl aggan n,rrpormagﬁnlit%leofmhe Relatédw zi ng t he conmuni cati on devi ce. The

overall size 0f the ant enna can t he si,ze. of the devjce's body.
Smal I er di amer®pt M%rt}e‘?mp@ﬂbt ﬁoﬁgﬁa‘ntaétﬂtas deyicss | cﬁﬁesn%NQé’lmgver al |

devi ce swzhs remdieisk &5 sumldrous batybils zasl portable appliﬁaﬁanﬁf tWatHevi ce
Is not dlﬁ'&t)él l;o(i)lr Eg%thcg 81q§ tRe PSRN Jg fcbd?rﬁft %]% the 58 Icgnoﬁggder ed

antennas or porta Ioffs.” ~ ANO fac

in desi gnmrgua-m;ademeasuelm@ata owhiledtelephone liatgexmﬂpée,thas led toresul ting
fromst henpaerd8i evedf of hﬁ?uﬁﬁfzxﬁ aﬁt !;9% Ve Antgpng, flgg 13 ahRigel

operations.. Yet another factor aracter] st | cs
conmuni GRRLSALIONAKINCERASS HY PIRH aé‘%nﬁl“e degpand e@rra@aél@r o@@a&%ihﬁs and

operat i Iﬁkvfiée%q@ﬁBChﬁﬁfeased dramaticAllyantReteat t Hevelopidentsi das Fﬁr@@é’ss\é?age in
stems s the he.|I€1 anteﬁ-\’rﬂ e e reason

tellit
fsgr et he tﬁ‘ék(f?‘%gnu C?%ﬂﬁ’fg s‘te%l'g“ﬁég%ul i t SPTPRURCaRPRf e 6 BKesyst ens
isits aalmabl&cytlnea sizeoatut eveiglit of the rpor¢ahle devicaitabeyrqubhicedi debtically at i on

errplzgyeq) sggg‘t,&g?gaars Addi tionally, because the helical antenna is
capaleo pro ucin 1ation pattern that is nearly hem spherical,

t he heli cal éﬁpgrﬁ;gal in gahighe redictiong| in size are desired is the device’s
antenna. The size and weight of the antenna play an important role in

downsizing the communication device. The overall size of the antenna can
impact the size of the device's body. Smaller diameter and shorter length
25 antennas can allow smaller overall device sizes as well as smaller body sizes.
Size of the device is not the only factor that needs to be considered in
designing antennas for portable applications.  Another factor to be
considered in designing antennas is attenuation and/or blockage effects
resulting from the proximity of the user’s head to the antenna during
30 normal operations. Yet another factor is the characteristics of the
communication link, such as, for example, desired radiation patterns and
operating frequencies.
An antenna that finds widespread usage in satellite communication
systems is the helical antenna. One reason for the helical antenna’s
35 popularity in satellite communication systems is its ability to produce and
receive circularly-polarized radiation employed in such systems.
Additionally, because the helical antenna is capable of producing a radiation
pattern that is nearly hemispherical, the helical antenna is particularly well
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2 suited to applications in nobile satellite conmmnication systens and
in sWOS8[44%82 navi gati onal systemns. Convent i ISV SO
antennas are made by twisting the radjators of the antenna into a

helical structure. A comon helical antenna is the 5 quadrifilar helical

ant ennagyybed: hto Udg Iblh@a&ibrfsobtﬁ mabilat sdtelltpaceshredtlation systeanoui@d ancore and

excited in Rhase géx z%ﬁ , the radiators are excited by signals

that di PHEIENaFgaRo arter of a period or 90[err]). The |ength

of the radi aConvensionapileeliday amtenmiseges made byl tevisting thearadiatozav! engt h
tis f e c e radi ation
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t he 5 enguiadrifilar dielicak ardenna owhich utitisgerfour ragiatarsospaced equally-

quarter '%&%}‘é{d ﬁ ng}@)a da%felaem haseggﬁgﬁf"'ﬁﬁ:gf(l L, h?h& %&ators are excited

COnventl IC& ant ennas usi ng

t echnol bgys1gn~1$ thaftdiffer ie phase &yyone quartgy |0étaopsno¢1 qrh@%ﬂémber@th et ched
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shape Caps e stri i at or orma hel i s
con\eent Pgntk‘1 %@PF%KHP&H? uslﬁﬁ(i%"ve?f a gpggterﬁggve ?%8‘)' and the

char act didragtee dffthe doe. r adi at or | engt hs are an integer nmultiple of one
guarter th of sQna e I .ng in an
overal | an\('%hn aén?'teﬁg%]h agl? oncgag‘r %?hgl}laécfrey g #)ué s‘?)llrjre Brtabl e
or mobi tea:hnolog)apW1tbasm$eleogy, the ratdatiors @fathlsyantenna ampetoaﬂadl ons
whegg  bf ﬂ%ﬁﬂb*ted %?l‘i'o al @GR! fiskible suB‘s‘?fH%yng‘Hét fa‘&?&to?é’ G 6&1%&1%&%{&@% d

frequencl es; dual - band ant’ennas ver
ant ennadhal, begratep ﬁPfé‘BleéCBrﬂ’ ernbpkat an 0{’t‘%9r‘\‘—aﬁn£gs?°r§b? gides (or

gonf l gueagés)rwf tHe® Isubsariard. e, TM%u\b@MatdW 1$Mthéfi forhéd, loangolled, irgbt @nna can
e made _|

K. ' hel | 30
A e R L e N T R
sol uti ofprrhanbeldx., is that such an antenna is |onger than would ot herw se

be g@S'red f%@oraogwe%g@{ hangr@.ﬁ'd ﬁféﬂdcathmver, also has Angleher

techni que for provi ban per ornanée as been t uttlize two
separ at éhafagépristicahat she sadiator lepgehenre anintegen Jnélteplan@ﬁ gne 3331arter¥e t wo

ant ennavaléxdgtha\tg te b&sh@aa&@s@ﬂaﬂtckmeaepx'reswﬂgo iAn&n overadtiot her.
Two sin ban tlﬁr%g E H aced_thn cl,ose I’fOXI mt %ﬁl ortablg or
oS horntent lepgity that s ToRESY thin St B g & Heng

t o degr applicpofimr mance as wel |l as unwanted interference.

25 Additionally, in applications where transmit and receive
communications occur at different frequencies, dual-band antennas are
desirable. However, dual-band antennas are often available only in less
than desirable configurations. For example, one way in which a dual band
antenna can be made is to stack two single-band quadrifilar helix antennas

30 end-to-end, so that they form a single cylinder. A disadvantage of this
solution, however, is that such an antenna is longer than would otherwise
be desired for portable, or hand-held applications.

Another technique for providing dual-band performance has been to
utilize two separate single band antennas. However, for hand-held units,

35 the two antennas would have to be located in close proximity to one
another. Two single band antennas, placed in close proximity on a portable,
or hand-held unit would cause coupling between the two antennas, leading
to degraded performance as well as unwanted interference.
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_ SUMVARY OF THE | NVENTI ON aspect
the i nvé‘fﬂ?%‘ﬁ‘sﬁ% ovi des a dual band helical antenna, cg%ﬁssb?%%:ega first
antenna section conprising: a first Beed network disposed 5 on a first
side of a substrate on a first feed portion of the first antenna, a first
ground pl ane di sposedSEAVEVIEARM @OE THBHINSWVENTUIRN at e and opposite said
feed network, a first set of one or nore radi ators di sposed on said

substrate g 3RE RpeeNdiniédtidbsapfodided Al Kand Kelial athieri@ndi ng
fromsaid first . feed

portion of” sai ,d,fl_rstf, an%ﬁgana; angsa, second
ant enn£oBYHESIBE’ 8 JiRSt ARISTYI2 SqFHOR IBBREINE &) Lingh RSNt saisPesed ai d
SU_bgt r @%@? ﬁﬁa?tasiae@f ra_dstdb%adfce;@?tai fgfst ffed portiﬁﬁc@fﬂﬂ\egfiﬁstrtd\t@hgﬂ,e atcfh%pos ed on
sai d substrate oppgsite sai eed perwork, . nd a second set of one or
nor e r&?‘é’c‘arglaﬁ‘ies ggaecgHns%l§acoﬂiﬂgﬁ‘e&éé@ﬂdsubs%ra%)&rgﬁgp*?&sftgOsm aid feed
Relt wor :Eéd’"network, a firet astodfhene mpa?i-e tradidtoyedisposed o saidssubsttsé band
elica t enn 1 conphiSi . .a first antenna.,seeiion. CONDLi,S4NQ: a
(st radierenting T o fRedtedhorky hal B @R B SR Bk HiA . 11
feed pde¢d portibniciesaid fisst amesnaaand 4 secand antenrosactign aoenpiiisipgsed on a
S?ﬁ@”d S%e‘lS 8ffe§&'rﬂet§z‘69ﬁtd'i§5 e?"tgn 9@8%&% 8otk a s coJ&?&d‘ﬁB{%ﬂﬁ’ adnd a
firgt &8P oRe dr hore radiators di sposed on say% ~substrat’e and
ext endisagoiid grounfdpireeddispesest RN seid subagatmPpRAsite seid faedmetwarpri sing a
second gheed QRbUAT etdbSBRS &t ﬁ{br'éaiﬂéiiﬁ%tdi@?@sé&‘ oR §8608Gbstrate 4880

portion a second ground plane di Is(posed on sard substrate opposite said
feed nexignding emysudsteed petyigkor nore radi ators di sposed on said

substrate In ardtheexbpoeti the invefitioniprovedes AciwdlBandahelicalaasteria,
prqyidin a.gig\tb f [t current to flow f_rog}ﬁ_s g%firaogﬁtt ra.of sai d
sedgnd SRRRTIRR S PG ARG SO PRSI E T SHY SR ﬁé’PéB@

i ncr easm 4 lfirsesidemf a subsitatel onra fitsd feled oirtionsof the fipsr petedneuladirsto t he

0 g p BT LA U f S nd A e v

t wo ) Igitated Teeders and ors are_provi ded
on a feed cagtiinrks and raafisstnietc BE ioner ernEwrentadiatarsr disposest ftesaid t hat

A . B Bl e e 2 B et end
S, .Ef S S I | X S
bui2dot ORPEEIEE SEORdc EeefloRetwor £fi O T SRR BRveseEPRdui 1

Thg I nfead iportishsoseromd geasurad plate dispasedpon sg'rd;sabéttmidp;msite said y
substr C t r ! ucti ve
roa saced SR HoRa deE6¥ oo R iR Bl off shld SlbiBly
conductand: extesaling fromosaiddfesd netwaskhandameans uor grevidingha pathforat e and
Compri Shifgert QJ Ao Hom said rR8itORIYCEAMEse¢bRE MteRAL! aangmh@%asfolfe

substrate, an erein th .substra{e 'S forr;rled into %urve,d sur face
andShel said se¢ anéRTHRa tq)ﬁiq;?bwrease e energy radiated in the directions
perpendicular to the axis.
The invention further provides a dual band antenna wherein two

distinct sets of interdigitated feeders and radiators are provided on a

common substrate which is formed into a curved surface so that the feeders

30 and radiators follow respective substantially helical paths, the feeders of one

set being connected to a finger that extends out of the curved surface for
connection to a transceiver circuit. _

The invention also provides an antenna comprising a flexible

substrate, a conductive track formed on the substrate, a first conductive area

35 formed on one major surface of the substrate, and a second conductive area

formed on a second major surface of the substrate and comprising a plurality

of conductive vias extending through the substrate, and wherein the

substrate is formed into a curved surface and held in that formation by way
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4 of solder applied through the vias in the second conductive area to
the firsWO98/4458onducti ve area. The present i nEGRPIAY/05E69
enbodied in a novel and inproved dual; band helical antenna having two

sets of one or nore helically wound 5" radiators. The radiators are wound,

or W appedoldedapplied! thirbegRhE ids if the second doduchdel &fb‘a toCAMY fddt  Of
ot her ag&‘%‘grl at é shape to optim ze or otherw se obtai n desired

radi at i ¢H¥§ AE2-According to the invention, one set of radi at or s
is pr gw dfd The preeat inverttior fsi %m]?oﬁﬁ@ﬂﬂﬂrw\)}\ﬁho&ﬁﬁ drite i6650 ﬂddsahgl-fo

provi de r ation at.a second fr iC i s different
10 f roﬁ?’f‘ﬁehéi%ait W@ﬂaehéy &P @? éﬁi Sk d"F‘QP%;égl W%EPﬁged f eed
net vior kradiatorso Tireonsiddator$ ereswgnald; drowdape, tsnehrthdt ahe ramteﬂfml ds inhe
dual - ba d escribe S n ed_ of,

singl e- ?fn%%mc?alg(a:% Sthe %I’ Rk dant§ S&giﬁt nﬁ&%&? ng gt?SH”hﬁeor

porti onohtainadésemdl paﬂlanon patterns. Accofidingr tov tlie invehtibandomgpeseatofon i n an

hosot ar et 8 MoDRIGE &6 opbiatiyh 2 %@%‘ﬁq&m%@b@{ A
st ackedprevidgdsfori eperationdat - smanduf,rnqwmy thigh gpreferably do gbiffatent al i gned
Wi t 0 Onero?h ehé Bikrst frequency EadH"sé%Qﬁ rﬁﬂmgféﬂgmﬁ%cﬁtéﬁkﬁg %{&Wm&s are

positioned su they have the sa orle tagion i's, their
feed pof? Péﬂgl‘:&'r é"eoﬂgé‘ﬁlsetp Ve &WaF IBFRESe e Hﬁ]aba%rﬁi‘tﬁﬁpénna and
their rash deordepatbédrs bémg compﬂseelntcffdtW@V\ﬁhglet-Bﬁm@t ARfen@®RY; each

Co | f d of
the ant SRl Pahinetiha MaZints a FarialbR st anda 56 Potopno T ror —
5| ngl e- band diot provide duadbdndospérationfint dreiritegrated iandérend padkags, ethiea,

| at9h SRR bt paalgior% BR00 450288 228 heABERO e A Fulccail PO L} o of

25 he second sin an enna. Cach
radi at oPand %nten@ aéﬁét%@@doforop@snémmdr end-to-ench divggho that sl;h%}orﬁmel sed of

t wo radt@é,ganyeg@gasvm@@néaﬁba{@-r segnent extends in a helical
fashion froma first of tl’{g dlatdo ortion of the ag nnatoward
the ot her end®d™% ﬁgﬁf 8ritroied an da?eaﬂ’ioé’ctkﬂneﬁb sug

ext ends they hakel theabarhesbdientaftiosm dTlestnts; aheiar feadoporttinsdusd -dii’é"tﬁed

, f.th d
e m%%%i%ﬁ%% U1 B80d dndefifin | 804 38T, BRUBIET Bl e00nC
| n t hi sosieptrd tasverd e pthesgnsht Consequently, the M‘&IISaM thes dpal-baad
from buan@rﬁfat R R éﬁ&'ok)fhé%@ér%@a E&tmeﬂ?&J ey ﬁ%ﬁ%&;g A bt he set.

35 Thele of. t.he ments | e set is_chgsen.s eset
E?s Sms%é?%tcgﬁ’ﬁwar ésfgﬁ‘gtpt%n&f‘ of the i g?%lﬂ%& efl?aétﬂjéﬁé%l‘mBec ause
t he seg a&ad&toﬂ p@rﬁeh of the sécondhsisiglabhid senearnd, eahd enfdedt portion of

el eﬁgrowggéoﬁéf%g@e_gggded\}to one anot her, ‘the Iength at which the

radiat or T eso Sﬂn?requency can be made shorter than that
of a convent lnmale embodiineatt eactaradidiat of at least one set of one or more

radiators is comprised of two radiator segments. One radiator segment
extends in a helical fashion from a first end of the radiator portion of the
antenna toward the other end of the radiator portion. A second radiator
30 segment extends in a helical fashion from a central area of the dual-band
antenna (i.e., from the other end of the radiator portion of the second single-
band antenna) toward the first end of the radiator portion.
In this embodiment, each segment in the set is physically separate
from but electromagnetically coupled to the adjacent segment(s) in the set.
35 The length of the segments in the set is chosen such that the set (i.e., the
radiator(s)) resonates at a particular frequency. Because the segments in a set
are physically separate from but electromagnetically coupled to one another,
the length at which the radiator resonates for a given frequency can be made
shorter than that of a conventional helical antenna radiator.
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5 result of this structure, electromagnetig~ppe g(yssigromthe
first . wogs/ﬁ§89ﬁt of a radiator in the first set is coupled i

second segnent of that radiator.5The effective electrical |length of

t hese conbi ned segnents causes the radiator in the first set of one or

nore radi at ofs &geselophthisastricBirg; elertromaganty energy from thenfizslvant age
of thi SS%HEhﬁQ';f@'xlatdmt%%QHBme ﬁéﬁ&@&@e& Rd b e s%cor}cf%@ g a5t 'Oy

tuned t gl ven rﬁguen ustin trinmmng

r adi at othatetps ﬂt"i@eelreﬁﬁ'll%@t eOfnélf\eS& §@W@1@e@o$ﬂ81596tﬁs

| engt h, céwesltnétxeae!atef @n NEEfithd sef of ofe! 0P dreOrRiatiRs GoSALITRALS at tahe
lengt h 10 L_ﬁt he segnments is easily nodified after the antenna has been

made’ t o81Ven ISABAREY-y tune the frequency of the antenna. Additionally, the
overal | Arxﬁdd&hnfugepaf tleisncad Ieaenﬁﬂhemgmmt essiesdiniény isithhgnged by

the tunin au the se ntscn wi t hout .changi ng the
| ocat i oﬁalgpeteﬁéﬂy%m @S%ﬁeg}ygn UeRcy b cfﬁséﬂgﬂﬁgf“%m}&gl H%eni 19
conponeof thetadihtorsegmérdnd Borthaserahe raduﬁt)f.s ciire rastedl single ft@rﬁigbﬁusat e such

that th th - band
an'?ennaF u&gt%ég?gaﬁs% ’%‘Sﬁg ereﬁfjagg{ é#}ﬁ'r}?hoé' %ngostg%léﬁtgsﬁés %t o?g of
t hel@ecofhdhei srgmemtsnis an?ellayhnaodlfm;i aftezsthiet apfteniid shas beemrlm@mrm i on,
there i pr Jiodrly arkeafle | AbqABnAfMts! AN AnBARKC! Uaaltri]

shorting flunction which a e secon antenna to reg}énate AN even
i nt eger F3IREPH| PAUEI RHethfantenng, i8] efsgntially unehangashdnt the ctining .

In yet paahlerthedegehestcan be tiiftfled civididht UsRthgifg RhEVbESLHER S the Phased
signals to thﬁger adiators is nodified to conserve space. Specifically,
porti onSEF*He feed network are di sposed on the radiator portion of the 25

ant & na, theilrnotheerembodisentrée edm\t}im\eheedapret daal-bAfidaaniesual . the

|1 f d h
Peed i safeffeRed 6 Y S8 uBE AACH Lo ploie BTG SRS 2olibrt na '
tab i s pfthe ficst sipglecand antemlssu@euhas tacshdnengl risg ayongldetheneddaott enna.

The tabﬂ?é(tz%ﬂ‘i’fﬁoi‘icﬁf' the sfeesﬂd3&ngﬂ)@rtsarfa1 Rbtehhe f'A§t St~ dRRgjAnt enna.
When the aptenna is_forned m%o a er or ot her ap époprlate shape,

the tabCPROGHFRFRIY thers 18 ROt thesnged tfﬁé an ag RAlNHTURBIE ¥ppEeYideal Iy, in

a peef ethiedherfhcgd |fﬁnaﬁiontxhh1dhaanemeﬂﬁ8second mhabl 16 rébtmiate ]Ea@ e?re?lw deda
ee I ne do

ot | nt BYPBPL NIRRT Shia pSeerlitent of thé deopmn Eaddigt o bane

t he

ant enna. In yet angshendabodigeent, theefeady aetwork issedhaod pltcsrlde rict i onal
h t st
char act ghisld Sfmals to $RY 28iA0!'N BbdifielPH ThASerYeIBice 5BRAHIIP, ONe

appl i caPPsfhans Qicthe E@dsaﬁ’@}’qnil‘t @re dispessnoni tha |féﬁ@t@¥)rPCE‘>’€m¥pI0é tftehe
di rgsti aifdnrid)athRestsf iceVbffigOless R@eR YrCBRA feed portion. As a result, the

overall size of the antenna can be reduced, and the amount of loss in the
feed is reduced.

In still another embodiment of the antenna, a tab is provided to feed
the signal to the first single-band antenna. The tab extends from the feed

30 portion of the first single-band antenna. When the antenna is formed into a
cylinder or other appropriate shape, the tab is aligned with the axis of the
antenna. More specifically, in a preferred embodiment, the tab extends
radially inward to provide a centrally located feed structure. Thus, the tab
and the feed line do not interfere with the signal patterns of the second

35 single-band antenna.

An advantage of the invention is that its directional characteristics
can be adjusted to maximize signal strength in one direction along the axis
of the antenna. Thus for certain applications, such as satellite
communications for example, the directional characteristics of the antenna"
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6 can be ogtl m zed to nmaxi mze signal strength in the flﬁng ﬁ%@% ({9ect|on
away e gr ound. Anot her advant age of t P on is
that current flowing fromthe radgators of the second antenna into the

tab of the first antenna tends to 5 wden the radiation pattern of the
first anaebecoptiiized éodsariminekigralstrengthaiinh ¢haaipward slirdctibhe akvay certain

satelli%r t4 on applications where | owearth orbiting
satel |i aﬁrieE %sggl I'n the comruni cati on. BRI EF

DESCRI PTI ON @&nothier pEaantigs adthe invention iFHbat eurtenéSlowbjg fram thed
advant agg@ae&st&eﬁe SREM 'aﬁh‘fﬁﬁ%& %tht#\E tab of BEP k nb aﬁ%‘%ﬂi’f%ﬁg& {gomthe

detail e escri ption set i nvention

when5t amdennﬂ@oredmémopa#m of Hhe I'S’foﬁribmnﬁgs Thisvtends It kmakef@reence
char act ghferrle r&hbié’ m&mp%&d lcBthih 1s'§tem1t9é Oé@mmmcaﬁ%?ﬂ tﬂgﬁﬁ&réﬁbné he

| ef t - nost, di |t S ref erengce nunb dentifies t aw ng in
whi ch t Meheef e%ﬁéeﬁfer?bémg&agﬁfl?s are used n ‘FIC@F\IEM@"‘&“@ agr am
illustrating a conventional wire quadrifilar hel i cal antenna.

FI G lBlsadla I drifilar 20
hel i ant enna. gﬁﬂﬁﬁlﬂﬁsﬁ@%@ﬁ;wimm I ng a planar

rep sent ation of an circuited, or open termnated, quadrifilar
hel i cal antedd&. features, ObJeCtFI wd advantagesi afjthen present iavemEon widhar

rFlepGr ege'&teaéme&neieaa | éh’{ frotm th@lcﬂ@tlalile&Gd 4 tigﬂt ke f(fk@ﬂm"tfébxa)aﬂf %@ﬂaf 25
IS .a amJl]ustrati curyen fjibutiaon on a radia of a
short - cieF&ﬂ‘ﬂ@beqﬁuﬁrl Fl é?vﬁle{lgﬁalw ?Reﬁ%ﬁen ' conjunctippg With sthe i agram

i || ustr drawings finr whidtaclikef referetahechmubleirs aidaerfﬁfya corresp@hrdmglye| i cal

ot chta- Sorughge o AgiRigRalty, Bnp RALABS, WEEFLE"Y RrbERte pibalis; 017

di agr armqld:ntn,fsesdta dgﬁmﬂspénch\tbewmme first exppreats. substrate of a
strip helicalggnignia.a d1agram 111us§11a§nr%7 Al rﬁregl'tﬁg{a?mvhlr%u b5 akid

open-circuit coupled mult segne ator havi ng e coup ed
segment del %IOPB teTa-0 one 35 embodi nent of the i nventi on. FI G

7B is a di agm 1Bl igstar Aiagigne Paistradings ordortientioniadd se@pphaddrifilar
mul % seapent radiators according to one enmbodi ment of the invention.
FIG. 2A is a diagram illustrating a planar representation of an open-
circuited, or open terminated, quadrifilar helical antenna.
FIG. 2B is a diagram illustrating a planar representation of a short-
circuited quadrifilar helical antenna.
25 FIG. 3 is a diagram illustrating current distribution on a radiator of a
short-circuited quadrifilar helical antenna.
FIG. 4 is a diagram illustrating a far surface of an etched substrate of a
strip helical antenna.
FIG. 5 is a diagram illustrating a near surface of an etched substrate of
30 a strip helical antenna.
FIG.6 is a diagram illustrating a perspective view of an etched
substrate of a strip helical antenna.
FIG.7A is a diagram illustrating an open-circuit coupled multi-
segment radiator having five coupled segments according to one
35 embodiment of the invention.
FIG.7B is a diagram illustrating a pair of short-circuited coupled
multi-segment radiators according to one embodiment of the invention.
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7 F 8Ais a diagramillustrating a planar re ﬁ‘?l? lL.on of a
short- WO gé/firs&i ted coupled nmulti-segnent quadrifilar heryi’ ca ébé’?{%ée‘sgna
according to one enbodi nent of the invention. FIG8B is a

diagramillustrating a coupled nulti-segnent quadrifilar 5 helical
antenna for & 8t 2 diagyaim ilusizating ap@lanaorepregentatiomef a short-

embodi ciidfed! BSuj Ié\ﬂe?ﬁﬁﬁflsegment . guadriﬁ'le@ hefichB aﬁt&i\ﬁagré‘{?&g%tt%at i ng

overlap |err] ,and pa&!hfn s.of radiator segnents accordin ne
enbodi n€He M IERF it mvention. FIG 9B is a diagramillustrating

T T SegmEnt et ol S Iistidting 3 coipled SRR Cprlnt WuddHiAlac

i1l ustr i?qq’%@itﬁat%%t ?%%?ge_énr%diagt Priiicalal shape  acgpring nip-i ANGhase by
Qg[ err] .embodiment ofl*_thé%ilnlif@B;ciloﬁ.a di aglr:ftg Il Bxst rlgtl ng fiel Ic:II peattggnfs for
the point so . Jlustrated in : . is a
di agram i || uﬁlﬁg?fh&ﬁiﬁ\‘éﬁ% e iQYﬁrﬂ"’iPelsdalb%tsPéFﬁg s of Tadgtoy
convent isegaieritslaccatdingt tenome @nbedintentasf fiod fiveraioron fiel d patterns

for a helical hayvi a . . Lgned with the axis.of the
antenna. FI@%“E_I@_FGE}’% 'S Jésgﬁgéﬁgm%%ﬁfggrﬁﬁrﬁﬂ% t%‘égé BANFeRR in
whi 8 eaediator segmpmés of ithe moupded equltitsegment thetical astesegent s on ei t her
side. 20 | d i bl i . .

I npl ement at i_of;\I(_;dfl Ggqs g‘a‘éé%ﬂﬁ‘?ﬁ‘ gga%?ﬁ‘gségéngﬂqﬁgggﬁg%?g%@g nsgljg?%lsone
enbodi mehiffegngiipgphase by #%ent i on. FIG 13 is a diagram

i |'lustrating FIGANAB i&&PaRRARATI@IEaPhg tfmds%&a&@smr the ?Bixﬁ sbafdeRd

dual - bang hel tq(gﬁl gﬂggeﬁlg according to one enbodi nent of the 25 1 nvention.

FI G 14 YusHatRll &hvi 19%strating pl anar representations of the surfaces

of d5stacked F(nNoGaisda ithgraah itinistratingaelretttirngolaeizatiore feld i paedrngl t he

i nventi i_n I ch: pQL.n far the radiatprs e posiktiqped at a

di st ancaCF rao?n%egﬂ?éexg% flll\gﬁ g\f)lr %‘t‘%ﬁla dnd dirchff Pyfarizetion, ?’53‘# FAterns

i |1 ust r £or agheliqal antennachavingna feed talwalignedbvithdlie axis of theé ertbroae ant enna

of the stack | scband; | C | e I ment
a14a! 1P aNdidphht ABHEEAA HE §§§?‘&ﬁ?fﬁq‘ﬁs in_wHieheTReg

of the inventian. FI trating exanpl e

di mensi GSETERH 1§ Placedequidista mhe FegBISEA Onagitlhersidgccor ding to one
enb@gdi nent of FIGhd2i isvsrdiiagfhm3ﬁlustraﬁndg ah GexahbdpleS ithpleatmationl Iafshrating

RS ¥ PRI —, N S T,
ext end iimventios.r adi ators of the antenna according to one enbodi nent of the
Invention.  FIG.13 is a diagram illustrating planar representations of the surfaces
of a stacked dual-band helical antenna according to one embodiment of the
25 invention.

FIG. 14 is a diagram illustrating planar representations of the surfaces
of a stacked dual-band helical antenna according to one embodiment of the
invention in which the feed points for the radiators are positioned at a
distance from the feed network. N o

30 FIG. 15 is a diagram illustrating a planar representation of a tab used
to feed one antenna of the stacked dual-band helical antenna according to
one embodiment of the invention.

FIG. 16 is a diagram illustrating example dimensions for a stacked
dual-band helical antenna according to one embodiment of the invention.

35 FIG.17 is a diagram illustrating an example of a conventional
quadrature phase feed network. |

FIG. 18 is a diagram illustrating a feed network having portions that

extend into the radiators of the antenna according to one embodiment of the
invention.



- WD 98/ 44589 - PCT/ US98/ 05869
FIG 19 is a diagramillustrating feed networks along with the signal

traces, WcI8F8%y t he feed paths, for antennas according t&FUHS di ment
of the invention. FIG 20 ¢s a diagramillustrating an outline

for the ground plane of 5 antennas according to one enbodi nent of the
invention. FIG. 19 is a dihfran? illustratitigafped et aikisr Alongawhiti khé htggabund

DS, Bl SRR e et OSBRSS,
di agr anpf lthesihwventiog. a structure for nmaintaining an 10 antenna in a

| i ndri cal i at ' dj t.
Flas, 206 2281980 8 2oRetin RhGerfalff A REHbF R P Bround SRR ™™ 1
a cy5i ndnteraiascaccording tppnemmbodimenpef dbe dnvemtjon.o t he enbodi ment
il lustrated if~Fh.: P | ' ' ' f
I lTustrated igcFbi;s a%ﬁagﬂa?ll'l r%usﬁaﬁhg#oﬁtﬁé%%@ﬁ&gﬂ%@ﬁ %%&%Erﬁghgﬂ a rorm

suitable for "use’in sup(g r ) I ri.cal_dr other
appr opr itzaces o apdualchandipntenng superimposedbaciording to one embodimers 23B
and 23C diR@he&es. i I lustrating the formation of an ——antenna in a

r
cyli ndriogafﬁeor ot her  appr.opri ate,  shape according to _the 20 ephodi nent
iilustrated GFREY i3A diagram illustratingepapir sty mpinpIng AN

PREfRRGRtenna in a cylindrical or other appré&pBale MEAPE adfording toOwR{evi ew and

Di scussi og oﬁ. t he I nvention The present invention is directed
toward & IRERY hel i cal ant enna capabl e of resonating at two

di fferent opdi&GSi 22B{22Eprentingeamisillhstrating the fomnadonasf aneastearieed end

to end, .wWit - N&1.Les t fl f.reque ot her
ant enna e%gxgﬂlaﬂggfaﬁ pa&gggo k’ ggaﬁgnsg% P eEécg%]orgiﬂ\g tén@‘%n%%%ﬁgéﬁgdi at or
port i onildustpatedeiq BIG.R2A.or nore helical | y-wound radi ators. Each

ant ggna al so f O PR .8 a
groggd pl ane.fli,eA\T;'S"t2 g{} ﬁ?dfﬁﬁglto fe dggoﬁg%é{a%?%fﬁy?ﬁss%p g(l)rng - band

ant enna ANTRBIENNR aRt angdindrigal { ok othey) appropHate shape 3qcpEding; tyyloneand 35
ant ennaenmybedirhbrt.antenna is forned into a cylinder or other appropriate

shape, the t ' I gned, Whth the axis of the.antgnng _Mre specifically,
T e He A A ke e At et teRRL R Tep R 1o 6 br ovi e
a centr antenna in | acetlowifieddost otheruapprapeatenrshepei acedrdihg t to sthes
accefp! ist¥shinSent illusfe$&d iR8dd B3detai | bel ow according to several
enbodi nent s.
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

25 1L Overview and Discussion of the Invention

The present invention is directed toward a dual-band helical antenna
capable of resonating at two different operating frequencies Two helical
antennas are stacked end to end, with one antenna resonating at a first

30 frequency and the other antenna resonating at a second frequency. Each
antenna has a radiator portion comprised of one or more helically-wound
radiators. Each antenna also has a feed portion comprised of a feed network
and a ground plane. A tab is provided to feed a signal to the first single-band
antenna. The tab extends from the feed portion of the first single-band

35 antenna. When the antenna is formed into a cylinder or other appropriate
shape, the tab is aligned with the axis of the antenna. More specifically, in a
preferred embodiment, the tab extends radially inward to provide a centrally
located feed structure. The manner in which this is accomplished is

described in detail below according to several embodiments.
40
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Exanpl e WRA4YMent 5 In a broad sense, the invenf?B’HS%dé%s%ge

i npl enented in any systemfor whigh helical antenna technol ogy can be
utilized. One exanple of such an environment is a comunication system
I n which users having fixed, nobi | e and/ or portabl e tel ephones

comuni cate with other parties through a satellite conmunication |[|ink.
In this exanple environnment, the 10 telephone is required to have an
antennaIEune@ﬂmmpkkﬁhvawwengvtsatelI|te comiuni cation |ink.

The present invention is described in terns of this exanple
envigonnent . IResbroaal serse), th¢ eentiox kanite implentadefidn anpeysieander onl y.

[ J d d hi
exanp o s SHikan antihns ABchRYPEY, & BE 4%&1’2%%‘6 Oht 8%k %‘t&'ééwbﬁ i
wi || beeawircappentnis & camperrsicatioRi |system nirt hehrcéll awens Lavingovixed,

i npl . ' I

P! TR phRYEPHRAID B SRR Ll ARARITEN Siner paridd gougn
enbodi mantsatadlite heothnvamicationi nlinkss ai I thisi gxample u@@fvmronmedéscthge t he
r ady gt el @Phbhgnﬁ fgqetﬁfﬁ@ £6 QRN GhORALer ! 'hgﬁéd to theaﬂte Hefigy satellite

Specific ctlion of the docunent descri bes ra I at 0 portions
of sorreC@mWélﬁ\tlﬁim 1éfﬂxl@cdrl filar helical antennas. FIGS. 1A and 25 1B are

diagrams ill ugd abiedenf rASnAIcH BT 8edenibbE0 iAf tar@gn\intthenabxampl
quadrifilar heli cal ant en

re form,and in,s form, respe |ver
The ! envizgranet pherraREGEOR eRS tPENSAS Boked TaeoRtenignre SR of
quadri filt 8 not infeeldiedalthanttheninvereion nbei limlitesl ftouapphdaﬁbnrﬁ\ 1fbds
opeg tin n S ua t t B,
r adi gtoﬁga’ﬂﬂ} aréve%ﬂﬁl(frﬁ %aﬁgroweﬁ‘}%ﬁc |té§ {)ogpgﬁ % nptl%n, l%
FI GS. 2AvdhdezBmer @p@zaaqniarkg &| pexsonatskildech| i aher ep}egsent aru drsvoto a
radi at or; ﬁg@fﬁ I{Qﬁaélt&q.ﬁ(i{‘}ef hélrosldal antennas. In other
wor ds, H@EHZQXR 2B 1 P;ustrate ra5| at grs as they would appear if the
ant enna | i nder vvere "unrolled" on a flat surface. FIG 2A is a diagram 35
i |1 ustr dk ng Gonventional Helisal Antennasenna which is open-circuited, or open
ter®Pnated, at the far end. For such a configuration, the resonant |ength
[err] of Before describing the embodiments of the invention in detail, it is

useful to describe the radiator portions of some conventional helical
antennas. Specifically, this section of the document describes radiator
portions of some conventional quadrifilar helical antennas. FIGS. 1A and
25 1B are diagrams illustrating a radiator portion 100 of a conventional
quadrifilar helical antenna in wire form and in strip form, respectively. The
radiator portion 100 illustrated in FIGS. 1A and 1B is that of a quadrifilar
helical antenna, meaning it has four radiators 104 operating in phase
quadrature. As illustrated in FIGS. 1A and 1B, radiators 104 are wound to
30 provide circular polarization.

FIGS. 2A and 2B are diagrams illustrating planar representations of a
radiator portion of conventional quadrifilar helical antennas. In other
words, FIGS. 2A and 2B illustrate the radiators as they would appear if the
antenna cylinder were "unrolled” on a flat surface. FIG.2A is a diagram

35 illustrating a quadrifilar helical antenna which is open-circuited, or open
terminated, at the far end. For such a configuration, the resonant length £ of
the radiators 208 is an odd integer multiple of a quarter-wavelength of the
desired resonant frequency.

FIG. 2B is a diagram illustrating a quadrifilar helical antenna which is

40 short-circuited, or electrically connected, at the far end. In this case the
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desired resonant frequency. FIG 2B.is a diagramillustrating a
quadri fi Y 9¥#58¢al antenna which is 40 short-circuited, BETEISB¥®8pTal |y -
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| engt h fesonantflength dtafriad24i8rd 2081is eirervent Bge, ermﬂﬁllt 1@ off aaqiHidert er

I f b , th
stateq Mesiensth oh S, CBlrrd SRSy BRANERS! plidtiuitat 3 it osey e ment | 5
usual | ystatetigdsomardoiprgidatle if approximalesl bedaase ama:ibea\d]?ﬂtmmngt jsons. 5
FIG 3 I t I at or
porti on{'é‘flg]“}aji rgl?fﬂlol Jfar géﬁdgglgﬁ?&%?{r&%égg\%n O%S ?tl%a%gn?a%‘éﬁ%{tors 208
havihg a | en&IG :feas 1e] diagrany jllustrating a plmart r@mmaengt bf af radiatatesi r ed

resonan ort1 n of 8 Yﬁl‘%{' Hé?ﬁa?rbtrﬂ h.ﬁ'.@’l aﬁggge{lﬁﬁ {d3§ 3y ative
magni t ufle of urre on é radj at 0 ¥ 3sBhat es at
a frequBAKNGR len r}* /2, Wi@ eﬂ@ vavelangth\ef He dgsised Fﬁ%omfgfnal in

—the medge f th t@fﬁml
hel i cal g}\lterecy o an @uﬁmb@%?}%eﬁﬁ;%%lrrg%&‘% 6&%@% techm gues (a

nt ed us
strip aﬁ?@ﬁﬂﬁ?ora? §1gna1 °n0%§ BE’dZQ%ﬁ}?ngSSQf&"% @twfrmumr ehfe=VoAFI Gs. 4

- 610 The;lfetréwpmqamdv&lbtitylrof the s1§1elll1ﬁadhe&ﬁbaﬂnﬁ B COWDH sed of strip
radi ators 10 D etchfd on 15 di el ectri HSUb ate 406. The

substrate is 5 ﬁ f FFBRIB l[oé"rsl alof nar fdady elical ,an
cyli ndrunplementad:aismg pmmred ejrpuit froatieteshajrpuesu ¢h shﬁnﬁt amt@dnay Od1re

1047104 it ush?@ﬂe' éiﬁ%&l%@&ﬂ%& CFo“i:ic?é £25 ,@g guﬁpqﬁ %@F‘ﬁ?

FIGS. 4 - trate e conponéents used
hel i cal heliealnanterow if|comprisech dfsstpipe sadiatarsy 104A6K04D fedchesdirdraoe a400 and

20 15 nedieléétﬁﬁ:%@fbs&@@e 266.5TRELBERa R a aﬁ?&&%l\éeﬂn&erﬂ'leg%gtlg 8#e400

i ncl udes a tor tion 404, an ortro

the eanHPrren@é“&F@%@i« GQBPC&L&I‘. Pher; PRPéWﬁé%ﬁhaP? iaichnthatnsadiaters
descri bt Asi048) are helieallyywbandi ahuthe cantbslt 4>as aflﬂlﬂé langed. i ndrical shape
vm'ththe nea égriabe e fornmed,cylinder. In

on the outer ,surf o)
al ter na Ve enboﬁ‘%etp%g & SOmRPmEnts eu‘?%c?%r HC‘P"ﬁtB qyadn hrndrl cal
shape helicalj antenng 10 EIGS. a?cen@eﬁ pyesemtt Aoviewt of asfar fsauréace§ 40thandy! i nder .

I n mne REHOHRAE 500 'o?'s‘ﬁ': Eél;?—%l g;g I Phé dnltbdha fiW%FLEdéfger of

pol yt et ra(LI our oet hal ene S conposlite, er dielectric

mat er i aFRARIPTRRIHOR, %tr‘?@‘ﬁlta %Q%B@mfe Q)G is on the order of 0.005 in., or
30 0.13 nmis# hh@ lemtddibugh debfebed Qh@kﬂﬁﬁ,%ﬁ%e&fﬁérélﬁ ehOaRfennasHie! tr aces

SN TR SRR D N

copper uife Hatt nganlsucﬁase being onethei oumrmuxéicecohﬁiejﬁjrmhed)@hﬁﬂdr otther

gggﬁ?;sgltexﬁ\aéwe embddln{éﬁs,e%ogﬁlgﬁpﬁte'lglfﬂ%reat ﬁqo'tﬂe':éycf‘mdsric '13‘1d network
the far surface being on the outer surface of the cylinder.

In one embodiment, dielectric substrate 100 is a thin, flexible layer of
polytetraflouroethalene (PTFE), a PTFE/glass composite, or other dielectric
material. In one embodiment, substrate 406 is on the order of 0.005 in., or

30  0.13 mm thick, although other thicknesses can be chosen. Signal traces and
ground traces are provided using copper. In alternative embodiments, other
conducting materials can be chosen in place of copper depending on cost,
environmental considerations and other factors.

In the embodiment illustrated in FIG.5, feed network 508 is etched

35 onto feed portion 408 to provide the quadrature phase signals (i.e., the 0°,

90°, 180° and 270° signals) that are provided to radiators 104A-104D. Feed
portion 408 of far surface 400 provides a ground plane 412 for feed circuit 508.

Signal traces for feed circuit 508 are etched onto near surface 500 of feed
portion 408.

In

H




35 onto feed portion 408 to provide the quadrature phase signals (i.e.,

the Of[err 90[err], 180 and 270[err] signals) that a
radi'atorgJQ?)s4ﬁ5ﬁ%4D. Feed portion 408 of far surface %gﬁ%?%bﬁ%ges a
ground plane 412 for feed circuit 5081 Signal traces for feed circuit

508 are etched onto near surface 500 of feed portion 408.
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substra |ca enna aving a sh
end 15 ﬂne34:1rcumference of the asyennat whex dubstrmr mefbnmld anteerma i s

descri bﬁﬂn\BBIllJ %Gegtls a B‘i"é@ﬁh I\Hustléatjh‘-:lg ?er%)}?at e Sidwebf A et {Heeif erred

to as t herei n” by ref efence.
The ant SapEraeia ﬁéw hﬁh@q%@nte@ia RAVERE 2 §h0rtmg ring 604 1aé second iend boar d
ant ghnagggvi ng the antenna radiators etched or 20 ot herwi se dep05| ted on

dielectri bst r at t I
esulting | nOIhEPTUERoeBAl | GIHSRAGE. beletl APaTaR ot described T YIS o ey

convent Patesit Noabld198,8Barto Hibinrelh let. aht (zefeardds tolias tho S8l | atdﬂtﬁ which is Pat ent

No. 5,2 f 5 t h
i ncor poﬁ‘r’ﬁ"g’ﬁgﬁ%%?fﬁéf%&* b refiehd! PhE Sicihl Beldbed BOARNBT AtV ED L0 e e
is 25 a prigtesdcircuitiboansl apsenamt bavings dhﬁedntgnnwadaﬁtpraretdaed o'
POs2( i OBftbrwise dePbsif@IAA Hieléddiceishade. ’T‘l"iéhé‘l%tfﬁ%@qé %Hﬁ@ﬁ iH8§ a

2%3"2?2&%&%8?@%@3%39 bl Foriiguraypnioh e FAROThol 1 x (o | morove (he
passband of 'rAh&)thar epnh¥entional quadnfﬂXﬁthe&il&aI heteroen e discdosed guarisi fil ar
(7ot orr BARFS 8. pRoSlong 8o fitagtlsr o treferfed @' &wne g pifeny Rhieky iy~
refer enmorph@tadt}mﬂm bysseferm@ i The hatergesdpsetrirad irsthe ‘005 patqoinik i fi | ar
?g:‘%‘:{;glnceqt g&ﬂmﬁe%a&%@ hftetine BEMedS WETWJ RAHIAPREBHL t Bositioned
ormogonaﬁy and excited in phase quadrature. The disclosed antenna also
has a second quadrifilar helix that is coaxial and electromagnetically coupled
with the first helix to improve the passband of the antenna.
Yet another conventional quadrifilar helical antenna is disclosed in
30 U.S. Patent No. 5,349,365, to Ow et al (referred to as the ‘365 patent) which is
incorporated herein by reference. The antenna described in the ‘365 patent is
a quadrifilar helical antenna designed in wireform as described above with

reference to FIG. 1A.

35 IV. Coupled Multi-Segment Helical Antenna

In order to reduce the length of radiator portion 100 of the antenna,
one form of helical antenna utilizes coupled multi-segment radiators that
allow for resonance at a given frequency at shorter lengths than would



35 1V. -Coupled Multi-Segrment Helical Antenna In order to
reduce the length of radiator portion 100 of the antenna, one form of
hel i cal VWO8H#MEouti|izes coupl ed nulti-segment radiators FTRAUSIBOSEE 3| | g\
for resonance at a given frequency aizshorter | engt hs t han woul d
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20 the wavelength of the desired resonant frequency. The length ¢ - of each of

the p intermediate segments 712 is an integer multiple of one-half the
wavelength of the desired resonant frequency. In the illustrated
embodiment, there are three intermediate segments 712 (i.e., p = 3).
FIG.7B illustrates radiators 706 of the helical antenna when
25 terminated in a short circuit 722. This short-circuited implementation is not
suitable for a single-filar antenna, but can be used for bifilar, quadrifilar or
other x-filar antennas. As with the open-circuited embodiment, radiators
706 are comprised of a set of radiator segments. This set is comprised of two
end segments 708, 710 and p intermediate segments 712, wherep =0, 1,2, 3.
30 .. (the case where p =3 is illustrated). Intermediate segments are optional
(i.e., p can equal zero). End segments 708, 710 are physically separate from
but electromagnetically coupled to one another. Intermediate segments 712 -
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More specifically, according to one embodiment, radiator portion 800
can be described in terms of having two sections 820, 824. Section 820 is
comprised of a plurality of radiator segments 708 extending from a first end
25 832 of the radiator portion 800 toward the second end 834 of radiator portion
800. Section 824 is comprised of a second plurality of radiator segments 710
extending from second end 834 of the radiator portion 800 toward first end
832. Toward the center area of radiator portion 800, a part of each segment
708 is in close proximity to an adjacent segment 710 such that energy from
30 one segment is coupled into the adjacent segment in the area of proximity.
This is referred to in this document as overlap.
In a preferred embodiment, each segment 708, 710 is of a length of
approximately £, = £, = XA/s. The overall length of a single radiator
comprising two segments 708, 710 is defined as ¢ jo The amount one

35 segment 708 overlaps another segment 710 is defined as & = L+ &=L,
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FIG. 8B illustrates the actual helical configuration of a coupled multi-

segment quadrifilar helical antenna according to one embodiment of the
invention. This illustrates how each radiator is comprised of two segments
708, 710 in one embodiment. Segment 708 extends in a helical fashion from

30 first end 832 of the radiator portion toward second end 834 of the radiator
portion. Segment 710 extends in a helical fashion from second end 834 of
the radiator portion toward first end 832 of the radiator portion. FIG. 8B
further illustrates that a portion of segments 708, 710 overlap such that they
are electromagnetically coupled to one another.

35 ~ FIG.9A is a diagram illustrating the separation s and overlap &
between .radiator segments 708, 710. Separation s is chosen such that a
sufficient amount of energy is coupled between the radiator segments 708,
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t he algorithm. AO Antenna Optimizer vers1on 6.35, copyright 1994, was written
by and is available from Brian Beezley, of San Diego, California.
Note that there are certain advantages obtained by using a coupled
configuration as described above with reference to FIGS. 8A and 8B. With
30 both the conventional antenna and the coupled radiator segment antenna,
current is concentrated at the ends of the radiators. Pursuant to array factor
theory, this can be used to an advantage with the coupled radiator segment
antenna in certain applications.
To explain, FIG. 10A is a diagram illustrating two point sources, A, B,
35  where source A is radiating a signal having a magnitude equal to that of the

signal of source B but lagging in phase by 90° (the P convention is
- assumed). Where sources A and B are separated by a distance of A/4, the

signals add in phase in the direction traveling from A to B and add out of



signal of source B-but |agging in phase by 90 (the e[err] convention is
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couphi ng wouls, L] fihor'2gRidNE 708! #b nfhisBGIR I FIGT 6 SRBAN Bl G n e Phase
708 is very near its associated segment 710, yet each pair of segments 708, 710
are relatively far from the adjacent pair of segments. In one alternative
embodiment, each segment 710 is placed equidistant from the segments 708
on either side. This embodiment is illustrated in FIG. 11.
30 Referring now to FIG. 11, each segment is substantially equidistant

from each pair of adjacent segments. For example, segment 708B is -
equidistant from segments 7104, 710B. That is, s; = 5,. Similarly, segment

710A is equidistant from segments 708A, 708B.
This embodiment is counterintuitive in that it appears as if unwanted
35 coupling would exist. In other words, a segment corresponding to one phase
would couple not only to the appropriate segment of the same phase, but
also to the adjacent segment of the shifted phase. For example, segment
708B, the 90° segment would couple to segment 710A (the 0° segment) and to
segment 710B (the 90° segment). Such coupling is not a problem because the



woul d couple not only to the appropriate segnent of the sane phase, but
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segments 710 is illustrated by the reference character 0 , and is determined by

the helix diameter.
Feed portion 1206 includes an appropriate feed network to provide
30 the quadrature phase signals to the radiator segments 708. Feed networks
are well known to those of ordinary skill in the art and are thus not
described in detail herein.
In the example illustrated in FIG. 12, segments 708 are fed at a feed
point that is positioned along each segment 708 a distance from the feed
35 network that is chosen to optimize impedance matching. In the
embodiment illustrated in FIG. 12, this distance is illustrated by the reference

characters afeed -



35 network that is chosen to optimize inpedance natching. In the

enbodinment illustrated in FIG 12, this distance is illustrated by the
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se nt . I, Gt r f | ments 708, 710 is
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i A cfoicpRenles ARERARARE sfidelmndngs, 710 070 SRS le bty B RHD, i
i s chosedjasemhsegment F@8.di st ance feed from the feed point to the feed

network is [ gl width %é'raaﬂﬁér e s o.1hoinéﬁé’% (P8I ) AN be
chosen to optim ze | npedance, nat chi ng. . te that the ‘exanple
embodi e eFabedimay. {BHhes widthe #rgRassibde- use in conjunction with a
0.032 inch t Thekexpehpkal Bural entbastlifferanfdadatddta spmhdieidighp k= gntenna and
contacting the radiator portion. It will becone

0.57 inches (14.5 mm). Where the gap v is symmetric for both ends of the

radiator portion 1202 (ie., where v, = v,), the radiators 708, 710 have an

overlap 3sina of 1.16 inches (29.5 mm) (1.73 inches - 0.57 inches).
The segment offset @ is 0.53 inches and the segment separation «_ is
0.393 inches (10.0 mm). The diameter of the antenna is 40 /7.
30 In one embodiment, this is chosen' such that the distance feed from

the feed point to the feed network is 8, = 1.57 inches (39.9 mm). Other

feed points can be chosen to optimize impedance matching.
Note that the example embodiment described above is designed for
use in conjunction with a 0.032 inch thick polycarbonate radome enclosing
35 the helical antenna and contacting the radiator portion. It will become
apparent to a person skilled in the art how a radome or other structure
affects the wavelength of a desired frequency.
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ant enna S L. SpO surface 0 Ian 412 for
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ground ﬁgmrg%g tﬁgrothgpaﬁgeeg\aport ion of first antenna 1304. As

di scussed above wih ref erenc}egto FI GS.. 2A and 2B, where the resonant
lengt h [ err]FIS$ 138 andipgramodlustoating Planaevepresensafionsmof tfapisurfaces

25 400 and near surface 500 of a dual-band helical antenna according to one
embodiment of the invention. The dual-band helical antenna is comprised
of two single-band helical antennas: helical antenna 1304 operating at a first
resonant frequency and helical antenna 1308 operating at a second resonant
frequency.

30 In the embodiment illustrated in FIG. 13, feed network 508, radiators
104A-104D and first antenna 1304 are disposed on near surface 500 of first
antenna 1304. Also disposed on near surface 500 is the ground plane 412 for
the feed network 508 of second antenna 1308. On far surface 400 are feed
network 508 and radiators 104A-104D of second antenna 1308 as well as

35 ground plane 412 for the feed portion of first antenna 1304.

As discussed above with reference to FIGS.2A and 2B, where the
resonant length £ of radiators 104A-104D is an even integer multiple of a
quarter-wavelength of the desired resonant frequency, the far end of the
radiators 104A-104D is shorted. As illustrated in FIG. 13, this shorting is



guarter-wavel ength of the desired resonant frequency, the far end of the
radi ators 104A-104D is shorted. As illustrated in FIG 13, this shorting is
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104A- 104D ar eRadistdrs0nedAa104D potdeher duabbafds aanéend I Avstebed 2%tmet wor k

508. S f | ] ustr d.,in

poi nt Rer% er:ef‘g%tt\éaﬁi@'rﬁ;ai% Pénge&tuarsu g‘ffe?td?sg’és?cﬁn‘ﬁe??ir Fg‘in f eed

net wor k rid@rcakdb0B8edd mweﬂtkrEbwﬁ thata ridedapbﬁttrtff rhdfors1Ph&iT04Enofl t a

di st,anc

[ I I u1 tr%éﬁag I?r{té Fadic gﬁgoregﬁ é%ﬂhfg % pg%)nr;cp?loggdﬁ%le Rdéﬁ%or&ﬁn(? R race

1436 on w%-ilgwsmheaeesmhtpQS1§mngat1% posariyf edetermined 1 ad on on a
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a radiator, trace 1440 econd surface aof s e As
with t heeTRRBgHNRRhK© E’éf‘gdf‘ ﬂcﬁl antergia jIp I“#Pghe&ﬁbé g@,ﬁomts of 4round

pl ane 4lgadédtoks nenAamm age <sxeéd/eﬁ Er&d@d@fmmé@ dxsmcéoﬁroﬁadeed ors 30

104A,104D .and. s 18 8su 2 gtor
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i|'lustrat ed ITIhiEl &mbolmend xnﬁsaraeesr ﬁtdtafa@ﬂaWré h08Agea4ID Rk &bmprised
25 of a ground trace 1436 on a first surface of the substrate 406, a feed trace 1438
on a second surface of substrate 406 and opposite said ground trace 1436, and
a radiator trace 1440 on the second surface of substrate 406.
As with the embodiment illustrated in FIG. 13, in this embodiment,
ground plane 412 of first antenna 1304 serves as a sh&ting ring for radiators
30 104A-104D and second antenna 1308 such that the radiators of second
antenna 1308 resonate at an even integer multiple of a quarter-wavelength
of the desired resonant frequency.
In order to decrease the overall length of the stacked antenna, the
edge-coupled technology discussed above can be utilized. In such
35 embodiments, radiators 104A-104D of first antenna 1304 and/or second
antenna 1308 as illustrated in FIGS. 13 and 14 are replaced with edge-coupled
radiators as illustrated, for example, in FIG. 12.
One challenge of providing a dual-band antenna such as that
illustrated in FIGS. 13 and 14 is that of feeding first antenna 1304. To this
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1304 tObV\éarnPetetefaIleledo Aby cg%lijdlermg Ctru?g t Sétoarrs] at t%ﬁi)&blrgglluate operating
frequency. First, it is desirable to minimize the amount of current flowing
from the radiators of first antenna 1304 to second antenna 1308, and vice
versa. In other words, it is desirablé to achieve isolation between the two

30 antennas. This can be accomplished by ensuring that the length is great
enough such that the currents do not extend form one set of radiators to the
other at the frequency of interest.

Another challenge is the goal of not allowing current from radiators
104A-D of first antenna 1304 from reaching tab 1504. Currents from first

35 antenna 1304 are attenuated as they travel across the feed portion of first
antenna 1304 toward tab 1504. Tab 1504 creates an asymmetrical
disc_ontinuity in these currents. Therefore, it is desired to minimize the
magnitude of the currents reaching tab 1504 to the extent practical.
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mexi m ze po sf er el[t h'b pul jtransition is
poor, the ra Paffr} € 5eppl \ﬁl?‘gng | fxrséélgm’ll:} % tab 350 tlh‘élPFieﬁél ns will
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brovi de iaking 4 BORRELAh, Wliibech a 8 el BHBUREADmAl Hack tip 380386421 1504,
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35 skill,. d|n e art howto I antenna wt
utilizi H OS]/ e’S Hatielgkpomey 1§h Hfegntenna art, it is desired to

match the impedance of the feed input with that of the interface cable to
maximize power transfer to the antenna. However, if the input transition is
poor, the radiation patterns will still be symmetric, only their gains will be
30 lowered by the corresponding amount of reflection loss. In addition to a low
insertion loss, it is also important that the connector provide a sturdy
mechanical connection between the cable and tab 1504.
Also illustrated in FIG.15 is the outline for an example substrate
shape. After reading this description, it will become apparent to a person
35 skilled in the art how to implement the antenna with a tab 1504 utilizing
substrates having other shapes.
FIG. 16 is a diagram illustrating one embodiment of a stacked antenna
with example dimensions. In this embodiment, first antenna 1304 is an L-
band antenna and second antenna 1308 is an S-band antenna. In this



FIG 16 is a diagramillustrating one enbodi nent of a stacked antenna

with exa nsions. In this enbodi nent, first antenna i L-
W §s/4lis 4P : Pﬁﬂ{dsr?}a@sé%g

band ant énna and second antenna 1308 is an S-band antenna.
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104 1N ohace! BEEKRIPLPtour Hadinfors 104A-104D 50 eat artennn 1504, 1308 13 ' "
implemented using a feed network. While conventional feed networks '
capable of providing quadrature phase excitation can be implemented, a
preferred feed network is discussed in detail below.

30 Another important dimension is the feedpoint axial length. The
feedpoint axial length defines the distance of the feedpoint from the feed
network for embodiments where the feedpoint is positioned along radiators
104A-104D as illustrated in FIG.13. The feedpoint axial length dimension
indicates the position at which the microstrip flares out to continue the

35 radiator and is actually the feedpoint position for the entire radiator 104. In
the example illustrated in FIG. 16, the feedpoint length for first antenna 1304
is 1.133 inches. The feedpoint length for second antenna 1308 is 0.638 inches.
These dimensions yield 50 ohm impedances at 1618 and 2492 MHz,
respectively. If the feedpoint position is shifted lower, the impedance is




is 1.133 inches. The feedpoint Iength for second antenna 1308 is 0.638

I nches. These di nensions yield 50 ohm i npedances at 1618 and 2492 Mz,
respect iWOI9/44389 t he feedpoint position is shifted | ower, PFCRESHPB®Rnce i s
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descr1pt10n, it will become apparent to a person skllled in the relevant art

25 how to implement the feed network for other x-filar configurations.

FIG.17 illustrates the electrical equivalent of a conventional
quadrature phase feed network. For conventional quadrature phase feed
networks, the network provides four equal-power signals, each separated in
phase by 90 degrees. The signal is provided to the feed network via a first

30 signal path 1704. At a first signal point A (referred to as a secondary feed
point), the 0-degree phase signal is provided to a first radiator 104. At signal
point B, the 90-degree phase signal is provided to a second radiator 104. At
signal points C and D, the 180- and 270-degree phase signals are provided to
third and fourth radiators 104.

35 Signals A and B are combined at a point P2 to yield a 25-ohm
impedance. Likewise, signals C and D are combined at a point P3 to yield a
25-ohm impedance. These signals are combined at P1 to yield a 12.5-ohm
impedance. Therefore, a 25-ohm, 90-degree transformer is placed at the
input to convert this impedance to 50-ohms. Note that in the network
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FIG. 19 is a diagram illustrating feed networks 1804, 1808 along with
the signal traces, including the feed paths, for antennas 1304, 1308. FIG. 20
illustrates an outline for the ground plane of anténnas 1304, 1308. FIG. 21 is

30 a diagram illustrating both the ground planes and the signal traces
superimposed.

An advantage of these feed networks is that the area required for the
feed portion of the antenna to implement a feed network is reduced over
conventional feeding techniques. This is because portions of the feed

35 network which would otherwise be disposed on the feed portion of the
antenna are now disposed on the radiator portion of the antenna. As a
result of this, the overall length of the antenna can be reduced.

An additional advantage of such a feed network is that because the
secondary feed point is moved closer to the feed point of the antenna,



-antenna are now di sposed on the radiator portion of the antenna. As a
result of this, the overall length of the antenna can be reduced.

An addi WQMM458Ivant age of such a feed network is that beXQU¥e*¥4786% "
secondary feed point is noved closerqyto the feed point of the antenna,
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of ¥4 as 2210 ' ' 3 | r f taklic
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The  shadilt RefetNOS GibwOfo FI@S. 24 Ghiréu SR seIF, othek eRathpleciheida! aand
electrical .. 20 0Pt es ?f the materi.als Segéun i ﬁu}ehiﬁ”‘égi‘ééron can
be |rrplg}ﬁ§#th§ds P on, or as an extension of, g P ,
material 2216 opposite metallic strip 2218, and one or more vias 2210.
25 Metallic strip 2218 can be comprised of a portion of ground plane 412,
or a metallic strip added to ground plane 412. Preferably, in one
embodiment, metallic strip 2218 is provided by merely extending the width
of ground plane 412 by a predetermined amount. In the embodiment
illustrated in FIG. 224, this width is shown by_'ws trip’
30 A series of vias 2210 are provided in ground plane 412 in the area of
metallic strip 2218. Preferably, for a solid connection, the vias 2210 are added
to radiator portions of both first antenna 1304 and second antenna 1308. The
pattern chosen for vias 2210 is based on known mechanical and electrical
properties of the materials used. While the invention can be implemented
35 with only one or two vias 2210 on each ground plane 412, to obtain a desired
level of mechanical strength and electrical connection several vias 2210 may
be employed. While not necessary, the portion of each ground plane 412
used can extend laterally, or circumferentially; beyond the antenna radiators.
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sol der i sgpport substrate 406 and the antenna components deposited thereon are
now mechanically held in the desired cylindrical form without requiring
other materials such as dielectric tape, adhesives, or the like. This reduces
30 -the time, cost, and labor previously required to assemble a helical antenna of
this type. This may also allow increased automation of this operation and
provide more; readily reproducible antenna dimensions. In addition, one
edge of ground plane 412 is now electrically connected to the other edge,
providing a continuous conductive ring from the ground plane, as desired.
35 This electrical connection is accomplished without complicated soldering or
connecting wires.
This technique can also be extended to provide support or
engagement along other portions of the antenna. For example, a series of
one or more metallic pads or strips 2220 can be deposited at spaced apart
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al ong t Hecatéorgt Aloofs eng&b@tf lforeebds both altseasmgntremaafamstorés A€6Ben in
FIG 22 r. . SLrips are cent one or
nor e ragn ﬂ@sﬁﬁog&i %tgﬁcsﬁgfiﬁeoro tg‘é’? s?rc?epgﬁ g g] t°r“§t8r406

(100). These rpdwéomr 184 Aipsbur enpdse toppuesites sidehef “swpport isabaml'&n 406

bst r at t
ThRLG GOpR Thése A<l Srigd SEEhsiloRESE8 6ot Mhel e iteBA iRt "
por t Pon isfrolledi ar dmrvgdm rproduce ctinet desmgbmtenne,dge sarent e EIGReR, -
substr atrﬁetallﬁpgﬁﬂg 'o?%hllﬁfs 2080 aRe posmon‘:eﬂb&dér"ﬁag%m&? 5%%%381%%% ]%t F1ps

220 are positi over grqund*trace
Metal || 280 YieaPRRAPIGe qd@err@é e p&%PQQZ@uhh@ﬁf@ 10 Speeifically, fior ome

app! | caldribodimés, | fiRtAke pdBH G ugsm%htedt&?exsal Blmd. trace
preV|o

If as t  of 6 yapple to ting

porti omﬁt‘ﬁgaalﬁt@g’cﬁ%g?% s’i%fa llized viag anzy thOH&ﬁ BB R?§1§d7-428 Vhere t hese

\rl\ﬁdllﬁt o][c;hesmdtf{oie the ra ltcr?ﬁbnmproom\ ﬁﬁve’:lddt héﬁe?@ﬂhdﬁ@wtrﬁel?ﬁhbg,ﬁméigdIO]?I nts
ich effici e .an ure t.o er {.n.the desired form

15 Were el ?:‘triy%1 aBIoE, Pg P@erd gdprq;gp Bhﬁia@ @aMasEng or ned

in the portiopads the surﬁaps oftgrounek tracd 143|6;)ughzanobé hsedpf.m oire thege. These

ads ca n vi ously
gl Scussgaéfagors ﬁo fRE A’@Edogﬂb# ?gén‘}e}gewsédﬁagna uc!eure Q%gétbg (giﬂ% usef ul
wher e vé¥hichogidiciently r@nte@marratmcbxre tngether i thﬂtéemzedf &drmt ors are
COﬂtlS”MWh@Eb uwcaﬂcaaczzorfr@aﬂbh ibHelsfleld, HBNIRAS VI B formed in the FI CS

Forim 23 R GE WHIK SeSdsBTou o 66t cnposih s Theae Sndpicarrbe
exanpl e usetlusi catjadctionFivith 38 witheuf ehens&3pd ppévieykiyhdiscbed El@lpﬁ\éISEd i n
25 ant iand; PR, &SP o stehie nerts ”‘éf‘f‘gaﬂl}?a“%% 05, e S T o
seri es aadptersgoromultiple 828:1@ efantetinag radidieris| areocomanmplateinwhictut er
surbgcergguﬁ%r{hﬁ%}genﬁg SHu&ﬁ;éce with form 2310 and teeth 2312, a series
of toolt#rjg% > rée'a?sftﬁ?% gui de" hol es or p%ssages 2230 are provided
in subs e tFi?fﬁ aparies ferigwspfan gyample embodimmprmt 224,
t ool i ng dfd ésrmd 223 Gaised |fbtl$'bl‘lﬁ{ @ubﬁtrb@ 006 PR ftlh@'lféélred lea )i g ound
227 kol pA T, Lo e o aera T
suppor t relling eenrtmma izald it prewille cohiinuadsssppomti atd rigidatyi fyrneng
acCy5aCYnkétind REnARAMR) "t HeUShBbRimeHE YS! 2310%a b pi8vided with a
series of prongs or teeth 2312 extending radially outward from an outer
surface of form 2310. To interface with form 2310 and teeth 2312, a series of
"tooling” or assembly "guide" holes or passages 2230 are provided in
substrate 406 for mating with teeth 2312.
30 In FIG. 22A, tooling holes 2230 are illustrated as being positioned
within ground planes 412. The metallic material of ground plane 412 acts to
reinforce the holes and prevent deformation and movement when a
relatively soft support substrate material is used. This assists with
alignment accuracy for the antenna structure. However, there is no
35 requirement for holes 2230 to be placed within a metallic layer.
Referring again to FIGS.23A - 23C, and commencing with the
perspective view of FIG. 23A, substrate 406 is shown positioned to engage a
support form 2310 by mating teeth 2312 with holes 2230. As seen in the side
views of FIG. 23B and 23C, as support form 2310 is rotated about its axis, or



35 requirenment for holes 2230 to be placed within a netallic |ayer.

Referrin %93? 0 FIGS. 23A - 23C, and conmencing with th U spective
vi ew of gll A245%9t substrate 406 is shown positioned to engggg asgé}ﬁsrs Js)upport

form 2310 by mating teeth 2312 with hpdes 2230. As seen in the side

views of FIG 23B and 23C _as support form 2310 is rotated about its axis,
or substrate\@@as pthegnvise wrapped around support form 2310, holes 2230

PCT/ US9&r{3a8B3eeth 2312 which help position substrate 406 in (g)lacezggainst otUbatrate
406 i s othe \i\‘%%e Wl‘vﬁti@e arOt‘J“g}gy upport for ma2310, hol es 2230 ]

engage- tS¥PPPT2 5OM h REFHYSOYT tiSneRbE srhsleateodls s sngageddgriRtt or on
suppor t sipporeddin B1entwaFlQ. 23t)esititiate 4Debis! liRiseratP dsshavispgedeagai nst

P SRRt Ao e sBPPor iy 348 it Syeneds taelt SprBef fults PRI "% 't pe
2218, z\lz\zﬁozﬁga. genokilpe 2206, 222623 Idescribed absvdescri bed above. 4 o

, L1 20 22 t
Foin the sunaDf SPuBE whEls ey 2018, 2926 Sha Sl b, A AR ST Brrd doon
suppor t jein thef substae Gectiois, tsubstrate 406 kiees rict needrieqisierkyeoh suportuppor t
oo om0 238! Adilihatly dhere SO BhulrBEn AR AR NdRpod LA Yadp 0N O

or substrate 406. . : i"caf@ns, sonme 0r a i ons of
t he 18nt exdendrilie gatize length of thepantennals), wdiators 104A-hrot stibstratef 496m 2310.

This fe . . | 1.Qi i I mpact
I's TeghWomé %gph@atlons, SHANE B 3IEBF the IrtiBREBY e éx&eﬂ\gaﬁlgﬁﬁ?é g@lf 1r5rp

of the form 2310 on radiation patterns at certain

For pur p8PPOTHREC| Withopt 5 the enesd ofor; @y ferma233@, iThis deatuzgacanobe

only subsivaaitegebifs, ifor dxample)Vitb hautiniiree thalinlpaee! of HE forRUNA10! GRES.
r adi atorsd.fneedsa feed net\{\nrk and .so forth. 1t will also be readily
appar entfadiation paftpns atger Ei“ﬁ‘dirmu?’ﬁ%e?el evant art how to size hol es 2230

to @&t ch the For puthosessofockring duabeheRaf Alhidbration, in FIGSIR3310,2345

i 11 ust ' s ' ' hol |

St r ot ok ubdtare 406, o SloRin, CRARIUT HEftelal v B2 R0 SrBling, plaliy,' "
or prongadizdars, feests; feadpetvetkst o sa fonthi Jt avibloallserdre readdlynapga®ntan be
t hought tgfthokersigiédnhethdSefevhditi Akt HBmpft?télﬁe,tlﬂﬂEE%S@r ranlrfﬁ ; dthg many

musi ¢ boxes. As W&J d b;ﬁgparent to one of ordinary skil e art after
25 r eadtHFEHRS th : alternative structures can be inplemented to
pro2dde for mB&id 2818, asdillugtratedaint FIG?ZB&&:aﬁFE@&WHted iy hedold peket
arrange o) pri at e..configuratjion., . e that it is
contenpl a ed't nél?&pﬁée fé‘%ﬁ%?n%‘ %fcythﬁgrﬁfi HésOtégr_LéieB’rrEd ShaP§pd%§ rrﬁ%lillﬁnot be
symret r i gprongs A312Heronipding: therrefrent. . In thistermbodirhent3Gormp23I0ncamby be
| ar ger iR REoP (9 | s r .

oﬁg oP%o _eQE?g:%llE,i 24 Qﬁéaﬁgﬁléﬂflff theltoiad Q{ru?ﬁ%%dblé} tné%t%ont ol

consi st ent ensi on g, snaller 1 n sone areas

subst r atIBuﬁiGs‘P?’f%niAg Weg? BPP3TeRt foapne f prdinazyr skifl irpthe arkftert oot h
spa@bng readiigothis sdistloblied, hRetMatidd 2s8Phited €8A 1 Bé”ixﬁ?@é&ﬂ%n’éﬁd tggsion to
hol d subShURE 30 2AAPRASARY ah’ailey Spoke affangement, an akle/sprocker o °
arrangement, or other appropriate configuration. '
Note that it is contemplated that the spacing of the prongs 2312 or
spokes may not be symmetrical about the support element. ~That is, the
30  spacing may be larger in some portions in order to impart a greater amount
of consistent tension in rolling, and smaller in some areas to better control
substrate positioning where the substrate edges overlap. Preferably tooth
spacing is chosen such that teeth 2312 apply a certain amount of tension to
hold substrate 406 in place and to make the entire assembly a more rigid
35  structure.
The use of holes 2230 and teeth 2312 provide improved
manufacturing capabilities through position and assembly automation, and
in precision placement or positioning of the substrate on a form that can be
mounted within an antenna radome. This allows more precise structural



35 structure. : The use of holes 2230 and teeth 2312 provide

| mproved manuf acturing capabilities through position @ ly .
aut onmat W 28/4438° in precision placenent or positioni nlé&g S?ﬁ@g?abst rate
on a formthat can be mount ed wgd hi n an antenna radone. This all ows
nore precise structural WD 98/ 44589

PCT/ USoféfixudicth and positioning of the antenna assembly, resulthg in dsbiraition
and positioni - : ' | r OEeci se
cont PP SO ATE SR SRR ETRY iopRELoF BAE B0 i, radibER

pat t er nzatterns. The above description of the placenent of netallic
Strips 2218’Tﬁé"agﬁ'ireﬁiescriﬁﬁt)ﬁ.réfagaezéﬂa%en?é?ﬂ o At Ostkipsiag) g5ideby way -of
exagpl e. After readi ng this destription, 1t would b parent to a

per'son miteniald221b, amel vies 204 is powided byowan éramplgl dABEETpTeRdERgi n
al ter naﬁ\'i%’ Egl‘é 2 1bRME WASIRENKE Bp&rent B8 a OI%%ISQR%MM &l te afteRdwehesEOr

exanpl e, onponents can pe positi .such_that_ the antenna can
be rol | €¥MPENARAte qq\lé&tb%arﬂac ineAlteFRAlve | locatigns 18ePeRAing; 925 ithR and to
hﬁve t Norifasth ﬁ}tiblhs dle@ﬂ-étli.D Fdr ekdraple,t ﬂﬁsévn\hédxﬂpoﬁﬁi&Qan be Iﬁt_&diﬁbfl@dO; '; Ee
shape. : ncl usi gn | var,i ou odi nen o] e
pr esents"rqli\/mﬁ\{i%ﬁ ﬂggﬂnﬁé'éﬁ%%m% te hexsg QSBg'g,anflt 0% tﬁfﬁ'lrg‘gngecﬂ st ood

t hatp t heylabizeeiopeand prochavé etiebsadiatorsvdp4ai-Desnngitieerothe insidé optthe

limtation.Th readt h and scope of the present invention should
not be ?H‘ﬁ%‘%"eayg'(}e grgp%f t he above-descri bed exenpl ary enbodi nents, but
shoul d be defined only in accordance with the follow ng clains and

their Hva, fusi The previous description of the preferred
enbodi rren%'s Fg)m:r ozvlgged to enabl e any person_skilled in th%Bart to

make or use Wiilpr¥agausiembadimants of thepresenfe invRriien ohaNgs bsern
i B ors bkt gl s beeopsianely |
Chat varRae SxmBionly. FoRmeliimbeian oy e Hreuit.and e the nou
depar t i pgesendrinviatiopi rshioudd dnotc deeliniited eby rargntafothe above-describ€d 98/ 44589
CP:LCI\{ %ggie(}xﬁgﬁﬁ'y embodiments, but should be defined only in accordince with the
following claims and their equivalents.
20 The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made

25 therein without departing from the spirit and scope of the invention.



1. A dual band heI i cal antenna, conprising: 2 a first antenna

section ‘ggggf g a first feed network g5 R8860N a
first si strate on a 4 first feed portion of the first

ant enna, a first gréund plane di sposed on a second si de of
said substrate 6 and opposite said feed network, a
first set of one or more radiator EIsAIMSed on said substrate 8 and
extending fromsaid feed netvvork and atab extendl ng from
said first feed pgtlo sﬁaud |rst ant enna;, .10 and a
second antenka seétfiyAl b ey aneLnna, COMPIISING: 5 gecond feed net wor k

di sposed on s&igt ant@&{aas@tm Sompeis feed portion,

Fead netuor k. ande et Mot R SEAcEE 5 e L B OERE L P rfgalaators

di sppsed on fastofeed gpirtianeof the first anterana) extend| ng fromsaid feed network.

2. Th t e} t I

ci cctrically connBats: Bl pIgse dliepeei i3 SepRYrsibkist ol JBBmate P NC
radiéat ors. and opposite said feethaetmedana accor d| ng toclaim 1 or 2, wherein
said tab is 2 pasid} QPGf%‘ﬁ*&sf;f”}hb?él'rﬁg?alﬁbgd\ﬁl\ﬂﬁ;séd'&x% d& B@&%Fé“extends

4. The ant enna accor erelrn sal

fro an end an yaqt@\dmgsﬁron‘ee@d;f@eduwmané cl osest to said second

ant enna. a tabextendif Efr@:@[‘féi&%rs@fe%@?éﬂﬂ)ﬂ@f Sdid fFseGedbAfa; Cl ai m
further 2 conprising a conhector connected said tab 6.
Thel®int enna @8B8or di ng to any preceding claim wherein sal dtab 2

cogprl ses neargec?ﬁd @g@ﬁnﬁhsem@qr@@h{pﬁghl currﬁnt to fl ow frgm sai d

ra tors of sai na. al o t he sai d second, ant enna
iﬁereby 4 |n5rs§§9’§a%ﬁ éfﬁ%f‘" 7k %Pgﬁeéﬂ f‘n%ﬁe@%@dﬁ%? PErP%hdi cul ar
: to the axis. feed portion, WO 98/ 44589

PCTMJSQS/ 05869

. bstrafi? ite said /-
The ant enna accor |sncmt1d %nglmplgnev% pased o, of“rlréé‘nétf? Opposite sal
feed network and

16 a second set of one or more radiators disposed on said substrate
and extending from said feed network.

2. The antenna according to claim 1, wherein said first ground

2 plane electrically connects one end of said second set of one or more
radiators.

3. The antenna according to claim 1 or 2, wherein said tab is

2 positioned substantially along the axis of the antenna.

4. The antenna according to claim 1, 2 or 3 wherein said tab
2 extends from an end of said first feed portion that is closest to said second
antenna.

5. The antenna according to any preceding claim, further
2  comprising a connector connected to said tab.

6. The antenna according to any preceding claim, wherein said tab
2  comprises means for providing a path for current to flow from said radiators
of said second antenna along the axis of said second antenna to thereby

4 increase the energy radiated in the direcfions perpendicular to the axis.
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2 providing a path for current to flow fromsaid radiators of said second
antenna al ong the axis of said second antenna conprises neans_for_feeding 4

sai d firwo9%8448hna. 8. The helical antenna ofcaﬂ{ﬁﬁ’?f%@é%d. ng
claim wherein said first 2 and secqg ?d radi ator segnments and conpri sed of
strip segnments deposited on a di el'ectric substrate, wherein said

dielectric spbstrahe hﬁt@@%ﬁeﬁb&h timatlahﬁe [ mrahorsauhrmemnapﬁnd in a
hel i cal

s.hl. ellca aof erein
sai & di BF%‘@BH‘& 3 sdhy g{recgrpgf 8y ?ﬁjﬁ‘ﬁ& g aPf ichng? ot her
appr Opraﬂmhﬂpﬁ the axi.of saiﬁlsewnceaneemtacoompt@ﬁesanams ;foecfeeﬂing claim
wher gi n_at one of said first and second [err] of one or nore
r adi‘at of® dc%"rﬁg a first radiator segnent extending in a
hel i cal fashion froma first end 4 of the radiator portlon toward the

second end of, the d :

segnent ext e§d| ngI:h% aé]%%rl caF'hfIgrs‘l?n %Eﬁprrgcnedén Céae%ign %ﬂ ?aﬁhe radi at or
por t2 onandeedid rediates segmensiangomprised of strip SQ@F\@F% eposited on a wherein
sai d 11 gghelall Al aig,q‘gﬁaemssaéa R ubYrhle STEpBEGARH that thieadi at or

segnent SUCH that sal | I st cond radi ator segnents are 10
el ec‘lroﬁ%@ﬁe@ﬂscﬁéﬁl‘yl’ aéhlﬂfher_ . 11. The ant enna
of claim 10, wherein said f| rst radiator segment is 2 equal in length to

sai d second radi a .The 10 or
o aneroin Sary” e REHR Atennaof slaim 8, wfisreit il ERC FuBsBalF

Iengzh isvforeed &t a tﬁhﬁdﬁﬁcalauehﬁagbhomhexaapmrme shape. frequency of the
ant enna. The antenna of claim 10, 11 or 12 wherein said

radi ators further corrprl se one or nore internediate radiator segrrent S
posi ti cmed béOweerThe antesaadtcf:wbngatncmsepmdmcbm wheraint at least

14. ga@g}n nna 2 corrprl ses
2 |ators azgga#ee netvvork f f%dﬁ‘é%ﬁiaﬁo e

four Vi ua rature
i gnal to saiadfifs sadiater segrpent exten gmg n a\@héfﬂlg om a first en dh

PCT/ YJSO%f QR8@Qdiator portion toward the second end of the radlator §3rt10n, and 15.
The antenna of a sécond’ rrg&ag n%egfn%n ex endrfr?é ﬁor?rhe§1C£ Bshdtd from a
6 second end of the radiator portion toward the first end of the radiator
portion;
8 wherein said first radiator segment is in proximity with said second
radiator segment such that said first and second radiator segments are
10 electromagnetically coupled to one another.

11.  The antenna of claim 10, wherein said first radiator segment is
2 equal in length to said second radiator segment.

12. The antenna of claim 10 or 11, wherein said first and second
2 radiator segments are A/4 in length, where A is the wavelength of a resonant

frequency of the antenna.

13.  The antenna of claim 10, 11 or 12 wherein said radiators further
2 comprise one or more intermediate radiator segments positioned between
said first and second radiator segments.

14. The antenna of any preceding claim, wherein each antenna
2 comprises four radiators and a feed network for providing a quadrature
phase signal to said four radiators.

* [ L M S *



2 point for each said radiator that is positioned at a distance from said
first e ong said .first segnent, wherein said di stwg@,@msen to
mat ch tgofw“f?n%edance the radiators to a feed network.

The helical antenna of any preceding3gl aim wherein said fi rst 2 antenna
I's stacked coaxially with sai d second ant enna. . A dual band
hel i cal ant eﬁtﬁa dhepantenng of2any precedipgfdlaism, %ﬁ@i’nﬁomﬁ%& 888 i si ng:

a fig st &P(\Q* e&t 2 HbAbd St dedBtareStibt gaaefu@e eAdt
flrszt fge portlono the™ 201 Podi ©

ant enna first ground
pl ane drlOBEs saidon BEsts SREFAANG; Wé‘eéfﬁubaﬁa&i diptenceis ‘ghosen to mgﬁ%}-\ %%om te

sai gy f eB@MEESS i fhdiators to a feed netwatk{i rst set of one or more
radi at ors” di sposed on said substrate 8 and extending fromsaid

feed network; a second antenna section conprising: 10 -
a second feeclénet ek hellicil catidnoa cﬁaﬁysp.rbeédmgeclmmam&mmrrd said first

f eed, port un | ane di sposed on said
sub ra?’éj‘ Slt%d%egt gpaxially with sagg oﬁ’éf %ER a second

set of one or nore radiators di sposed on said substrate and

extending fr sai I%ﬁ? ans for providing a path
for current flégv rom-sai raé ag}qors Oompnsmgged second antenna al ong
t he 2xi s of saﬁxmmm aectiomgompridingeby 18 i ncrease the energy radi at ed
in the directions apﬁfs‘?ff %5‘&@6&‘&&%@5&1}(61% a first side of a stiBlstratélén ant enna

according to cI aim erein_sald means conprises a tab extending
fromdsaid fi figst f‘@édP%?qf} ehthe fisgh antenpay antenna and runni ng al ong

the axis of said sefem aﬁﬁerptané%sls@@a 08 H8ecdnd sisle ofisaidFubBtate
19. _The antenna accQq to,claim., 18 .wherein said tab is 2 positioned

subsfantial | PR tt—'esaéalfse%f“ ek Afithna. 20. The antenna
according to cl ai na fifi## set of Hnevoerwione smidiatbad digposerdt endsaif rsmbstrateend of

b2 Sl hcho! G BRERLB, HBA s dFRBbabR,sal d second aniema,

34 a second anfennatseqtienaomopubing:t o any of clainms 17 to 20,
whefgin at 2 | Sahecdil Reasiivdri alspBel LR M sebstrAt SN 96cIRI €

radi at ors cor}pcll tion
ee por ,

12 a second ground plane disposed on said substrate opposite said
~ feed netwosks
14 a second set of one or more radiators disposed on said substrate

and extending from said feed network; and
16 means for providing a path for current to flow from said radiators of
said second antenna along the axis of said second antenna to thereby
18 increase the energy radiated in the directions perpendicular to the axis.

18. The antenna according to claim 17, wherein said means
2 comprises a tab extending from said first feed portion of said first antenna
and running along the axis of said second antenna for feeding said first

4 antenna.

19. The antenna according to claim 18, wherein said tab is
2 positioned substantially along the axis of the antenna.

20. The antenna according to claim 18 or 19, wherein said tab

2 extends from an end of said first feed portion that is closest to said second
antenna.
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a first radiator segnent extending in a helical fashion froma first end 4

of the r ortion toward the second end of the radi and

a second ra%t/a% r segnent extending in a helical fashion %‘glgﬁjgg%mééﬁgsecond

end of the radiator portion toward tisa first end of the radiator

portion; 8 wherein said first radiator segnent is in proximty with
sai d second 21. (Idw antennsegaeordingidh ampaiof sdaing i17sto 2ﬂd vekereim atadi at or

SegMent feadf BndOf sah&@ﬁgtoﬁwe@éd Sdt¥ oF YR d&drrs&eeg i85

22. The anten ‘E”T Qﬁ al m. erei.n sald first I at or sggrrent is 2
equal in | engtirstda edanding irsadilienl fashion from a'fixst endrhe

ant epnapgpthe k@dﬂi&&l 8ftict? td/Wch?tHb Seothdf fof émél r§&ﬁ9<5}d 6:?-ddrﬂi or
segnents are [err 4 | Ien%th where X.is ngﬁﬁ resonant
frequency of 2t PREORGk & iator Segment exteggmg ’T‘h@ 0§L| &qmgg 22 or

23 vher sedonthiedldr afi thleOf£diatort poftich ©ward ke Oﬁfs*coéndméie thet sidigeliAt €
radi at or slegments p03|t|oned bet ween said f| t and second radi ator

segnent ‘25" Thé ‘ant enna of any"oT =l ainms 17 to 24, wherein
each8 ant ennav&eremmckésstfmmhaﬂoa@egﬁmm i nigh préﬁﬁﬁt;ﬂ@bilthr k&iﬁogecbhﬁw ding a

guadr at I h de. f QU adi at The
antennaya'E tor SQQH‘ %?15 19&?17&\%9 s%@& ffuff? m‘? %%F?Bal g}@}a’m&' fEEMents p%'ient f or
eacH0 saﬁhctr@mwlqaﬂatColwlpdstotomeno&tera di stance fromsaid first end
along said first segnent, wherein said distance is chosen to match the 4

i npedance of _the radiators to a feed network. . 27. A dual - band
comuni cat i oR%devike aatenna of daisn Pawcherein said firstarudiatoz, segomgnti isi ng:

a fi2st eghAlRNEES tb BRid S8BINSIAMHatof segment. a first feed network
di sposed ' on a first side of a substrate on a first feed portion
of the first antenna, 6 a first ground plane disposed on a
second si de B8. salTthesuhtdrrat of claim 21 or 22dwhepsiai baidsfiist 4@ keehdor k, and

V\D 912/ 4%2&; segments are Xg# in an%h where A is the Wavele ocfl %ngéi?u 98/ 05869

She6r* fror € T adr ars n said
subst r aftequency of the acmehth end| ng fromsaid feed networ k; 10 a
second antenna section conpri sing:

24. The antenna of claim 21, 22 or 23 wherein said radiators further
2 comprise one or more intermediate radiator segments positioned between
said first and second radiator segments.

25.  The antenna of any of claims 17 to 24, wherein each antenna
2 comprises four radiators and a feed network for providing a quadrature
phase signal to said four radiators.

26.  The antenna of any of claims 17 to 25, further comprising a feed
2 point for each said radiator that is positioned at a distance from said first end
along said first segment, wherein said distance is chosen to match the

4 impedance of the radiators to a feed network.

27. A dual-band communication device having a dual band helical
2 antenna, comprising:
a first antenna section comprising:

4 a first feed network disposed on a first side of a substrate on a
first feed portion of the first antenna,
6 a first ground plane disposed on a second side of said substrate

and opposite said feed network, and

A



a second feed network di sposed on said substrate on a second 12

feed porg,@,é)gsmss9 : a second ground pl ane di spoggq RBs6aks
substrate opposite said 14 feed network; a sec
set of one or nore radi ators di sposed3®n said substrate 16 and
extending fromsaid feed network; and ] . means for providing a path
for Surrent to flowfEplosstsef ane L menesradiateys dispased oonsaidnswdrstaatel ong

t he axi s of sﬁ@ei@mﬂgqm@mt@e& PRERBYK; i ncrease the energy
radiated in the directions ger endi cul ar to the axjs. 28. An
Q&fjég ¢

ant éffna wher et ¢ fenT EPYPIWIRG! tracks are 2 provided on a

compn substrate whisetord féet fBEwoFK dishboredven said fsabstrafe on a selahdt he.
tracks foll O\r/#rasie tive substantially helical paths, the tracks ofone 4
set “Bei ng conMTECtEYIBva finger that extends out of the curved surface for
connection to a trasecoid grownd plinte disposed on said8ubstfite Bppisite &RAPT i Si ng
a flﬂxi bl e suﬁﬁarﬁé&orgconductlve trac?k 2 forned on theajgjbstrate, a
first conductive ‘area fbrmed on one mgj or surface of the substrate,
and a second conduasesandhsetoff anerer] nwreaadixtorstdisyosed on. saidf aulsstedtet he
subgkrate an |53 | JLE @le] I ve vias ext endi ng
thr?ﬁgh the su s'??fﬁn?ﬂgr%ﬁh%ﬁgﬁé%ﬁg&gﬁ%g%a eis fornmed into a 6 curved
surface and Haeans fox paevidingea path fyr owryent te dlajefrempsaiddradiatons lof

the 181 assaid deeBndCaRPhrzOTHINAL! MR 3&R JfOsdilesbddmi ARABAHE! kY CutdrkBy

increase the energy radiated in the directions perpendicular to the axis.

ond

28. An antenna wherein two sets of interdigitated tracks are

2  provided on a common substrate which is formed into a curved surface so

that the tracks follow respective substantially helical paths, the tracks of one

4 set being connected to a finger that extends out of the curved surface for
connection to a transceiver circuit.

29. An antenna comprising a flexible substrate, a conductive track

2 formed on the substrate, a first conductive area formed on one major surface

of the substrate, and a second conductive area formed on a second major

4 surface of the substrate and comprising a plurality of conductive vias

extending through the substrate, and wherein the substrate is formed into a

6 curved surface and held in that formation by way of solder applied through
the vias in the second conductive area to the first conductive area.
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