; {| e3e_p>_mi6 T>HP( WD 001 51200 PCT/11S00/ 05267 1 o~."~ GROUND PLANE FOR GPS
PATCH ANTENNA s BACKGROUND OF THE | NVENTI ON A good ground plane is
beneficial for proper operation of a GPS antenna system W thout such a
ground pl angoomseer e nul ti path effects can di srupt the GPBCEHU§MAF26bei ng
received by the GPS receiver. In the pabt, these ground .pl anes have been

| arge and/ or bul ky, making themvery difficult to place insi S
such as in 10 portable or hand- heDESCREPEIQNens. GPS recei vmmummmmmr
signals directly fromsatellites. However, during use they also jeceive
indirect "multipath" signals caused by the reflection of the direct signals

from | arge objects sucGROUNDPICANEFOR GPSPATCHSARTESNA t hese i ndirect
signals are phased shifted and act to cancel out and/or distort the direct

signals. Such ~s nmultipath effects are undesirabl e because they can cause a

|l oss of ppsition data or ggegl Nprbttlﬁ@ﬁ@ ER§YoNA t hough nul tipath
t , it

ef fects can occur over any surface o e eart I's particularly
troubl esone over Agibé graidgdite mdieecficidbabt pwptreppdratioa ofed &ASvaitshngood

el ectrical conductor, and will therefore reflect GRS signal.s with |jpttle

2t tenuat | on. S3HrITEIE b growal DRSSPy Rty SRR 26 B Shbel | 1t o
signal may alig@l bakE¢Evall 15 BB TPSWedehved I thetpast, Mhedé BRUMOPladddthabd BRAGL h from
the salt water surface. To address this and other problens, GPS patch

ant ennas of t largezang/op bally.i makieg fharictenodiffigulto plage dnside smadiraecas Audrasuind pl ane
serves qui Oﬁ&a&%‘mﬁh%& nggﬁa&gﬁ.i solating the antenna from signals
m em ZS ea

emanating fr el ow ly, a ground plane would be an infinite
sheet of a perf eGP esedivers aeceiverdigials directly from satellites. However, during use

they also may receive indirect “multipath” signals caused by the reflection of the
direct signals from large objects such as the earth. In many instances, these indirect
signals are phased shifted and act to cancel out and/or distort the direct signals. Such

15 multipath effects are undesirable because they can cause a loss of position data or a
decrease in its accuracy.

Although multipath effects can occur over any surface of the earth, it is
particularly troublesome over bodies of salt water. Salt water is a relatively good
electrical conductor and will therefore reflect GPS signals with little attenuation.

20 Thus, a GPS receiver trying to synchronize to a satellite signal may also receive a
signal with similar information and strength from the salt water surface.

To address this and other problems, GPS patch antennas often are used in
conjunction with a ground plane. A ground plane serves various functions including
isolating the antenna from signals emanating from below them.

25 Ideally, a ground plane would be an infinite sheet of a perfect conductor. Prior
art ground planes have typically employed large geometries to simulate an infinite
ground plane. For example, a ground plane used by G. Lachapelle of the University
of Calgary and others for the Canadian Hydrographic Service was roughly 1.5 meters
in diameter. Others have implemented smaller grounds planes on the order of 50

30 cm’s. These grounds planes are often orders of magnitude too large for use in many

portable GPS systems. Another problem with prior art ground planes is that they are
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art ground planes have typically enployed |arge geonetries to sinulate an
infinite ground pl ane. For exanple, a ground plane used by G Lachapelle of
the University of Calgary and others for the Canadi an Hydrographi c Service
was roughl y,d o ogters in diameter. Qthers have inpl ementgergdiBhses 9rounds
pl anes on the order of 50 30 cms. These grounds planes are often orders of
magni tude too large for use in many portable GPS systens. Anot her problem
with prior agd, ;ngwa@ tplo@mﬁﬁed SithiflAhe %;rb%xdamnmg HG BQRAAIG, BoEANRD0/ 05267
2 often attac to or buried wth he ground, limting their useful ness
in portable @SSBscstserrs Mul ti path effects may al so be reduced
electronically t use of SSi L e the £ Ry be
smal l er than pri t(}tdagg%h e? PRI 6‘? dre P%{arqeé;e&ronfcﬁe)c éPfPW}} tﬂ}eyu?e uired to
reduce nul tlsﬁlppl’ﬁssﬁfnfcﬁﬁﬁlss IWhﬂB‘mqnm@jaH@kmMIer ehap@risi seinfiahelgoand plars, a | ot of
power. Thus, electronic nmultipath suppression circuits are often

i mpracti cal e cIrHEY reauirethie redussemnlipeth glises dbodsn epplepppensiveoaad U S,
Pat. No. 5, nt enna
and a physi el Ty ara T Cpore, TR ARGEhs Spflpad Sl qrttanee Sl 8
ground pl aneinrpmscaétfcsueffmanmrﬁchpemally@ouebit)r@l’s aggicgionsur r ounded by a

peri pheral regio a S VI ty that increa s radi al

di stance fromt hgjg E?t i\‘ :}eﬁg‘léﬁlg dﬁ APRARHYS @B%f’?%}fﬁda?ro%m&t enpts to
sinmul ate an dnfdnhbddea SHyRIEAIT ﬁhaangmuﬁmum h&RErdh BY “B/Rtd e The MRCard”
conventional prior art ground planes. However, the "R-Card" ground plane
still had® a HPuKalaE cerrsq%oqarfeﬁ%ﬂvwnﬁﬁ IpgioR FiropnRdeddyRRETIphGR) rogieR abl e i s
GPS appl i cat§Qns: sHeb HIRGHMBS that BtrealesCRY Hidia Qﬁs‘iad&@tfro?ﬁ' R @&fraP lﬂfgflépe
currents which will adversély affect reception of GPS satellite data.
SUMVARY OF TinigredshivEiFs Qunfigatipmeatiemptsi tnvsemtllua@nmvoxr@ms@ geovnd iptane- Whider i bed
problems with prior a 0 round Ianes t ound a descri bed
in the presen'trlgmln mtalﬁ%rntﬁan n&'of' ShHe" %grgun{p lag ti o oggﬁerbgleageqﬂged W th
an antenna sgteimdnlideatillitas Slmdrﬁete’il’lﬁ 194ihdhbs, c;aﬁcmab@mrgeaﬁof yhahe pbitghe to fit
in tight areas. Wthout it, in man agt GPS applications, one would
have to Use @Y RERlcations, yFurthermerethn( Rﬁ din o%sy R HIPBIESSaSUERBRD ICBENE ect r oni ¢
circuit to mvmmaﬁadrv@,@ewlaffs‘&fre%éﬁm%fth%%pﬁrg%temt@aagt i nvention includes an
antenna structure conprising an antenna adapted to recei ve broadcast
signals, electrically connected to a ground pl ane, conprising radar
absorbing material (RAM I Ng at | east one radial.
The antenna nay be substantlgmkgﬁ Fﬁ%giﬁound pl ane. The antenna
30 may al so be plTae gaesanty idventionf mai)memabmamas&rmegrmohidnqalv\&nhepnor anD

001 51200 PCT/ USO0/ 0526, The a rise a atch ant na. The
br badeastt s\ GRANPIRE Wi dpsasamarane destrbecRaRLERP HBA Sort H4) B0 b
used to recebWaclotdhgcal R ARiRSId »%mgaalaﬁtemﬁys@ﬁl {HaORSnRIoRAl whibls esh f or
personal communi cation services, and cellular signals. s The ground pl ane

may be substmephpzigally bd made do ﬁmnetlgjnt @Eﬂﬂ@l pWVitheutpihyingmeey Gempasy GRSer
functional d{ﬁﬂﬂ%moﬂ?%mé‘&véuﬁ?ﬁﬁvft’a Cusk Athd 2 TBY, REAMRNE Bl QYQLy thE, RAM

Gt her netho
complex electronic circuit to minimize the interference.

25 The present invention includes an antenna structure comprising an antenna
adapted to receive broadcast signals, electrically connected to a ground plane,
comprising radar absorbing material (RAM) in electrical contact with at least one
radial.

The antenna may be substantially centered on the ground plane. The antenna

30 may also be placed anywhere functional on the ground plane.



mai ntai ning el ectrical contact between the at | east one radial and the RAM
may be used, such as conductive epoxy. The RAM nmay conprise a conductive
material that io is adhered to a non-conductive surface. The RAM may al so
be conprisegb@fsizwol i d conductive material. The effective HaIVFOO05367 t he at

| east one radial may be substantially dne-fourth of the wavel ength of the
desired broadcast signal. The effective length of the at | east one radial
may al so be | ongé&he tftennaomey tamprish aopat¢hhantemmac| Thedirbadodst tsigpald esdyrlzd ~ s

br oadcast si |. if inpcreased perf.ormance is desired. .The effective |ength
mmy be- sl i gy sgks + dFe PREFTGREPHEE PN O BheSHLPCIeErIR A8t PRREcads | od
broadcast sisgnalk sidh AahéseasadisReéd RF FerdaRl commasiepioaieticed Emdanigana
structure may further conprise a plurality of radials in electrical contact

with the gr 6ig#8spl ane, the antenna, or both the ground plane and the
antenna. ,Zo The | ;%’jé Wi her,connid SiSn f our
radi al s. 5I\/bre orqrgélgh%%%iﬁrgf%ér rsgllé?g@}i%%’yga SO bgﬁggse%l d%%%nﬁ?o?]%e on the
par anet er s ahy bther fapgionglahapen. The plurality of radials nay al so be spaced
evenly through t radar absor bing materi r.t be spaced.in an
neven manner . | 0% FeicahoBn A e vevenavgl e dEAM ooheF maa fhy " be
conpri sed OfmditgiRing eld¥Ritdl tbntd¥Bb&ed the b (kabthéhe TadibN£hdPthe IRA NTBYayDIR: adapt ed
to be folded, and then assunme substantially a flat configuration during

use. The antusethauchtas gendyedveneppxy.ulhhBAM oy cPmprise asqonvayive material it ai d i n
returni ng the,gl.ung o%fk%n{l&tiéélgﬁ%a%@.t Tk 'R%Mtxﬁ?ﬁ%l%tﬁiéér‘%m@%% oBYgiaf 1 on when

rel eased during use. e antenna structure nmay conprise a
nonconduct i wendwtrerméthiddl. encases 30 the ground plane, or the antenna, or
bot h. The effective length of the at least one radial may be substantially one-fourth
of the wavelength of the desired broadcast signal. The effective length of the at least
one radial may also be longer than one-fourth of the wavelength of the desired
15 broadcast signal if increased performance is desired. The effective length may be
slightly shorter than one-fourth of the wavelength of the desired broadcast signal if
decreased performance is acceptable.
The antenna structure may further comprise a plurality of radials in electrical
contact with the ground plane, the antenna, or both the ground plane and the antenna.
20 The plurality of radials may further comprise at least four radials. More or less than
four radials may also be used depending on the parameters of the application, The
plurality of radials may also be spaced evenly through the radar absorbing material, or
they may be spaced in an uneven manner.
In the antenna structure, the at least one radial may be comprised of high
25 modulus material; and the ground plane may be adapted to be folded, and then assume
substantiallv a flat configuration during use. The antenna structure may further
comprise a' spring that will aid in returning the ground plane to substantially its
original configuration when released during use.

The antenna structure may further comprise a nonconductive layer that encases

30 the ground plane, or the antenna, or both.



WO 00/ 51200 PC T/ USO0/ 05267 4 The present invention also includes a nethod
of using an antenna structure conprising: obtaining an antenna structure,
conpri si ng an antenna, and a ground plane electrically connected to the
antenna, cogarisi,ng radar absorbing material and a radial Pgﬂvﬁ‘doﬁﬁisﬁi cal
contact wt t € radar absorbing materiql; and enploying the s antenna
structure to receive broadcast signals, mhereby the ground plane is adapted
to inprove front i pack iho@kies 2RD iRfludle ABRhENBRuSHE Uk lakiefna R Oadcast
signals may be GPS signals, or they may be any other broadcast signal such
as those use@mpnlsqnéir slztmamgc@nmmn@astm@nresygmmngopn @ptened, and o groads. I n the
met hod of usj,n t rove on io
the front td lg%ce&&?nscgw ?&ggm% w e"‘u“é"n & rgglpgglgéj%%ﬁ&ebg% in, patérr{eghs)mdvn% surface

currents on dalliel g1 eldadcanloaomactdwfth Ne w&kar absorbihe mimérhndarﬁf etiployiflg tthe ant enna
structure, the front to back signal isolation my be at |east 10 dBs when

measur ed ‘v eRICRR PGS o recgiye bF??’(S‘ﬁ‘tS" flsn%ac'fbegemgﬂasr?%%%w%av & so be
any m ni mum ?d 961/%'froﬂ?@%ﬁél@i@ol&\’&rof%e%?énwQrd?fﬁﬁ‘é Ufﬁeao?*oa‘dcz?st LigtHid Lgdudy the
paraneters of "a particular application t he met hod of uSing t’he antenna
structure, tGBS sgiwés; of they ngn e hnyodthertheoadvast sigeal sunhens thpdé uded nmyperbenal
one-fourth of the. géal e{nq{ h ofll % desall red broadcast signal. The effective
length may aCEBRPNCaRon YEFTPREFFISHESER It h of the wavel ength of the desired
broadcast signal Ihthel@hrof psing teanRam staicllRs the@tbund blahoway ipgoiosimance i s

acceptable, Zo the effective | ength may be slightly shorter than one-fourth
of the walelBs§eR Boagkisolatian ‘fféléf PIBRY SHewE |béj AURPrESFIAL SHEACRENERES &F  usi ng

the antenna @ Lidehd/pigne duifig @ enna structure may further conprise a
plurality of radials in electrical contact with the radar absorbing

material. The pl dn diei mglhqsi‘ofrtamgalhesama fsmmcmhe,rth@ﬁmprto Sackatigriabisglatidrour

radials. Mre o di e _use n t (Para ters of
t he desired Iﬁ?}"p P &a ela%nl% &I% wﬁ"?nurrng?%fc? ovferratd?}va S %e qra? ptog b%‘égg evenly

or through tikdatRiMnay htsor ted g mlmyanﬁhxgﬁalbxaeasmd&deuaedeeuﬂédyniebmau@dﬂ t he
RAM In the rrethO(g of us the ante astructure the radial or plurality
of radi al's rgJI5E aE’FF%ecSﬁ 1 R URRRPRIS2HA%: ntai n el ectrical contact.

Q her et hods of I§%er¥§étﬁﬁdadf'ﬁkxﬂgttﬁ|aﬁféhﬁd ﬁﬁllctug@%%ctp@tlé’i%%fttﬁ@atrl@aql al or
radials and the RAM may be used, such as conductive epoxy WO 001 51200

PCT/ US00/ 0528 radislmashbe prstfosth of thgswanglength of et degined bqoadfeitu’mal t Fee gr ound

pl ane may be t I i T I l,.so n any

ot her functi gﬁgﬁ es‘%%iéﬁl#&sg bre ggj erthﬁr}]grgenﬁxgﬁ %g @o@glef{%ﬁ og ttge (rifcg d of

usi ng an antteosirass sipoad ifliighee pegformandegs desiredi Hilongergpefformantd 8 ampfahlaa
structure copprj.sin atc round pl eeletr'cll

connect ed totg?ﬁ e%?éﬁ?g‘g Sq‘gﬁ q&’@ﬁﬁ@gﬁf‘%{ﬁ’é‘“ﬁd’ G WRYEgn m%/absorbi ng

material, a &gwda;rbg&aseg,gmm als conprising that is in electri caI cont act
with the radar absorbing material, a spring to aid in placing the ground
pl ane in subst antin eingethpdiaf asing ghefantpnnastrusRratheranfeanegBistireinay futhese, and

wher ei n ¢ he QA0 BLARE {EraBHRAN Bilct-85n0) iR O BHBLAY ARcAge ant enna

structure to recerv o sig roun I'S adapted to
i mprove fr orfhetpburhidtg kof iaﬂmlsahaycfnnhn‘r cbinpridel aeleahlfalraadlzdﬂ nMo&tdrllm's tddéals BRI EF
DESCR PTIst\I rrga:y l;reHIEeE)dRéAfa\é\r'lc!l\xjxcl;gS on the parameters of the desired application. The plurality of
radials may also be spaced evenly or through the RAM. The radials may also be
spaced unevenly through the RAM.
In the method of using the antenna structure, the radial or plurality of radials
may be woven through the RAM to maintain electrical contact. Other methods of
30 maintaining electrical contact between the radial or radials and the RAM may be used,

such as conductive epoxy.



I s The followi ng drawi ngs formpart of the present specification and are
I ncl uded to furt'’her denonstrate certain aspects of the present invention.
The invention may be better understood by reference to one or nore of these

drawi ngs i gsaEMdpati on with the detailed description of pfaméese
enbodi nents presented herein. It is tosbe noted, however, that the appended

drawings illustrate only 20 exenpl ary enbodi nents of the invention and are

therefore not tqnb@eqeaﬁédi%f%@m}gltmtahfean@fstrh&&resmp%ouﬁ@rpla&]eemwb@ntIon nmay
admt to other equally effective enbodinents is a top view of an

ant enna st r sbstantiallicaoeri e gwuohplaesaylsebr inghy pther fypetinaak shappyent i on. zs
FIG 2 1is a si deﬂ%ﬁﬁ%ée {‘%Lrer}qoﬁ‘%s%fmélpg sai‘ﬁl% o?%%{gtaﬂrﬁlte?xﬂp?gbﬁ t of FIG

1. FIG 3 is a si SEctl ona an an enna stfucture encased in a
nonconduct i senprisingr obminirigdh rfipxibie amenmmiindiune vdmpfisitd1@ teds aMtennandent i on.

FIG 4 is ective. view of a atenastruc ure |tsfol,d,ed

confi gur&ti %fﬁ“’&i@%‘?ecﬁ "r?&“’?hy sﬂ@eﬁ?ﬁﬂ@dﬁ th Pennp,d epgrég'é‘ﬂ? AMERPESHE. 30 FI G
5 is a top MugV¥bSdrbinbnAdaE Ny ur'ﬁﬂt?llﬁtré&iﬁs Eonprsing thatliid BB wricABEhGI N9 a
spring according to one enbo t he priesent invention. WO 00/ 51200

PCT/ US00/ 058l tie rday alaorbsngamtedel \Ai spwngfto talrﬂe irf placiogl tbmgmné plane ot ur e
enbodi ment ngstgnt%%llP' ﬂzﬂlgf)gf Oe];qog %S&%legs% dﬂrl§ ol de' Qngd m thgnbOdl ment  of

t he present 1 nhve C Vi ew O an a enn

structure whieneismdafted g5 belfsldgal and emplogipy ahe amennarstuogre © eogveddedi ment  of
the present invention. s DESCRI PI TION OF | LLUSTRATI VE EMBODI MENT
10 signals, whereby the ground plane is adapted to improve front to back isolation of the

flexible antenna structure.

BRIEF DESCRIPTION OF THE DRAWINGS
15 The following drawings form part of the present specification and are included
to further demonstrate certain aspects of the present invention. The invention may be
better understood by reference to one or more of these drawings in combination with
the detailed description of specific embodiments presented herein.
It is to be noted, however, that the appended drawings illustrate only
20 exemplary embodiments of the invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally effective
embodiments.
FIG. 1 is a top view of an antenna structure according to one embodiment of
the present invention.
25 FIG. 2 is a side sectional view of the antenna structure embodiment of FIG. 1.
FIG. 3 is a side sectional view of an antenna structure encased in a
nonconductive layer according to one embodiment of the present invention.
FIG. 4 is a perspective view of an antenna structure in its folded configuration
according to one embodiment of the present invention.
30 FIG. 5 is a top view of the antenna structure in FIG. 4 further comprising a

spring according to one embodiment of the present invention.



In a nost general aspect, the invention conprises structures for inproving
the reception of broadcast signals while maintaining a small device size.
In presently preferred enbodi nents, the invention is designed to mnimze
mul ti pat h %6(3&%1§00and to thereby increase the front to bagk, sdeghdk,; ratio.
Wil e the invention may be beneficially used for other applications, such
as personal communi cations services and cel lul ar devices, nobst of the

fol 'owi ng descri o8 AL SEL WRGSof BE fé,lﬂé/o'e:&&éxﬁﬁ s{r%:tgx‘ére'ﬁﬁ)oﬁfme%poﬁpf(fmna
structure for use In s applications. For any application, the greater
the front tdndidedf arcattaimer dcherdingss ond embodiment 6IRBe presmt inventiveeds to [ ock to

the satellite si | s. To be. useful. for. a broad yange qof GPS appligcations,
it is desirable ?" gghg\}sea gorf Sehsmat View 4f a0 antenge ﬁ{'?%%f h‘@leéeé'? ifel &B‘é“ i gnal
within a fewgRGORMEre abrotdifgio dne eRBEKmERIJf theQPrestht ifRALI¥AS found to
consistently allow the recelver to nmeet this goal. In contrast, a front to
back ratiso of 3 dBs or lower could result in a receiver that takes several
mnutes to lock up tgpdERriToN Bt ROrAWRMoDMENIY Mr e, many CPS
devices are portable, requiring relatively conpact and sonetines flexible
ant enna struct ur &sa nidyt geaembaspeat,ahbinvadtion Romprisea dauctabs for ivnprgving tler i al

(RAM and at | east e radial to forma ground p e, a,grqund pl ane
oty ng ¢ HEhEb ehropdra el valeGeaing  swbl Bvise Gk T ressboBo back
i sol ati on WhiréferréPériodinény) tie S0VBton AENdsERed tZ MiniMAM hilhipdie Bifeds Akt s to
suppress surface currents on the ground plane, which in turn reduces back

si gnal s. 10a ttheselyh inegepchake Sionte to dark signeleratiohj Whilesther yyemtions mapvbeenough
such that el i.eal c f . ialS,d Egﬁg : he. RAM
essentially %ﬁ%?agl? iur?g‘I fg&"és% i%’bngc:dgﬁ ﬂgﬁt}'hvaeg g‘l’rgtﬁép Vo ?@gt@#g?%r%lggsef fect
i mproves on danieeclulandeviaes,3mofasfkihe Salleting desofiptidne desotimas e syehem inhen

taken in conjunction with RAM s abili t o..suppress surface currents, the
; e G
present inv & 2R Bntefiip SIPCRuTS A9 UsG %ﬁP(PHCZH‘ioB‘her WO 001 51200

PCT/ US00/ 05267 7 Fdﬁﬁl{yeGPSfaEbIm{i&{,itﬁE‘ giehtet the frnt & Badt afd, aRe fesé fig@d he
detrinmental effects of back signals and their correspondi ng el ectrical

fields. Purt@RYressirer ngefsitp dookia theesateilise signaks. | B bhnefidercr brapdsraggeef i n pri or
art ground Rb@NEsichidRs, RAVaSRAe D niie RESRE Mat LAVIBEE IoMe btellid nd

fl exible, nd‘agg%%s}gqugsﬁtl y %y lgetgladapt ecf?‘?eo?{attjse L:an g’ v%?aﬁeeﬂtl;gg%mg .
appl i cat i onswittén d éycyecdrald. Befrantto Fecloratio of [1) dBs was fsind ta @ypsisteftbnalone vi ew of
an illustratjve enbodi nent,.of the present Jinvention. .Anten 10 is centered
on and in el8efFFEY] toc%???i\rﬁ geﬁ]’t ﬁngf%tfﬁsi%l adlr%{’\rﬁzo gﬁ& r@l%l?hg (ﬁfsacﬁgo‘ﬁr consi sts
of RAM 14 i nbelspailsiach wtdilerabaahiley ssead eainitadioalosk up td Ghe GPS lshtklfite

enbodi ment, a high degree of performance is achieved with ground plane 12
in the sMapeigflsa disc. As seen belowin FIG 7, other shapes may be used
as a matter of dgshimGRORGE GPRAKIMR LR/ IS ek frifeHllAydb sahblolithe
properties and may be us’eféﬁl?yn ?ﬁe vﬁr esent %n{c/’en |%n£§sa RA 14PEICRAM 14 can
be made of anmenmeschexiile miennh swiictigepat es el ectric fields or el ectromagnetic

fields. The specific. materi,al that is i.s ¢chosen dep on the denmands of a
particul ar appli Iggtqsg‘ﬁ.a ?or'lnbéﬂatl@?eoﬁrﬁ %?bsgﬁ%?ﬁ%ﬂ%,% T’gl %tgeaﬁt ¥ bon

| oaded pai ntradifiab form sSgro@deslaeh groand plasd ¢miodyink fthd preseneirbadbiBble t he
substrate does not contribute to the function qf the ground plane other

t han bei Hg d°8¢H§VsEe04 fent bagknisplaonwhiss waintaining, g sppld devicesiee. R of a
conductive i3l i i Lt G0 The

parti cul ar rarRacBREBhss e Apeie 8 1 AL el P e

per f or mance batk sigmalgrAlthodgip RaM has spmie fresistanté, \this sesistanpgyisdew ehmighadihal s ar e

el ectrically, conductiv In_.order to achieve, desire or mance | evel s,
radial s 16 t‘_gﬁcgmfalrlu cg“fegtctof it ﬁlra‘({,‘ﬁlﬁjt'éc?’ftwdf‘?'l t&&r@gti%g% P r‘F@sePﬁ%llyal s 16
t hrough RAMsirflulatsngON€soH8C Bondadtivefdidkai B akdl, s bffet @hfioVes sitdhe GRAE ACt . AN
exanple of a material that radials 16 zs may be nmade fromis sol der w ck.

Sol der witck hagk isplatign &f theantenng sysiern| Bebep fakan inconymetien WileRAM s abjlityabi | ity
allows it t [ . ;

it ai ni ng SRR, SRS sulbelP ARl B Dfre bRl TERIORRR
design choice. For exanple, in alternative enbodi nents of the present

i nvention, both RAM 14 and radials 16 may be physically connected to
antenna 10 rather than to each 30 other so long as the electrical effect of
the radials is extended through the RAM sinulating a "solid" conductive
disk WO 00151200 PCT/ US00105267 8 In this enbodi nent optinmal |evels of
performance were achieved with radial s 16 sized such that their effective
| engt hs were at | east one quarter of the wavelength of the desired (i.e.,
the GPS) frequency. Wth the desired L1 GPS frequency of 1.S75 GHZ, this
equates to approximately 9 cm Wen the dianmeters were shorter than 9 s cm

- o, .




Specifically, in this enbodinent, ground plane 12 is nmade froma 10 em

di aneter disk of' RAM 14 with four radials 16 spaced evenly throughout.
Using radials with dianeters |arger than a quarter of the desired

wavel engt hy@dpRzidaet result io in a significant correspondiorgsoneseease in

t he performance of the ground plane. The | ength nust be increased
significantly before it has a substantive inpact on the performance of the
ground pl andegrdéaufrisabsion ¢f thh attathedantermb froarihalsrihestabeffeotsef backesignalse | npact .
Though, the nunber of radials used is generally proportional, K to perfornmance
of the grouff ﬁS‘F’éﬁ%’,’eSP%“dc“PGeelﬁfé’P?aé§5\S‘ﬁd%ﬁ5h?fﬁ&9FEe§§‘ékq e é?é‘f‘?‘?fr indlreialei s

non- i near. yaRkaRXBEPCpriok Brt i uhd SIHRRS! B RIAM &Nl thé ?Fbrsedt RVRASER | N
performance occurred with the use of up to four radials. However. a
subsequent Ygifsangnlexiblepand oronsaquentiynmag abee adentesd et uescdmra atiéty &2 or nore
radi al s are_used. Ln thi odi ment, four radials was chosen to bal ance
perforna%ceawﬁl?%mr%%‘?fﬁf%g rgi8:)l8m)| exity. Fewer radials correspond to easier
zo manufact uri ngri@d idudiia@h aciep iseienatic ehan e dlusfratii daboldinyent of tHee gr ound
pl ane itself. Finally, higher |evels of performance was achieved with

radi al s 16 Brgeswt yovepime cARtERng khis sentered queandain elecrical gontashwith grewmdal s 16
sinul ate a gﬁg‘%}ii)uous ground pl ane better than if they are not evenly
spaced. This characteristic is nore pronounced with a | ower nunber of

radi al s 16. | n cerouad plasohd cqpistatof BV ild inthispdrsadswithaetjualls spaéedadialsn ot
evenly spaced, . the front t ack signal ratio i.s reduced, In alternative
erbod) et o 10 B eoEimek o 10 eBted ST neiirefie S elP IS B BB M D! ane 12.
I n these ins$?anteshaeata difc. t A€ sded GeRMsinlIBGM7| bthbreshapsrhaneslusshias@ ot her s
wi |l be | engthened. -The shortened radials w. Il not function as well,

parti cul ar | jafer ofiesigihefioicen dpny apateials have radip plisarbingnpipperlics agd mayde

wavel ength gfeqtifendpRbdng thviftid RAWERCY4. Ry Anghhenadyd gok! aatgﬁill not add
much, if any, inprovenent. WO 001 51200 PCT/ US00/ 05267 9 FI'G

i || ustr at eswhichidikeipgies tlednafields envelertromagndtic dfistdsaflhe epeeifisoutiterimhthabfs t he

present invention. nductor 20 i.s coupl ed between.antenna 10 and ground

Dl ane. 12°] n CBPHE Rep g i 1 P of (A RREERL AR CBUThedd Ehe IR ement s.
One materi gbmswntgaxhl RAfvpmdf&gic_Srbulfma&ai &Qﬂjdglﬂsisﬁfhyﬁp@ﬁh h()'a snmwat_e.olnﬁugti OE
epoxy can be used s provjded it is conpatible with the nmaterials in the
antenna, gr B‘EI‘H%d“BF“a‘ng‘F SYRirate, does ot a%rﬂg‘aem%f“m“% 9fj the @r R¥E. Q her
materi al s MpieDBasEifCs SrafOfor IRIRANIRPLAAL bON as a matter of design

choi ce. For exanple, mechanically claming or soldering antenna 10 and
ground pl ane 12 Redidlsi1queteknads ofie bonduftivg maeridl audare ait elscirienl gbntagt mathi ve
enbodi nent gf ent i nventi,o ereln ~o _an na ;1 gund pl ane
12 are €ncl gsAé\{l:I qgm ﬁ?}‘lgﬁarél%lfrnlé’a%ﬂéls ats:r,\a*r%bals\’i)@%f Oﬁggsgﬁf?r%%? g%f?ic g@}ei ve

mat eri al supérf@maideasttthe grotd pland signiGtAntinNeo Ibilg anthegtadididcirptidtificalls i n a
non-conductive naterjal allows the invention to functional in adverse

envi ronment 8P°AUEHRE; ¢ Rodenip iaRbigYe ﬂ?%%bé’_f”f@ﬂ?’&%@"ﬂ%i rﬁ@a'de'@_r BY¥d® Pependi ng
on the demagdsiedl cBnB@ WiERAR 14PPWeAMd RRialCtd @Fough FANIAl ¥ @neBRAdI Ment s
of the present invention include ~ s encasing onlﬂy antenna 10 or ground

pl ane 12 wi way rof maindsining tlepueledineal censaang AnFgxample ¢f| 4 meterial that redielsdébodi nent
of the present Jnvention .n ich.th round .pl ane i ted t.o.be fol ded.
Soneti nes it a’&sbed%g(?er g%xpel >For erg?vbcl]f hdg%l?gn‘é'm%zlg Zia@ee a%ovﬁegfgss glf%‘fl‘éa"gnd

fl exi bl e. FesndaxtivEplis,pliabiliglows attb ®8 nitay edsélf woven thidightReMadt eth&
structure can be placed . into or stored within a container (see FIG 6). zo
In this enb8¥thedho! majntaining elegticalrsontaghtses FES-g)gnmn bp ssderscamaier ¢lol ded.
RAM 14 is iphe ¥ | i b S Ibo¥i [ t ifkadiisd 6 are
made of a hllaglJJ élﬁ%ghl uf;&%%@kllghlﬁgg#aﬁgsgeﬁgoglgﬁ {r%g'? H{egﬁ-%gn 65%92'[ r’ggéed when
t hey are beRAM &4 enthdialsdbendybeqhpsitdilysohmecfed taladenna d  uatherghanite eadhze of t he

antenna structure even further. Two benefits.cont | at.ed for in GPS
appl i cat¥o ngﬁ’ﬁ? & é%easotlfhe ﬁ;ﬁ‘,‘mcﬁlgetﬁ%ﬂ ofghes gk, e%@ﬁfikg?%sg‘ﬁ fﬁﬁ)’lg h

modul us r adisiphfatih aZedlid céiub@Vesdikn springs and return ground plane 12 to
substantially its original "flat" configuration (see, e.g., FIGS 1 and 2).
FIG Sillustrates an antenna structure as illustrated in FIG 4 further
conprising a spring according to one enbodi nent of the present invention.
Spring 4U 30 is attached to the circunference of ground plane 12. The

met hod of attachnent is a design decision and may he acconplished, for
exanpl e, by sewing spring 40 to RAM




WO 001 51200 PCT/ US00/ 05267 ZO 14 al ong the peripheral of ground plane |2.
Spring 40 assists high nodulus radials 16 in returning the antenna
structure to substantially its original configuration after, for exanple,
the structygsehsadc! ded as shown in FIG 4. Spring 40, whefrgdobasked to the
ci rcunference of ground plane 12, can Ige used s to return the antenna
structure to substantially its original configuration even when radials 16

are made of | ow WP dtbodBh&k bAimMUSRISSST petfbRiies witerBhievedSwWititiRidiaty Ck. An
advant age of using | ow nodulus material is that ground plane 16 coul d be

f ol ded i nt o 14 sizad pychihas their gfective danaths wereoat iast ong qutics ofihe &varelenatiheigh
nodul us mateg ] al : } S Wihkl.de Vv f e nna
structure 01(3 ﬁ‘llzﬁééredﬂ:fhi%ﬁsd? edgi)%#ﬁ%@g’réc htvgvlnﬁet?e %%irgdclz\%ngi nlge({uglmg/ncgelr l{egr:?tbsgdi ment

of the presdiiiZ,thiseqhitesto approkimatelye Otvadi Wheh the diemetndsemna sisirteridiatge may
easily be transported or stored within contaginef. 20. ILf is thus necessary
to have dn é’m’eﬁﬁaf@f“r l}E‘tE‘P Figad! HgiatigR @)‘Pg@%dépn Ség“bé‘@!%i}ée#%mgi guration
W thout per npAgRtdnYe. def ormng the radials. As discussed above, when

rel eased fromcontainer 20, radials 16 return ground plane 12 to ~s
substanti al | y it Spesificglinain this| embodiroent.i graved plane (13 de made from g 5em1 and 2) .
FIG 7 illusg Sy o i f i h esent

i nvention w &ggs%%aég%%gﬁg% %11 goﬁl\é rﬁcﬁé_ﬂ?.}ﬁ?ﬁg&?ﬁe&? #]%Hﬁ[og%%uﬁi g%s &ach

radi al is thadias sitardi=ndoes iween thahe @dae «dfthd dsirgl waveibnpthadves aotdeduite cent er
fromwhich the radjal origingted. So |opng as there_s at zo | east one
quarter 8f 40 M{E@%ﬁ'@h%“ﬁ%ﬂ@% erraseo e BRTormncs 6 BRI alhehe cent er
of it at alleh@l Mugs bé MRrQEQUEEniBLAMG S ifl nhdAChbRMtAVR! iinpadthdts thet Ni S
enbodi ment, which features a square-Shaped ground plane, would function at
desired | evaesomfanpeefithy gravndeplans. | ong as the sides are 1/2 the wavel ength
of the GPS frequ . i £als. . . n ng 12 woul d
per f or m subst ant ?%f%f/m g{et e gghgﬁg?g;“aggﬁ eﬁéﬁﬁ'ﬁ%%fah%?%@é@h%}cadi al s

t he | engt h ofumbedefuradizl? usedlss pemetdllypecpoativonmbto fekfernsanea obHthe gramdglanktane 12
must be increased significantly beyond that ofra cirgle wwth a radius equal -
to 1/4 tHe WK EPERVIIRG MHESGIL PPUPPE e ARy PG hal¥ TPt Pl of fect
on the perf QpbBdiaRnkighifiart McPdrkdsAn perfétiifafiée0scBurrdd Wighthe hiSe sRlpAbIify& Yy snmal |
size of areas_ 14 of square ground plane 12, areas 14 do not contribute 30
subst ant i velrgdigly Hpweyse arsubseavanesubstantine ngrfommacingicase does/ gyt 0ogus pHO

PCTI 1 1S00/ 0 e a matter
of design d?(%%inior]%gd e?ggn%?hg??@ 5%§° gfglghfr?gf bﬁg%%;kggwﬁlb?%??éoﬁlﬁesi red

| evel s of peefformmacc evithf mg¢ianahl tchmplesity.al Bevear eradialsl earsdspdiid4 td easisvavel engt h

of the desired frequency.,. 00/.51 200, PCTI 0/,05267 1 ALMS: 1. An
antenna &tr J%Wﬁétugw ’%&%{Pﬁ °£meém?é°a%51§ta ny g’ergé%‘é‘ﬁ\?%‘ﬁ Fﬁl\@acast
signals; and a gFaidng hjiendewriseof pdrfomnbnte COANRAICEH wathtMdiaBNieeeraly t he
ground plane s conprising radar absorbing material and at |east one radial

in el ectricapacedibrgeghops the RAM o &venlysorase melistarlérsimplats 2 vpriingeisenna
structure | nygindlglint be1ah&! 1 thdlPard WP BRALY aSdDSHAD LhahdidtishEN RbRI on the

ground pl ane.
pronounced with a lower number of radials 16. In certain configurations in which

25 radials 16 were not evenly spaced, the front to back signal ratio is reduced.

In alternative embodiments, antenna 10 may not necessarily be centered on
ground plane 12. In these instances, some of the radials 16 will be shortened while
others will be lengthened. The shortened radials will not function as well, particularly
if the shortened radials are shorter than 1/4 of the wavelength of the desired

30 frequency. The lengthened radials will not add much, if any, improvement.



o 3. The antenna structure in claim11, wherein the effective Ilength of the
at least one radial is substantially one-fourth of the wavel ength of a
desired broadcast signal. ~s 4. The antenna structure in claim1l1, further
conprisinguh flsydogt! ity of radials in electrical contact wdriusede2gr ound

pl ane. 5. The antenna structure in clabm 4, wherein the plurality of
radials conprises at |east four radials. 20 6. The antenna structure in

claim 4, wherei nFid1@ illastiatdsa slile sceHasud diewy eNhy illusfraivgenibodiniendl 3f tRbsor bi ng
material. 7. The antenna structure in claiml, wherein the at | east one

radi al is zBregsyEyeRtiono fondugter 2048 reppiadhsiwaen gnisarat] and graundmianeddt enna

structure i ghal B il Roidal o @A AUerARAABI Y TBHERI. AlofeORElZeS @
conductive materi al adhered to a non-conductive surface. 30 9. The antenna
structure i suitbki for |thiswiseriei conduvdomrepexyna Amynpondaetiona el céanabet aseda. WO
00/ 51200 PCT1US00/.05267 13 .10... The antenna structure in claiml, wherein
the broaacagfovgﬁegﬁasscoawé“@ Sy hpgRteAminge PR epd)PidiegAad e s 11,
The ant ennaggtdctiGd UiificH it GAIRBE thountdAeT ©tiker tHRefHIOWRE B 8d1etddS ferUlast antial Iy
circular. 12. The antenna structure in claim1, wherein the at |east one
radi al conpepmlisatian #ha maten efsdesianethoise: Eay expraple; meehpaicglly glaappigatie i s
adapted to I N ' y a flat configuration
during use. ?@g&&%%g ant ennrg%g({hrng?faﬁggfP%H@ﬁ%c?gaig%ﬂ'V\herei n the ground pl ane
further conpri seBl(a 39pustrags thalteruative embddiment efttbe piesgpt inventgmpwhelejpl ane t o
substantially its i original confiquration when_rel.eased durjng use. 14.
The. ant ohinasdeRrdand e PRI dhie i EREAGPE AL TS 1 M o0 (o be
fol ded, andppieshdasibidm@sermviichadplagicl Endlobih@hnteafi0GHa gfouRdplEie i@ use; and
zo wherein the ground plane further conprises a spring that will aid in
returni ng t haogeendueliveanaieriod albows the inyention to fungtionsl incaswensqyenvironsentsihen
rel eased durj ng: . el HF; r 4. = Al t her
conpri si ng gbﬂr%hoégﬁldtll}c i%/se‘41 S a%?a{‘ %géé{%}rlega;bee?&%@léga%ﬁrqgh r?gm%%ndg%

particular application, other alternative embodiments of the present invention include

15 encasing only antenna 10 or ground plane 12 within a non-conductive casing.

FIG. 4 illustrates one embodiment of the present invention in which the
ground plane is adapted to be folded. Sometimes it is desirable for ground plane 12 to
be compressible and flexible. For example, an application may require that the
antenna structure can be placed into or stored within a container (see FIG. 6).

20 In this embodiment, it is necessary that the ground plane can be folded. RAM
14 is inherently flexible and is easily manipulated. Radials 16 are made of a high
modulus material and are sized not to be overstressed when they are bent. Ground
plane 12 can thus be folded, reducing the size of the antenna structure even further.
Two benefits contemplated for use in GPS applications are ease of packing and

25 storage. When released, high modulus radials 16 act like torsion springs and return
ground plane 12 to substantially its original “flat” configuration (see, e.g., FIGS. 1
and 2).

FIG. 5 illustrates an antenna structure as illustrated in FIG. 4 further
comprising a spring according to one embodiment of the present invention. Spring 40

30 is attached to the circumference of ground plane 12. The method of attachment is a

design decision and may be accomplished, for example, by sewing spring 40 to RAM



16. The antenna structure in claim1, further conprising a nonconductive

| ayer that encases the antenna. 30 17. The antenna structure in claim1,
further conprising a nonconductive |ayer that encases the ground plane and
t he antennewO?o/g{\goOO/Sl_ZOQ ECT/ US00/ 05267 14 18. A net hod&fudddindagy an .
antenna structure conprising: obtainingyan antenna structure conprising: an
antenna; and s a ground plane electrically connected to the antenna,

conprising r @g?; ' ; : ' LRia6l gct rical
contact wt hla? ﬁ’rggr a a?lpgélg%gr@g&)%d ﬁilan@m %mba@%gs'lwglﬁgﬂgﬂth %%E?fssl??uct ure

Ing material enpl oyl_n(]; _
to receive bnoddongithe angermh structhre rte isybstantiallyr wuergingl gnefigusatind afier dort o

I mprove front t ck isol.ati of, the ~ ntenna structure. 19. The

met hod of cleé?lﬂﬁi’g,ge éﬂ'&ﬁ‘éﬁ lﬁtfqlﬁéb %;g%%lg tla’s%gnal s are d obal Positioning
System signal s. Brird040, When skchaddo He cirb@hferehSe ofdreuiplarelie, @h®dnsedpl ane

I nproves on the front to back isolation of the antenna structure by

suppr essi’ng 1@ GFPACRe aYFMBRCYR toubypiahy its oggmaepnliigyration evemwhephe et hod

of clai m 18, Wi iR rlad€ of bR Hhodufus DR iaP iR sttaR@ANEOR doRielyickO Aneast 10
dBs when neasured over salt water. 22. The nethod of claim 18, wherein the

effecti ve | edniagobf tdueg lotv thedudits material sdhatlground plese 16 gould bofoldddenteavel engt h
of a desired brpadcast si l,..2z5,23. T net hod of, .cl ai m.18, wherein the
antenna str l?(,sfn(?ﬁ%r Ha%falgﬁg?ggﬁﬁ%?lf iggerﬁ ”B*}%gf%?m lflgh gnpd\izlg%ﬁngﬁeg%i n electrical
contact w th theFI@daNusiates b 8ide §ewpifelid folded dtennhReudteicROBI® 4 igtiad o0 23,

wherein the plurality of radials conprises at |east four radials.. 30 WO
00! 51200'°PCFPUSinE) 38 23sordingoty ongembedimsat Of the Arereni3 nvEpianei dnt e r adi al s

are spaced %ﬁﬁ)ﬂﬁiﬁxeﬁbrtﬁyg@}e&f@_s{ﬁ&% ABP Wby Be MRISErRL - o SrorehN GieiEL hod of

claim 18, wherein the r i's woven through the radio s absorbi ng
material . 2zontgine Hetlhisdhwinecdssanniolidye aharaing strinurg oy mdy bk alaeed is a
subst ant i al leck%igétf: lcjcl)n"%irgilration without permanently deforming the radials. As discussed
above, when released from container 20, radials 16 return ground plane 12 to
15 substantially its original “flat” configuration (see, e.g., FIGS. 1 and 2).
FIG. 7 illustrates a top schematic view of an embodiment of the present
invention with a square ground plane 12.
The effective length of each radial is the distance between the edge of the
ground plane and the center from which the radial originated. So long as there is at
20 least one quarter of a wavelength between the edge of the ground point and the center
of it at all points, the ground plane should function well. Thus, this embodiment,
which features a square-shaped ground plane, would function at desired levels of
performance as long as the sides are 1/2 the wavelength of the GPS frequency.
For practical purposes, square ground plane 12 would perform substantially
25 the same as a round ground plane 70 with radials the length of radius 72. As
mentioned above, the area of ground plane 12 must be increased significantly beyond
that of a circle with a radius equal to 1/4 the wavelength of the desired frequency to
have a practical effect on the performance of the invention. Therefore, given the

relatively small size of areas 14 of square ground plane 12, areas 14 do not contribute

30  substantively to the performance of the ground plane.



~0 28. A nmethod of using an antenna structure conprising: obtaining a

fl exi ble antenna structure conprising: a patch antenna; a ground pl ane
el ectrically connected to the patch antenna, conprising radar absorbing
material, iwoewfiheoral ity radials in electrical contact w edrosvensatar
absorbing material, a spring to aid iniplacing the ground plane in
substantially a flat configuration when rel eased during use, wherein the

ground plane is aikgtskapes maiaee ﬁ@ﬂd@cgrmaﬂqnlﬁd lem@b%&@ﬂoﬂd&ﬁgﬂﬂécﬁﬁm
structure to_recejve GPS si rreby the ground E)E%nels adapted to

i nprove front® eﬁeootb%{ékaneéar%ﬂaﬁn@fwlweel# ﬂw%ieéelaﬁf Bsffosmance iallefdhe 29, The
met hod of clgk;Rk 28 at WA 2 Me wa@elé ﬂi@ﬂtﬁe fr&fiettlygh modul us is material.
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2. The antenna structure in claim 1, wherein the antenna is substantially

centered on the ground plane.
10
3. The antenna structure in claim 1, wherein the effective length of the at
least one radial is substantially one-fourth of the wavelength of a desired broadcast

signal.

15 4, The antenna structure in claim 1, further comprising a plurality of

radials in electrical contact with the ground plane.

5. The antenna structure in claim 4, wherein the plurality of radials
comprises at least four radials.
20
6. The antenna structure in claim 4, wherein the radials are spaced evenly

through the radar absorbing material.

7. The antenna structure in claim 1, wherein the at least one radial is

25 woven through the radio absorbing material.

8. The antenna structure in claim 1, wherein the radar absorbing material

comprises a conductive material adhered to a non-conductive surface.

30 9. The antenna structure in claim 1, wherein the antenna comprises a

patch antenna.
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10 wherem the at least one radial comprises high modulus material;

10 wherein the ground plane is adapted to be folded, and then assumes

substantially a flat configuration during use.

13. The antenna structure in claim 12, wherein the ground plane further
comprises a spring that will aid in returning the ground plane to substantially its

15 original configuration when released during use.

14. The antenna structure in claim 1,
wherein the ground plane is adapted to be folded, and then assumes
substantially a flat configuration during use; and
20 wherein the ground plane further comprises a spring that will aid in returning
the ground to substantially its original configuration when released

during use.

15. The antenna structure in claim 1, further comprising a nonconductive

25 layer that encases the ground plane.

16. The antenna structure in claim 1, further comprising a nonconductive

layer that encases the antenna.

30 17.  The antenna structure in claim 1, further comprising a nonconductive

layer that encases the ground plane and the antenna.
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an antenna; and

5 a ground plane electrically connected to the antenna, comprising radar
absorbing material and at least one radial in electrical contact
with the radar absorbing material

employing the antenna structure to receive broadcast signals, whereby the
ground plane is adapted to improve front to back isolation of the

10 antenna structurc.

19. The method of claim 18, wherein the broadcast signals are Global

Positioning System signals.

15 20.  The method of claim 18, wherein the ground plane improves on the
front to back isolation of the antenna structure by suppressing surface currents on the

ground plane during use.

21.  The method of claim 18, wherein the front to back signal isolation is at

20 least 10 dBs when measured over salt water.

22.  The method of claim 18, wherein the effective length of the at least one

radial is one-fourth of the wavelength of a desired broadcast signal.

25 23, The method of claim 18, wherein the antenna structure further

comprises a plurality of radials in electrical contact with the radar absorbing material.

24.  The method of claim 23, wherein the plurality of radials comprises at
least four radials.

30
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27.  The method of claim 18, wherein the ground plane is substantially

circular.

10 28. A method of using an antenna structure comprising:
obtaining a flexible antenna structure comprising;:
a patch antenna;
a ground plane electrically connected to the patch antenna, comprising
radar absorbing material,
15 a plurality radials in electrical contact with the radar absorbing
material,
a spring to aid in placing the ground plane in substantially a flat
configuration when released during use,
wherein the ground plane is adapted to be folded; and
20 employing the antenna structure to receive GPS signals, whereby the ground
plane is adapted to improve front to back isolation of the flexible

antenna structure.

29.  The method of claim 28, wherein the radials comprise high modulus

25 material.



