; ~e3esrp4. 6Tr MI"  CYLI NDRI CAL FRESNEL ZONE ANTENNA W TH REFLECTI VE GROUND
PLATE BACKGROUND OF THE | NVENTI ON The present invention general

to antennas for el ectronmagnetic signal reception and transm ssi W”‘"’Wmﬂmm”m
particularly relates to cylindrical Fresnel zone plate (CFZP) antenpas.
Antennas formintegral elenents in essentially all comunication systeits or

devi ces. One notes that antennas run the gamut in terns of size,
configuration, in dependence on intended use, cost considerati orlmlmmmm"“mmn
i nvol ved signals of int@YIMDRIGALHRESNEI ROMRANTENNAWITA i ons, ‘a” cogmon

set of performance paranet er sSREEREETIVE/G PbAIEsentially all antenna
types. Antenna gain and directionality are, for exanple, properties

general |y of sone inportanc8ACKEROEUNDLANASEANYENTIQNe of ant enna
exhibiting relatively good gain characteristics. In contrast to flat

Fresnel zone pl at ehenpeasants Inventiarh geoerplly gelatesstpppotennag fai steclibmagaeticar r ay
of concentric Fresnel rings, CFZPs use a cylinder to support a verti cal
array of negaallreceptiongandatransigissien,Fansk patticuiage selatgadh cxlindsieakEresreli Hine a
general ly good omi-directional horizontal signal, making them suitable for
use in cerplatenlCE@mrantesnas.on syst em appl i cati ons. However, this
omi-directionality is not always desirable, particular where there is a
need to restrict dindermasfamm itegsal elements in esgeatiallyi aleammowricationctystesnandrght
be desired where reflective surfaces woul d otherwi se contribute to

mul ti pat h dévigest Prebinotas. thatdridennaisr Binethe gemuWbri terss &f | 3ize, oskapee@ngsent
such an environnent. Further, typical inplenentations of CFZP ant ennas
requi re soeafiguiatien iof defendergecorFririendad useneast sorgideraipngpand the invabwddance
with the signal frequencies and gain requirenents at hand. These

i npl ement asigrals of diitreste Mespiie such pbysieai syariations, ® common set of performance

parameters generally apply to essentially all antenna types. Antenna gain and
directionality are, for example, properties generally of some importance.

CFZP antennas are a type of antenna exhibiting relatively good gain
characteristics. In contrast to flat Fresnel zone plate antennas, which comprise a
supporting disc with an array of concentric Fresnel rings, CFZPs use a cylinder to
support a vertical array of metallic rings acting as Fresnel zones. Such antennas exhibit
a generally good omni-directional horizontal signal, making them suitable for use in
certain communication system applications. ]

However, this omni-directionality is not always desirable, particular where
there is a need to restrict signal radiation in particular directions, such as might be
desired where reflective surfaces would otherwise contribute to multipath signal
problems. Indoor wireless network installations represent such an environment.

Further, typical implementations of CFZP antennas require some number of
discrete Fresnel elements spaced apart in accordance with the signal frequencies and

gain requirements at hand. These implementation requirements sometimes result in
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undesirably | arge and, consequently undesirably awkward, and possibly
expensi ve, antennas. BRI EF SUMVMARY OF THE | NVENTI ON The present invention
provi des an apparatus for inplenenting an efficient cylindrical Fresnel
zone plate (CFZP) antenna havi ng good signal gain, |ow cost, conpact
package, and directional radiation. In an exenplary enbodi nent, the
inventive antenna is constructed as a sectorial cylindrical Fresnel zone
plate (S-CFZP) antenna. In such enbodi nents, the antenna conprises a ground
pl ate, a duedesgablycageppod,t cpssquerdiyedngssirplandivaotaad, and tpoesiblysexpeasive,
plurality of Fresnel elenments arrayed in vertically spaced apart fashion on
an i nner fantennds.t he dielectric support, a sectorial reflector positioned
on an outer face of the support) and a feeder positioned on the base at the
foci of the Fresnel elements. The dielectric support is generally
cylindrically shaped, and m ght conprise a cylindrical sector or a conplete
right circular cylinder. LiBRIEFSYMMABYRDEIHE INYVENTEDINS are general |y
cylindrically shaped flat hoops or rings, and m ght be conplete or parti al
hoops. In sone entihei presérst)intmitibn tirevidese be cppaatsd fgpompleamahtind enFefsiaet

el ements formcylindrical sectors, though not necessarily at the sane

sect or angtyiadridah Fresresl zmmeoplatee (CEZP)oasteona evingt heod wigmal tgaamdowr esstel

el enents formconplete cylinders. Further, the arrangenent of Fresnel

el enent s ocorhpect paciagef andedicdctibhal radiefi@ct Inian exepyptary emnbodieenhahevewantive
enbodi ments, and it is not necessary to maintain the same nunber of Fresnel
el enent s, omtebma issenstrudted Bms osentoripl b@inddeal Aresrel zome blate (B-EFZB) adiehaa.l s
regardi ng placenent and spacing of the Fresnel elenments may be varied as
needed. 2 In Badhaedbedsnartts,tthe antetrer compsgssciangroohd tfiate Fiaedieteictrie] supgpotts,
the ground plate acts as a reflective surface lying parallel to the Fresnel
el enent s, pdiitdnep pegemdictlaald tedase, a plufalibcofi Fresres elenrsents @rceyedfin sgntinalyr v.
Wth this surface of symetry, the antenna operates as if an additional,
symet ri ¢ gpaced|apayt fahibnesneh imternface ©f itkse idigkatiie supbripra sectonitd refiemdai t e
the ground plate. As such) the antenna offers the perfornmance advantage of
symmet ri ¢ pdsiticnkd tonean ofiteffaes rof lthee bgppont; and laufeedert posdiohgd balthe bhse atitheer
Fresnel elenents required for symmetry physically inplenented. Attendant
cost and sfozieofdisly Bresagleternérdsy from t he use of the reflective ground plate.
Further operating advantages derive fromusing the sectorial reflector.
Posi ti oned on t he Thetdieledtde supdort is gederallyecylinddicadiy spapdd, ane mightadesiprieel a
cylindrical sector angle) the reflector serves at |east a twofold purpose.
First, thecyliediicat sectoreahaosplae righinerogir rcylinder efllileeisen thee Fesshelosfamestsi ¢
signals fromor to the feeder through the portions or bands of the

di el ect ri carsuggperaily mylindriosityr sehpley flah bodpsesneigse bedwmiglst. beéSearopldte omhpartial
reflector bl ocks backward radi ati on through the portion of the dielectric
support covamped lrbgorhéembediments bothThe dielectre suphert and thedfmasnel ietepwntofoan

hori zontal radiating pattern of the antenna is restricted to a desired

sect or, orgylindnical sgeptossr thatgh ynoti sedsissaie catother samdesgatard asgles.or Irarodihar, by
use of the sectorial reflector. Use of the inventive antenna structure is
not |i m t eembadimeptar one ot hothalpplsuppent and Foesnel elementsaforrmampenpddgte cylinders.
applications. However, it is expected that the present invention will be
appl i ed t oFuthesrtha asangernented Fresnelislementsvarr e drrer ifate efdhendislestrid support
broadcast satellite reception, nobile conmunication, and various other -

wi r el ess nerige betwagnagrdbedimenisi and itds nappeédesazrydagnaiftein thr sapieenurmiber of
ability to restrict or otherw se reduce radi ated energy in a given sector
wi th the ifreems!ialementseante vse wpifone spacing ibebvess them. udaplemeniatien atetails AN
applications, where it nay be undesirable to radiate energy toward a 3
nmount i ng webarding padesrent and spacingofiihe Eresnpleelemerin mayibe yswied Bk oreded. because
radi ation in those directions generally produces reflective waves that
exacerbate nulti-path propagation within the indoor environnent. BRI EF
DESCRI PTI ON OF THE DRAW NGS



Fig. 1 is a diagramof a conventional CFZP antenna inplenented as a full
cylinder. Fig. 2Ais a diagramof a CFZP antenna inplenented as a parti al
cylinder. Fig. 2Bis a diagramillustrating a surface of symetry as used
to nodi fy CFZP antenna structures according to sane enbodi nents of the
present invention. Fig. 3 is a diagramillustrating the el ectromagnetic
i mage principle enployed by exenplary enbodi nents of the present invention.
Fig. 4. is a diagramof an exenplary enbodi nrent of a sectorial CFZP
(S- CFZP) accor di n(Regardless pf theemimbervangpacimg ¢fi the Fesre! @lamergs,aihve growdot her
exenpl ary enbodi rent of a S-CFZP antenna. Fig. 6 is a diagram of another
exenpl ary elaboaditeranta reflecivésOifatie lging @aredie! tBithe Fiesns! elerdestgy sinich plagsmeatt | ng
a variation of the antenna of Fig. 6. Fig. 8 is a diagramillustrating
anot her vanilevs dnoofunttion asibesuracefof Bygnmétry. Fiith tiis\-sBBace ef dymgretrys the
illustrating a few of the variations possible for the ground plate used in
exenpl ary Setehdd eperstamass if _an additipnal Osyrhinasicr plueditya of eiresnd! aelgmesignisnt ed
variation of a S-CFZP antenna. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 4
Fig. 1 ill isplemtetedeaorcanidnbppesite Byl drogiid phate. FrAasssigdh, Ziom eanfénas eoffe(3-#ie)
antenna 10. Such antennas utilize symetric Fresnel zones 12 and 14 that
are di sposeérformanppadvamagd ofvgymmetritiphablitesraiysesnel eleenentsndut itls @ntyf hadf
cylindrical support 18, where the radii of the Fresnel zones 12 and 14 are
t he focal tenyiniberfFrédnel aletrentsaredGiredlioadymimetraiphysicaligtimpleasntdd. t Attendaytpe
are either conplete or half cylinders and provide omi-directional
hori zont al costdndisizeradpantbgesfloneindretissluse oftthe rdfleetiver grabnd platen pl aced i nsi de
a building, such as in wireless LAN conmuni cations) the omi-direction
radi ati on of the dfirthenaopktatingaadvanidges delive frath usingn#ie seojpagatefleator.
because of) anmong other things, potentially strong signal reflections from
refl ecti vePssitibriedesn treaolitgr fdve airthe divdechic skpppur @ser 2°Adesied 2ylindricab secidre
exenpl ary enbodi nents of an antenna 20 according to the present invention.
In Fig. 2Aangleethenteflactar 26rvenmprieast a twdfelddmurp@®, &irst, ¢hee ceflector amppoeds 24,
upper Fresnel elenents 26, e.g., 26-1, 26-2, and so on, symretric Power
Fresnel el entenhs gab, b reflectidfd electr@@agnetiangigrsats from antb thesfeetder trawbughefileect or
30. Use of the reflector 30 enhances directional radiation fromthe inner
face of thporsioppartbdhdis of the, diekextrivuppopdrt sot fcavered algy tige tAresrfeb exdiamer®, and
bl ocks outward radiation fromthe antenna 20 over the portion of the
support's Sataiddehd aefiectdndilocks mawkearl ragjativhethraeighetbe qrordth of thet Hiefectrignner )
t he antenna 20 can be nounted to a reflective surface, such as a wall,
wi t hout i t sipoangbveredidiyathengefienton. t lbusyathe athérwiberahyi-direationag honzeniale d
signal reflections.

radiating pattern of the antenna is restricted to a desired sector, or, more appropriately,

is blocked over a desired sector angle, by use of the sectorial reflector.

Use of the inventive antenna structure is not limited to a particular application,
or even to a range of applications. However, it is expected that the present invention will
be applied to antenna structures for use in wireless LAN communications, broadcast
satellite reception, mobile communication, and various other wireless networking and
communication applications. For example, the ability to restrict or otherwise reduce
radiated energy in a given sector with the inventive antenna structure facilitates its use in

wireless LAN applications, where it may be undesirable to radiate energy toward a



The thickness of the support 24 determ nes the distance separating the
Fresnel elenents 26 and 28 fromthe reflective surface 30. ldeally, this

t hi ckness is configured as ~,m4) where ~. mrepresents the wavel ength of a
frequency of interest within the dielectric material. Wth the dielectric

t hi ckness set appropriately, radiated signals 5 reflecting fromthe
facing surfaces of the Fresnel elenents 26 and 28, and those signals
reflecting fromthe reflector 30, which nust pass through the dielectric 24
twi ce, constountng well gr ptheepiréace qrbw@ﬁmnétm:@wtarmaelﬁmsyanwg beraidse fagiation in
reflector 30 aids antenna gain, as well as directly bl ocking unwanted
rearwar d athosandirestossi gererallyi gproduges | rafigetivgt evavas f thet h@?acﬁ%ﬁ%éﬁ%'ﬁtpag\‘ t he
antenna of Fig. 2A with the introduction of ground plate 34, which enables
ant enna 20 Prapaggiian withie therjadgar esweanmantent s 28 bel ow t he ground pl ate 34
by enpl oying the "image principle" known by those skilled in the art of

el ectromagnetic theory. Here, the ground plate 34 serves as a reasonabl e
approxi mation of a perfectly conductive, infinite ground plane provided
that it sized | arge enough relative to the di nensions of the Fresnel

el ements 26 and made of suitable conductive materi aI%\I such as zinc, brass,
al um num steel, etc. W tBRIEeDESSRIRTIONDE THE BBAWINGSed parallel to the
Fresnel elenments 26 as shown, the antenna 20 m nmcs the s?/rmetri cal Fresnel
el ement confi gufig.i bris shdagram ofjagcorvantional GfidMh aptenpa timplamsanted @ e fidl

el enents 26 physically inplenented. That is, with the ground plate 34

oper ating a#inder.eflective surface for the antenna 20, one need only

i npl emrent one half of the symmetrical pluralities of Fresnel elenents 26
and 28 ot herwi s€ig 24us paipgram oby frgPrantermadmatemeantedasa partial ¢yiRderat es such
antenna operation in nore detail, and denonstrates use of the image
principle as a bigsi2B is @& diagramiflusicpting e suriacel obsyanety asfused o Sidin ¢4 220.
Only one Fresnel elenment 26-x &;( =1, 2, 3, etc.% is shown in sinplified

f orm r el at BRieNDad struRiurgs @geardipd 4@ sorsa embpdintenid efihe Resedfipveniendi ng Fr esnel
el enent 28-x, which is not physically present but rather is depicted as the
"mrror inmge" &i9- 8liemetiagrag: iﬁustraltiug}hmﬁléﬁteormgmﬁélim@%ﬁ@m'plew!@@ém es a
position at height "h" above the ground plate 34, 6 t he i mage el enent
28-x is asSxermplatyenoeadiipgnta ofthemsesepbisivention. at hei ght h bel ow t he ground
plate 34. Fromthe perspective of a receiver R the resultant field from
ant enna 20 depefiifs 4ois 2 Hiegwint etan axrrepleycrmipdinael ofd esrtgrial £6ZR (SHCFZP)
conbi nation with the reflected wave fromthe ground plate 34. Using the

i mage pri n@fgairding tnidemsegeatindentifive may be assuned to radiate fromthe
mrror imge el enent 28-x. Thus, one obtains the field at the receiver R by
anal yzi ng the pFighPdn@ gipgeam shanater xempiary enbedimentofasrliF 48 amema. 28-x i s
physically present, and is driven by a current relevant to _that driving
Fresnel el enent FiBebis a diggrane s{anoihar expap@rpempedimest of a3-5idE ardenma.
implemented with symmetric sets of Fresnel elenents 26 _and 28 but w thout
the ground pl at Eig34)s a giagease jfusteating arvasiatiomef thp anteans ehkig- @0 i s i npl enent ed
using just one set of Fresnel elements in conbination with the _ground plate
34. O course, Figo8dsagiagrasyilpsirating apptheqyaratipp ebthgiantennBLf Figs8- of t he
ground plate 34_may change the antenna inpedance characteristics as
conpared to theFigpe@AhaEe dirgrares diuskatingsa Jewmfclbreyariglienfe Apssing foralhe; s
wel | understood, such changes alter, for exanple, the required applied

vol tage f oBrosng platsusast in gempleies-CREF@ENteNNas| ust rat es an exenpl ary

enbodi nent of the antenna 20 that takes advantage of_ the inage 'E)ri nci pl e.
Here, the antenhig- 29ilsiries 3 exeiRRayseopentada@ralionpfaetir<H @Hen ) | t he
ground plate 34, and the reflector 30. In such a configuration, the antenna
20 is relatively conpact, i.e., only the upper set of symretric Fresnel
elements 26 is inplenented, and directional by virtue of the reflector 30.
One notes that the supp@ﬁTpéth%%'ggmoé:l W\éE'ﬁE',O'\énd the reflector
30 are inplenented here with the sanme cylindrical sector angle "TOP"
defined by line segnents "TO'" and "OP." Further, note the vertically spaced
arrangenent of the set of Fresnel elenerts 26 on the inner 7



face of the support 24. The height fromthe ground plate 34 to the edge of

each Fresnel elenment 26, i.e., individual elenents 26-1, 26-2, and so on,
relative to the feeder 22 is given by the equation, z r" = nF~, + ~ ~ ~ |
(1) where n equals the nunber of the particul ar edge of Fresnel elenents 26
up to the Nth edge, Fis the focal Iength of the antenna 20, and ~, is the

free-space wavel ength of the el ectromagnetic signal of interest. Thus)
Equation (1 ) may be used to set the relative spacing of the Fresnel

el enents 26. Addi thignal lllystrateseree coheangoraleCylindoeall Fesne! ébrerdriate, (Eh&”wi dt h
(edge-to-edge) of the ith Fresnel elenment 26 is given as, w = rz~+f - r2r
~ (2) wherantenma 001 (Suzh antennds, utdizd $ymmetrineFrasnil zahed g2 tapdetydhatoéiret he
ith Fresnel elenment 26. Wth the above configuration, antenna 20 fornms a

S- CFZP ant dinpesesitin wpper andchlawenyertical @oays omakher ishérdface of 30yljndscalisoppalt 48,
wavel engt h- dependent di stance behind the Fresnel elenent 26, and providing
ant enna gawheraritie dadiecft the Faesrel zomast t2and Whiare thehfecaldéngdls tob the3antesna 10.
generally inplenmented as a partial cylindrical section (i.e., sector angle
i s | ess tharadBi6oalyegntsewps obrkis dypeaten eitier cumpiete tor 2bifacydintdérs &rdk proyide

el ements 26 nmay be inplenented as full or partial cylinders in any

conbi nat i oomnifieacticmal fiogrodal mdiation rpatiemi cantergd aat ttiean fegder HE. f Wiheorplazd
functions as a radiating el enent, thereby serving as a radiating signal

sour ce f orinsie aabuildingas@th asTmewirelesnicAN ebmmemicatioss, die ewni-dirastion radiation

el ectromagneti c energy such that it is rGUiuted outward fromthe antenna
20. By posofttherdantepnaht0 erddeghoates nBdlipatihsigoalt frepagatipo becadse ofadimming dbterer gy
is greatly reduced behind the antenna 20. Gbviously, varying the size and 8
posi ti on othingsepotenliallytstiong Gigral reflectidne feone seflectiveasurfases meathy thatamtersna20 at
whi ch radi ated energy is controlled. One of the many advantages in being
abl e to det@.ne one or nore areas of reduced radiation is that the antenna
20 may be mounted on a wall or other reflective surface, wthout

si gni ficant el ect FigighA andrizi dgiustraigi exemplatyaekbeadicentsonhad amtenm @0t i ng
surface. This reduction in backward-radi ated energy reduces the anount of
refl ect ed asvordjyg fortbenpresent invgntionr flaces RAL ther atignnacucormgyises la feegert22, a
propagation associated with the desired signals radiating fromthe antenna
20. As not didlectsicisupport Rhdipper breshelmiernénds R6es gelR6dl, @6¥napd 36 cnoswhmetrici vel y
interferes with the radiation fromthe reflector 30, yielding a higher gain
t han i s gelneeaFiegnalelérnertis @8ye.gh 28002842t anthad odi Pl @ sesterialneflestor 80atisennas.
In general, the antenna 20 is subject to nmuch variation in ternms of its
physi cal iofghemeftectkarid®renhainges diredtibnal tradiation kemdhainnef fackexf dhe auprori 2hs,
where the placenment of the Fresnel elenments 26 is opposite that shown in
Fig. 4, anc.wihersuppog suiaop daeng thef fegdenf2.0ancdblotks dutwape radiatiampframeitiewi t h
a "mcrostrip" patch antenna configuration positioned at the foci of the
Fresnel elanemas2@everAke padin of the swpperds oulsigegace thakis eavaeedy banefastor
nmounted or otherw se fixed to the ground plate 34, but is not necessarily
fixed to t¥He byhimarapnen thezantemia 20 gar be nountgdisda refleptivessyrtace| sught @slat o
nonopol e or mcrostrip patch antenna configurations, and nay be inpl enented
usi ng a vavaletwithept 8t steanglyntadipting fietediee walhand dhereby sgusingcinwmenied siamalous

di pol e configurations.
reflections.

The thickness of the support 24 determines the distance separating the
Fresnel elements 26 and 28 from the reflective surface 30. Ideally, this thickness is
configured as A/4, where A, represents the wavelength of a frequency of interest within

the dielectric material. With the dielectric thickness set appropriately, radiated signals



In this particular configuration, the ground plate 34 conprises a circular
di sc, which may be solid or lamnate in structure and preferably includes
one or nore conductive, planar |ayers, and which has a radius R
substantially equal to the radius of curvature of the support 24. As such,
the feeder 22 is positioned at the center of the 9 ground plate 34. O
course, the feeder 22 nmay not be positioned at the geonetric center of the
ground pl ate 34 dependi ng upon the shape of ground plate used. Fig. 6

i |1 ustr at eflectingfem ¢heefapihg syrfacasi altthe Asesoel dl¢reertint26rand 280 andHéose signals
support 24 is inplenented as a conplete right circular cylinder, and the
Fresnel el efledting #6mf thenrefteciure3® which ndustc passhttopsgh diee rdipledtde f2de teice,22
and are positioned on the inner cylindrical surface of the support 24. The
refl ect or Gihstrhcivelyeinterieet o asharice antgrinangain.atTihos, te raflgront 3G bids ydnterdhar ,
and covers the outer face of the support 24 over a desired sector angle.
Agai n, out gainchswell ag dicactly blowking enwanted near®@rd antenrzsdraissiord.| y bl ocked by
the reflector 30 over this desired sector angle, while the reflector's

i nward refl ecti ongig.c@@ilbistrates fze dther 2&firtearent tob thwastenaataf Mg 2miwith e was
noted earlier, the support 24 and the Fresnel elenents 26 may be

i mpl ement eidtraduatiss exftdralmd/ platy 3deethich anaflles batenwaa r200todelimipate thied Fi26Hel
degrees, in any conbi nation of sector angles between the support 24 and the
Fresnel el eemebts 26 beldivathei gourehplate 34 dyherhsleyisg pixotimagd peinciplel &aoveh by

el ements 26 may conprise a conplete cylinder or a portion thereof, in any
conbi nat i othosd-skjlled7inithé artof aleesomagneticdieorar Hata, divg granand diate 24 ssrvés asmt he
antenna 20 shown in Fig. 6 with its inplenmentation of a full cylindrical
support 24reaschabbrapproximdtidn ek pérfertie tendieti?s , infinite groyrdrplarad proyided thait ital
sections. While the sector angle of the Fresnel elements 26 is shown equal
to the secsizad argd enaifghtralativeefd thetdimeBsions of thhdresheb elerredies 26 andl ntduat oft he
two sector angles do not have to be equal. Indeed, the sector angle of the
Fresnel elsuitebliesoR6uctimy nieteripl esaich as zimenbrass, | ahssinumasteelhetcr ef | ect or sect or
angle. Fig. 8 illustrates yet another exenplary enbodi nent of the antenna
20 and, in conver th theagroomd platd-B4.pogitionéd paratlelttoshé reedrebsleralentd 2t s 26
as conprising conplete cylindrical hoops, while the support 24 conprises a
cyl i ndri cashoswag theoantefree2® edrhizs than gyremiical Ereshdl elangm aohfididation sHoemninequal
to that of the reflector 30) but it should be understood that the two

sect or angfigs2Aldoutatithnardyl theoudiper nese] elelrentsud physically doplemeategl eThadys, be
nore or less than that of the reflector 30. Wiile not shown, the forward
portion ofwithathe growshpbtec34operatiRbas i .reflectivd sunfamet foothecdntérina 20) @pe need
dianetrically opposite the support 24, mght be supported by a dielectric
rod or ot henly gopleveot ahe baléwEtite symametniegl hleradiigspofr Eredndd\elémentgrasuant @Bat e
34. As regards the ground plate 34, one notes that Fig. 8 illustrates a

r ect angul arthgywisegrequitaadior $ymametribepefationl ar confi gurati ons shown in the

ot her enbodi nents. In practice, variations on the extent and shape of the
ground pl ate 34 aFg. t3ollestetes] suiht hotenna iogaiation amimaré aletgils and dentosainates
performance. O interest beyond the rectangul ar shape of ground plate 34 in
thi s enbodisemithe bragerprinsipla ana basis fodandiyring B4 fielsr kehagiof of thecardsnna 20.
conductive wire nesh. In general, wire nesh can be used to formthe ground
pl at e 34 iQnlgoperiresiel glemept 286xpx,= &. 9.3, aid.) is| showndo tsimplified feranealative to

pol ygon, or in some non-uniformshape. O course, the same versatility in
ground pl dbe gsoundeplate 3y alongowith Wiee carraspending Umesnel atemedd 28, iwhidheisentt ed as
one or nore planar |ayers of conductive material. Figs. 9A through 9D

i |1 ust r at eehysicillysprapent hat eatheraisidepictats as theginduadinege! of element 26-x. Thus,

where Fresnel element 26-x occupies a position at height “h” above the ground plate 34,



configurations, but it should be noted that such illustrations are not
meant as an exhaustive catal og of all possible variations. Use of the
ground plate 34 is in generally beneficial because it allows the antenna 20
to mmc symetrical pluralities of Fresnel elenments 26 and 28 wi t hout the
need for physically inplenenting both sets; however, the specific size and
shape of it are not overly significant, and it may be altered to suit usage
consi derations and practical convenience. Fig. 10 illustrates

i npl enent athedmagke estérhénti 28yx isegssuichegr touradupy atreirroh apsitiemdt beigkt h belowothe Fi g.
10 is an exenplary, segnented version of the antenna 20 wherein the 11
Fresnel el gnoend plag634.t he diel ectric support 24, and the reflector 30 are
segnented. O course, variations on this segnmenting approach include

enbodi nent s wher e,Frowrthe xzengrestive bk aFeesinesl Re thentasuliaricliedd drosegntenta @0but
the support 24 and reflector 30 remain curvilinear. In any case, ease of

t ranspor t atépendy oarbe dissat malve frdivs Bres eeltelsment y26beingaimbithtioh withghe safigntedt | ng
portions of the antenna 20. For exanple) with the segnenti ng shown, the

ant enna 20waws/ from the gesmdmidte 34i nUsing theimage priinaipié athe veflegtesinwibve may bs,
thereby facilitating convenient transportation and storage. Were the
Fresnel el asseinted tRGadiate from teemirtardmage aleswant 28-xof Thusi arel obainsehe ieldtdte
nunber of segnents is chosen such that the segnented ring approxi mates an
overal | cuthegdcaiveapge by ahalgzingthespriobleti basedroraibp raspuinptian thahbresnefeleeeptent s,
the Fresnel elenents 26 may be fornmed as a ring or partial ring that

subst ant i a28-y is physically presertieanclisvditivenebyl @s¢ureedt felevanhdo divad| drivingi kEresngipor t
24 on which they are nmounted. Fromthe inplenentation variety illustrated
by the i nctlenledt 26-awiThggesuitaot field kpiakterdofi anteérima 20 f implementedogith synmbtc t he
inventive antenna 20 is subject to nmuch variation. However) its underlying
char act er i sat$ of Fofsndli elemenisrg and/ 28 mhat witheiti the lggoundghlatgaidn inessenbiallyi theent
across its range of inplenentations. As such, it should be appreciated that
t he for egos$ange iwtfeor astenren 20siseirphigrhentgd aising, jushone restilad frresnddeclerverts rined as
limting the range of applications and the variations suitable for antenna
20. | ndeed¢onbimationoyith thé grdupdplate8ht i nvention is limted only by the scope
of the following clains, and their reasonabl e equivalents. 12 CLAI M5 What
is claimed is: 1. Qkcorrseetinoae skiligd insthadgrt will gecagnidel thatcugeveidhel igedundtplate
support having inner and outer faces; a plurality of spaced apart Fresnel

el enent s dd4%peyealiange theeantems infpedancd charactdiistice @srdampugghtyr the free-space

characteristics of Fresnel elements 26. As is well understood, such changes aiter, for
example, the required applied voltage for a given antenna power.

Fig. 4 illustrates an exemplary embodiment of the antenna 20 that takes
advantage of the image principle. Here, the antenna 20 comprises one set of Fresnel
elements (set 26), the ground plate 34, and the reflector 30. In such a configuration, the
antenna 20 is relatively compact, i.e., only the upper set of symmetric Fresnel elements
26 is implemented, and directional by virtue of the reflector 30. One notes that the
support 24, the Fresnel elements 26, and the reflector 30 are implemented here with the
same cylindrical sector angle “TOP” defined by line segments “TO” and “OP.” Further,

note the vertically spaced arrangement of the set of Fresnel elements 26 on the inner



a reflective ground plate positioned adjacent the dielectric support to
reflect radiated signals fromthe plurality of Fresnel elenents; and a
feeder positioned at foci of the Fresnel elenents. 2. The antenna of claim
1, further conprising a sectorial reflector covering an area of the outer
face of the dielectric support. 3. The antenna of claim 2, wherein the
feeder conprises a radiating source antenna, and wherein radi ated signals
fromthe radiating source antenna are reflected outward fromthe inner face

of the di efsetdfitte SupppaArM. MhetHesyht @6inathée akounafdifte Baro &dedye dfkaciFasael
el ements. 4. The antenna of claim1l, wherein the dielectric support extends

per pendi cukrment 2b0Me, indRicuBP&IBGepisaler1, 2638, dritesd Bh | Reitive @ BiedidabenbAlse
defines a plane extending . outward fromthe inner face of the dielectric

support. S5givéhey#y equatio®f claim 1, wherein the dielectric support is
cylindrically curved. 13 6. The antenna of claim5, wherein the Fresnel

el ements are cylindfi urved to conformto the inner face of the
dielectric support. }i{i’?égant enna of claimb5, further conprisingf

sectorial reflectoN posi\tzgnéd on the outer face of the diel ectrlc(‘, support,
and wherein the sectorial reflector is cylindrically curved to conformto

the outer {waer PeqlidetHd RIrBiSdrdf thes paRONIAr edie offFResl BRARNES 26 LBitdnthk Nth
wherein the dielectric support has a naterial -dependent thickness of

appr oxi mat gdige, gnie -t fRichElenyR \6t tien siitBni£P@tdndel lsGhafreBlspatd AEREIBRIth ©f fegnal
frequency of interest. 9. The antenna of claim1, wherein the dielectric

support cogmEir&Ragridic | skival ofinReEdt! thu@f Eauétloﬁr(ﬁ) ﬁ{a&%& Bled-dd s419RS r Iétﬂ/e The
antenna of claim % wherein the Fresnel elements each conprise at [east
portion of sgadidgiéiting FrésnkbPélemehis Y. | ARitidnallg -where there are a total of 7 elements,
the width (edge-to-edge) of the ith Fresnel element 26 is given as,
W, =ry —ry, (2)
where i = 0,1, 2, ..., I, and W, = the width (edge-to-edge) of the ith Fresnel element 26.
With the above configuration, antenna 20 forms a S-CFZP antenna structure
having a sectorial reflector 30 positioned a wavelength-dependent distance behind the
Fresnel element 26, and providing antenna gain and directionality control. While the
reflector 30 is generally implemented as a partial cylindrical section (i.e., sector angle is
less than 360 degrees), one or both the support 24 and the Fresnel elements 26 may be
implemented as full or partial cylinders in any combination.
When configured as a transmitting antenna, the feeder 22 functions as a
radiating element, thereby serving as a radiating signal source for the antenna 20. The
Fresnel elements 26 direct the electromagnetic energy such that it is radicted outward

from the antenna 20. By positioning the reflector 30 behind the support 24, radiated

energy is greatly reduced behind the antenna 20. Obviously, varying the size and



11. The antenna of claim 1, wherein the ground plate conprises a conductive
wire nmesh. 12. The antenna of claim1, wherein each Fre~el el enent
conprises a series of segnents joined to approximte a generally curved
ring. 14 13. The antenna of claim 1, wherein a maxi num segnment | ength for
the series of segnents is chosen such that the joined segnents
substantially conformto a curvature of the inner face of the dielectric
support. 14. The antenna of claiml1l, wherein a width of each Fresnel

el ement i spesifiameftthemeftgictar 3@ wdries drecereas relatiyeRp dbmghtepha 26 rat whidhmadinted
reflective ground plate. 15. The antenna of claim 14, wherein the width is
measur ed f energnisesntroblecedge of the Fresnel elenent to a top edge of the
Fresnel elenent relative to the reflective ground plate. 16. The antenna of
cl ai m 14, wher ei n @mee ofathgt Mmany Bdvantadeses rieingedtdento definke one @s enaxg taneas of

I ncreasing distance fromthe reflective ground plate. 17. The antenna of
claim 1, wresiuetd ragiadiooris timatdheBntehsa ROgpay be ahamiat en aondl osetbeargflectival i ty
of joined segnents. 18. The antenna of claim1l, wherein the dielectric
support cosgfdceeithopl sigalficant electranhagretic eanergyt sadidihg Aackwardsirieward the
conprising: a reflective ground plate; a cylindrically curved dielectric
support exmendiingsufaoee Thie refluctiordinpbackeardb@diated energy reduces the amount of

reflected energy from mounting surfaces, thereby reducing multi-path propagation
associated with the desired signals radiating from the antenna 20. As noted earlier,
radiation from the Fresnel elements 26 constructively interferes with the radiation from
the reflector 30, yielgiing a higher gain than is generally available with conventional
dipole and monopole antennas.

In general, the antenna 20 is subject to much variation in terms of its physical
implementation. Fig. 5 illustrates several of these variations, where the placement of the
Fresnel elements 26 is opposite that shown in Fig. 4, and where the monopole
configuration of feeder 22 is replaced with a “microstrip” patch antenna configuration
positioned at the foci of the Fresnel elements 26. As such, the microstrip patch antenna
22 can be mounted or otherwise fixed to the ground plate 34, but is not necessarily fixed
to the ground plate 34. Of course, the feeder 22 is not limited to monopole or microstrip
patch antenna configurations, and may be implemented using a variety of other antenna
feeder configurations, including various dipole configurations.

in this particular configuration, the ground plate 34 comprises a circular disc,
which may be solid or laminate in structure and preferably includes one or more

conductive, planar layers, and which has a radius R substantially equal to the radius of

curvature of the support 24. As such, the feeder 22 is positioned at the center of the



a plurality of spaced apart Fresnel elenents disposed on an inner face of
the dielectric support; a feeder elenent adjacent to the ground plate at
foci of the Fresnel elenents; and an el ectromagnetic refl ector di sposed on
an outer face of the dielectric support, and covering at |east a portion of
the outer face over a desired cylindrical sector angle. 20. The antenna of
claim19, wherein the dielectric support has a materi al -dependent thickness
that is approxi mately one-quarter wavel ength of an el ectromagnetic signal
frequency glfounmp@t%@g/-, Of geuise, Hbg feeder 22 eayaot ke pogilinned g thet gpometric center

el ectromagnetic reflector are separated by approxi mately a

mat er i al - deploa geavindgpiate Gé gependingavieorcthg shapeef arond platgwsady of i nterest.

21. The antenna of claim 19, wherein the dielectric support conprises a
sector of a right Rigr&ilusiratey furthge exempliangvaiiatipns on dke aptenam@Pe . Hexe, thehe
antenna of claim 21, wherein the Fresnel el enments each conprise a sector of
a cyl i ndri seipopaidd ibdvipiegnerded s 8ecaropletentyiscircalpr cfiedetntasdntheofresheli m
22, wherein the first sector angle of the dielectric support is greater

t han t he selemedtssiicioon camplete cylindtical hepessfasingdhe fasdes 22 aad are2dositinined @nt enna
of claim22, wherein the first sector angle of the dielectric support is

| ess t han theeinerceptitdrinat surfacengl egsupphd 23 e She Ireflgictonad®t However, retains its

implementation as a partial cylinder, and covers the outer face of the support 24 over a
desired sector angle. Again, outward radiation from the antenna 20 is substantially
blocked by the reflector 30 over this desired sector angle, while the reflector’'s inward
reflections toward the feeder 22 tend to boost antenna gain.

As was noted earlier, the support 24 and the Fresnel elements 26 may be
implemented at essentially any sector angle between 0 degrees and 360 degrees, in any
combination of sector angles between the support 24 and the Fresnel elements 26. That
is, one or both the support 24 and Fresnel elements 26 may comprise a complete
cylinder or a portion thereof, in any combination. Fig. 7 illustrates one such variation,
and deviates from the antenna 20 shown in Fig. 6 with its implementation of a full
cylindrical support 24 and sectorized Fresnel elements 26, i.e., partial cylindrical
sections. While the sector angle of the Fresnel elements 26 is shown equal to the sector
angle of the reflector 30, it should be understood that the two sector angles do not have
to be equal. Indeed, the sector angle of the Fresnel elements 26 may be greater than or
less than the reflector sector angle.

Fig. 8 illustrates yet another exemplary embodiment of the antenna 20 and, in
converse relation to Fig. 7, illustrates the Fresnel elements 26 as comprising complete

cylindrical hoops, while the support 24 comprises a cylindrical section. The sector angle

10



25. The antenna of claim22) wherein the dielectric support is a right
circular cylinder, such that the first sector angle is 360 degrees. 26. The
antenna of claim 25, wherein the Fresnel elenents are conplete cylindrical
hoops spaced apart on the inner face of the dielectric support. 27. The
antenna of claim 25, wherein the Fresnel elenments are inconplete
cylindrical hoops spaced apart on the inner face of the dielectric support.
28. The antenna of claim 19, wherein the Fresnel elenments conprise a first
plurality ofthErsuppet 24lieahanwrsequahdp iaépbine refiecteyr i hyt ishewd bg uadeestqadct i ve
ground plate acting as a surface of symetry for the antenna, such that the
ant enna mi Hat theatwoesastl anglesla et nefedip benequal|teersuprert eectangimen®g of
claim19, wherein the feeder conprises a nonopol e antenna. 30. The antenna
of cl ai m 190oreReless thantbat efdir reflesiop BPs ¥khile nat sbewn.dhe éenvard partiorpkeaght enna
of claim 19, wherein the feeder conprises a mcrostrip patch antenna. 17
32. The anfeasnel @ementaltmirg, thaupertisinnofithe leancdiemetiisatly PBResitarthe support 24,

el ectromagneti ¢ source, such that el ectromagnetic energy radiated fromthe
f eeder is mightdetsuppertadier aldielscticired or athenstriciwal elpaest %ﬁt MR beisuprerted ¢
support by a conbination of the Fresnel elenents and the reflector. 33. The
ant enna of by thei gro@H plalecidei n t he refl ector substantially bl ocks

el ectromagnetic radi ati on over the desired cylindrical sector angle behind
the outer face of Aswegaids|tee giouod piateastonedptestihat bigt 8 Hivatraies alrectangular
wherein each of the Fresnel elenents conprises a series of segnents joined
to form a pletestrathepthan the ercularcgonfigurations |shownr inether pihgr egmodimprntaint Bnna
of claim 34, wherein a maxi num segnent |ength of each segnent is limted
such that plastiesy varigtions gnithe extenteand shagelitha avrndplaje 3 areotolpsated witheut

cylindrically curved dielectric support. _
significant changes in antenna performance. Of interest beyond the rectangular shape

of ground plate 34 in this embodiment, one notes that ground plate 34 here is formed as
a conductive wire mesh. In general, wire mesh can be used to form the ground plate 34
in essentially any shape, e.g., circle, rectangle, general polygon, or in some non-uniform
shape. Of course, the same versatility in ground plate shape is available where the
ground plate 34 is implemented as one or more planar layers of conductive material.

Figs. 9A through 9D illustrate such shape-based variations on ground plate
configurations, but it should be noted that such illustrations are not meant as an
exhaustive catalog of all possible variations. Use of the ground plate 34 is in generally
beneficial because it allows the antenna 20 to mimic symmetrical pluralities of Fresnel
elements 26 and 28 without the need for physically implementing both sets; however,
the specific size and shape of it are not overly significant, and it may be altered to suit
usage considerations and practical convenience.

Fig. 10 illustrates implementation flexibility beyond ground plate shape and

construction. Fig. 10 is an exemplary, segmented version of the antenna 20 wherein the

11



36. The antenna of claim 19, wherein the ground plate conprises a
conductive material. 37. The antenna of claim 36, wherein the conductive
material is a wire mesh. 38. The antenna of claim 36, wherein the
conductive material conprises a netallic plate. 18 39. The antenna of
claim19, wherein a wdth of each Fresnel elenent is a function of the

di stance of the Fresnel elenent fromthe reflective ground plate. 40. The
antenna of claim 39, wherein the width is measured from a bottom edge of

t he Fresnefreshelfigments 26, theslieejec sepnrare24-raad e reflestas 30 arelsggmeeted o Qfhe
reflective ground plate. 41. The antenna of claim 39, wherein the w dths of
t he Fresnetoussenyditadioneqnedlis s@amenting r 2rpseany dckiden eabodimanthevhese| &t i ve
ground plate. 42. The antenna of claim 19, wherein each Fresnel el enent
conpri ses exasyne.dbe diresnsl glementsy R @re segrpente duh HheepyrRosf 24c prd feflegtor Wller ei n
the dielectric support conprises a series of joined segnents. 44. The

ant enna of regiain purviinearhdn ey casee eged pllcanspodalily iaged assenskly/disasssmbly mayd

segnents.
be gained through segmenting portions of the antenna 20. For example, with the

segmenting shown, the antenna 20 may be disassembled into a number of relatively
small parts, thereby facilitating convenient transportation and storage.

Where the Fresnel elements 26 are implemented as a series of joined
segments, the number of segments is chosen such that the segmented ring
approximates an overall curved shape. Thus, by selecting an appropriate number of
segments, the Fresnel elements 26 may be formed as a ring or partial ring that
substantially conforms to the curvature desired for the dielectric support 24 on which
they are mounted.

From the implementation variety illustrated by the included drawings, those
skilled in the art will recognize that the inventive antenna 20 is subject to much variation.
However, its underlying characteristics of directionality and relatively high gain are
consistent across its range of implementations. As such, it should be appreciated that
the foregoing information is exemplary only, and should not be construed as limiting the
range of applications and the variations suitable for antenna 20. Indeed, the scope of
the present invention is limited only by the scope of the following claims, and their

reasonable equivalents.

12
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gl B9BG<| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c<a! (sAeY $3&(*1, N, N1334e4| 4~444;
6N6R6} xsmhc”Y] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal R6X6Z6q6t 666881: 6: =AABFBBDE&HLHHHLI R
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bbb4cEcccd/ dt ddd! e/ ef f #gt ggh?hEhhh} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] caJica] cAhcajerapcainpaiog] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal ca]ca! h3idiii
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Jca' ?[fH 1109 ()-VY!'10%& ()-109& ()- z109%&' ()- "~ 10%3k3& ()-L

T10%/& () - LFY% 109& ( Yiefectieduppefly () * 109&' () - F(109%& ()-F

1109 ()-mlO%&' ()-VY!10%& ()-10%& ()-Q dE*I 10%&' ()3 6! 109& () -3l 4! 109%&' () - yf
210%&' () - F90" 10&&efi@ctive. gra0Rd plate Ppsttidbed® afjacédt thendielectric support to reflect
~\:110!8Y! 109%& ()-!FY!' 10%&' ()-! HY! 1T098N& ()-1!110%& ()- 10 10 10y8MLOY%& ()-n
gij kIl B-\=110!1"!10%&' (adidted 5ig08kE frodn-tha plutdiROf Aresried elbthents; and

108t 109%&' () - F#m' 109%&' () - 9BDEFG~_@ 10! ! 109%&' ()-!10%&' ()- 10 10

10y8s109&' () - Y+a Iesder pdsitidnkld!at G9dkof the EfabBel efbrbonty. 109&' () - Y

2. The antenna of claim 1, further comprising a sectorial reflector covering an area

of the outer face of the dielectric support.

3. The antenna of claim 2, wherein the feeder comprises a radiating source
antenna, and wherein radiated signals from the radiating source antenna are reflected
outward from the inner face of the dielectric support by the sectorial reflector and by the

Fresnel elements.
4. The antenna of claim 1, wherein the dielectric support extends perpendicularly
above the ground plate, and the reflective ground plate defines a plane extending

outward from the inner face of the dielectric support.

5. The antenna of claim 1, wherein the dielectric support is cylindrically curved.
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310%' ()-&10%&' ()-1 109%&k ()-109%& ()-F10%& ()-(sAe>dE~_ @ 10'F |19%d0%& ()-I|y#
109k ()-Y '109%& ()-1109%& ()-Y 109k ()- @O0%& ()->YdE:/ 10
10@10%& ()-,510%& ()-F 31nml0%& ()-Y@10%& ()-F | 940%& ()-F | %d0%& () -
#3$$S0PE: 10 10 10f8s10%k ()-!K3!109%& ()-3! 109 ()-!FY!I 109 ()-!VYY! 10%& () -
10$34&8&X((F**r S1: ! K3! 10%<?<& ()- 3!'10%& () -
I <F! 109%9<0<& () -F!' 10%& () -!KY! 109%®<?<& ()- Y 109%& ()- 10*1,K, L,MN,,/1 =
K3 FF 10%&' ()-z 'cFM 109%&' ()-z F'109%& ()-z 10<

6. The antenna of claim 5, wherein the Fresnel elements are cylindrically curved to

conform to the inner face of the dielectric support.

7. The antenna of claim 5, further comprising a sectorial reflector positioned on the
outer face of the dielectric support, and wherein the sectorial reflector is cylindrically

curved to conform to the outer face of the dielectric support.

8. The antenna of claim 1, wherein the dielectric support has a material-dependent
thickness of approximately one-quarter wavelength relative to an electromagnetic signal

frequency of interest.

9. The antenna of claim 1, wherein the dielectric support comprises at least a

portion of a right circular cylinder.

10. The antenna of claim 9, wherein the Fresnel elements each comprise at least a

portion of a right circular cylindrical ring.

11. The antenna of claim 1, wherein the ground plate comprises a conductive wire

mesh.

12. The antenna of claim 1, wherein each Fresnel element comprises a series of

segments joined to approximate a generally curved ring.
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10< 10<8s109%<& ()-+!'109%<& ()-1N1333334e4~ @!K3!'3 110% & ()-@10% & ()- 10
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U'109& ()-!"109%& ()- 10( AAAABFBBDEbCy8s10%y10% & ()-F ]
1 109% & () - y30% &he antenoeqed: ofaimyl, 1@grein(9 maxamun GegremERADAHAL e perd@sdef /
10( 10(S81l0% & ()- @®'10%4 & ()- L3'10% & ()-fFL10% & ()-3S/Y

segments is chosen such that the joined segments substantially conform to a curvature

of the inner face of the dielectric support.

14, The antenna of claim 1, wherein a width of each Fresnel element is a function of

the distance of the Fresnel element from the reflective ground plate.

15.  The antenna of claim 14, wherein the width is measured from a bottom edge of
the Fresnel element to a top edge of the Fresnel element relative to the reflective ground

plate.

16. The antenna of claim 14, wherein the widths of the Fresnel elements decrease

with increasing distance from the reflective ground plate.

17. The antenna of claim 1, wherein one or more of the Fresnel elements comprises

a plurality of joined segments.

18. The antenna of claim 1, wherein the dielectric support comprises a plurality of

joined segments.
19. An antenna comprising:

a reflective ground plate;

a cylindrically curved dielectric support extending above the ground plate;
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109% & ()- !'10% & ()- Q Rl %KUK&NGNNVPXV7/ 10Ff)"10%ge& ()-!s' Y40%008& () -
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a plurality of spaced apart Fresnel elements disposed on an inner face of the
dielectric support;

a feeder element adjacent to the ground plate at foci of the Fresnel
elements; and

an electromagnetic reflector disposed on an outer face of the dielectric support,
and covering at least a portion of the outer face over a desired cylindrical

sector angle.

20. The antenna of claim 19, wherein the dielectric support has a material-dependent
thickness that is approximately one-quarter wavelength of an electromagnetic signal
frequency of interest, such that the Fresnel elements and the electromagnetic reflector
are separated by approximately a material-dependent one-quarter wavelength for the

frequency of interest.

21. The antenna of claim 19, wherein the dielectric support comprises a sector of a

right circular cylinder having a first sector angle.

22, The antenna of claim 21, wherein the Fresnel elements each comprise a sector

of a cylindrical band having second sector angles.

_23. The antenna of claim 22, wherein the first sector angle of the dielectric support is

greater than the second sector angles of the Fresnel elements.
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24, The antenna of claim 22, wherein the first sector angle of the dielectric support is

less than the second sector angle of the Fresnel elements.

25. The antenna of claim 22, wherein the dielectric support is a right circular cylinder,

such that the first sector angle is 360 degrees.

26. The antenna of claim 25, wherein the Fresnel elements are complete cylindrical

hoops spaced apart on the inner face of the dielectric support.

27. The antenna of claim 25, wherein the Fresnel elements are incomplete cylindrical

hoops spaced apart on the inner face of the dielectric support.

28. The antenna of claim 19, wherein the Fresnel elements comprise a first plurality
of Fresnel elements, and wherein the ground plate is a reflective ground plate acting as
a surface of symmetry for the antenna, such that the antenna mimics a second plurality

of Fresnel elements.

29. The antenna of claim 19, wherein the feeder comprises a monopole antenna.

30. The antenna of claim 19, wherein the feeder comprises a dipole antenna.

31. The antenna of claim 19, wherein the feeder comprises a microstrip patch

antenna.
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relative to the inner face of the dielectric support by a combination of the Fresnel

elements and the reflector.

33. The antenna of claim 32, wherein the reflector substantially blocks
electromagnetic radiation over the desired cylindrical sector angle behind the outer face

of the dielectric support.

34. The antenna of claim 19, wherein each of the Fresnel elements comprises a

series of segments joined to form a least a portion of a cylindrically curved ring.

35. The antenna of claim 34, wherein a maximum segment length of each segment
is limited such that the cylindrically curved ring substantially conforms to the cylindrically

curved dielectric support.

36. The antenna of claim 19, wherein the ground plate comprises a conductive

material.

37. The antenna of claim 36, wherein the conductive material is a wire mesh.

38. The antenna of claim 36, wherein the conductive material comprises a metallic

plate.
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41. The antenna of claim 39, wherein the widths of the Fresnel elements decrease

with increasing distance from the reflective ground plate.

42. The antenna of claim 19, wherein each Fresnel element comprises a series of

joined segments.

43. The antenna of claim 19, wherein the dielectric support comprises a series of

joined segments.

44, The antenna of claim 19, wherein the reflector comprises a series of joined

segments.
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