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hi gh-frequency antennas and particularly to the field

of planar and conf or nal ant enpas for high frequency

m crowaves. BACKGROUND OF THE | NVENTI ON Pl anar (or

flat-plate) and conformal a as for high frequency
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0. 1-40GH range) are nowadays wdely in use for
exanple, in radio broadcasting, nobile communication,
and satellite comunication. Such antennas can
provide circular polarization and |I|inear

pol ari zati on, based on their specific configuration.
Cenerally, printed conformal and planar antennas are
built on a nmultilayered substrate structure (e.qg.
PCB, printed circuit board) and include, inter alia,
a dielectric substrate and an array of radiating
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y printing, in the so- called "microstrip" technol ogy
or photolithography. US Patent No. 6,285, 323 di scl oses
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linear polarization, based on their specific configuration.

Generally, printed conformal and planar antennas are built on a
multilayered substrate structure (e.g. PCB, printed circuit board) and include,
inter alia, a dielectric substrate and an array of radiating elements and their
respective transmission lines, the number of elexments depending on their gain as

well as on the overall desired gain of the antenn.a. The radiating elements and the
transmission lines are disposed on either one or both sides of the dielectric
substrate. Planar antennas are produced, for example, by printing, in the so-
called “microstrip” technology or photolithography.

US Patent No. 6,285,323 discloses a flat panel antenna for microwave
transmission that comprises at least one PCB, and has radiating elements and
transmission lines located on both the first and second sides of the PCB in a
complementary manner, such that the transmission lines of the first and second

sides overlay one another, and the radiating elements of the second side extend



directions, at an angle of 180 degrees fromthe

radi ating el enents of the first side. US Patent
wappisiosgtes on No. 2003/ 0218571 di scl oses an ant eamaL2005/000295

having |inear and circular polarization, which uses

di poles as radiating el enents, qand has an orthogona

characteristic in both linear and circular
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aatedns eooqising hdjretll dihppéd darie antensh eleantis ihduding a first pair
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second, bendi.n ortions ,and v.i ded .S s . tp fee o
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four ieghasaldlingitaeby otissingdimednriasallpseseithina singk plane and the
two-armspiral radiating element. US Patents Nos. |

seqorgie] 7bapeah dife]s 281OEE demensispurangedAps secandoiggie thereof,
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and second L-shaped dipole antenna elements form a cross. The antenna also
comprises a parallel-twin-line feeder extended from the first and second bending
portions and provided so as to feed power within the single plane.

S. Dragas and M. Sabbadini, in “A Novel Type of Wide Band Circular
Polarised Antenna”, at the 27" ESA antenna workshop on innovative periodic
antennas, present a quasi two-arm spiral radiating element.

US Patents Nos. 5,786,793 and 6,518,935 and US Patent Application No.
2003/0063031 also relate to planar antennas.

There is a need in the art for a new planar/conformal antenna.
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provi des for planar and confornal antennas for
wonrensdsstesi ng and/ or receiving el ectronmagneti c PGENER08600295

at | east one predefined frequency in the range of

0.1-40GHz, and a predefined polarization. The antenna

according to the invention provides circular

olarization | inear pol arization, based on its
SE@@ J& ration. According to an
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first and second branches arranged in an acute angle
radinted beam.
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According to an embodiment of the invention, the antenna is configured
for providing circular polarization, and each of the radiating elements is capable
of radiating electromagnetic waves of a circular polarization. According to
another embodiment of the invention, the radiating elements comprise bend-
shaped elements. According to yet another embodiment of the invention, the
above-mentioned bend-shape is an L-shape.

According to an embodiment of the invention, the antenna is configured
for providing linear polarization, and the radiating elements comprise radiating
elements having first and second branches arranged in an acute angle with

respect to each other.



respect to each other. W) 2005/ 088768
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transmtting and/ or receiving electromagnetic waves of

at |east one predefined frequepcy and a predefined

pol ari zation, the antenna conprising a nulti-Ilayered
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Accor di ng th@traREmaRinefesesnfd uppet af 10vie dlementsioverlay each
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ant enna f athérandm tting and/ or receiving
el ectronmagneti ¢ waves of at | east one (g[pedefi ned
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sai d radi dbiveg radlagimgneknsanpsutstagialladicaincidesehdtetiics phase
having first and second branches the nethod

conpri si ngenter of the upper radiating element.

According to yet another embodiment of the invention there is provided a
method for providing a planar antenna for transmitting and/or receiving
electromagnetic waves of at least one predefined frequency and a predefined
polarization, the antenna having a dielectric substrate with upper and lower faces;
at least one pair of substantially identical upper and lower radiating elements
disposed on said upper and lower faces of the dielectric substrate; said radiating
elements comprising radiating elements having first and second branches the
method comprising:

- determining the planar arrangement and the geometrical
dimensions of said first and second branches in accordance with

said predefined polarization and said at least one predefined

frequency; and



- determ ning the planar arrangenent and the

geonetrical dinensions of said first and second
wonresmsemsi n accordance with said predefined PCT/IL2005/000295
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associ ating each of the radiating elenents in the

upper face with a correspondi.ng radiating elenent jn
the | ower Fsae@atingcach hthe ﬁ%cllafg%gger%ﬁ% % st Ui face with a

| ower radiatin lement,. S Lally.cojncid L th
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descri bed, by way of non- limting exanple only, with
reference to the acconpanyi ng drawi ngs, in which: Fig.

1 is a cross-sectional view of a flat m crowave

antenna; Fig. 2 is a top view of an antenna accordi ng
BRIBF BESGRIFFION OFWEHE DRAWINGSFi gs. 3a-3b are
schematic illustrations of the structure of an el enent

of tHa omlet emmadefstdridgthe Anvéntom awd pestd hewyif ntaypbaoatried out
sSide views; Figs. 4a-4d are schematic i]lustrations of

ipt practice.r acorgfared cabadiment ofill naw hatdeserabest by gvay of non-
L n.accordance wi th.few. other odi nents.of .the . .
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enbodi ment  of t]qwe Invention; FIg. 6 Is a schematlc

i 11 usFigatd @naofopt Miews bf wet atenied agsordirggrentanodmbodiment of the
antenna according to another enbodi ment of the
InmMemtmen;on; Figs. 7a-7c illustrate sinmulated

characterjstics of an antenna el e t accordi t.o
anot REIESe bt Ferehematnd FSRAIOR G IhaftEctare;of & clement of the
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Figs. 4a-4d are schematic illustrations of other structure of elements of the
antenna of Fig. 2, in accordance with few other embodiments of the invention;

Figs. 5a-5e illustrate simulated characteristics of an antenna element
according to an embodiment of the invention;

Fig. 6 is a schematic illustration of the structure of an element of an
antenna according to another embodiment of the invention;

Figs. 7a-7c illustrate simulated characteristics of an antenna element
according to another embodiment of the invention;

Fig. 8 is a cross-sectional view of a flat microwave antenna according to
another embodiment of the invention; and

Figs. 9a-9b are schematic illustrations of the structure of elements of an

antenna according to yet another embodiment of the invention.



Figs. 9a-9b are schematic illustrations of the

structure of elenents of an antenna according to yet
wanoisiss7egenbodi ment of the invention. WO 2005/ @8816805/000295
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EMBODI MENTS OF THE |INVENTION Fig. 1 is a general

cross-sectional view of a flat mcrowave antenna 8 for

hi %h f requency nicrowave transni ssion &([e. ._d.n_various
DEHATED) DESGEPTIONGOF SHECIRIGnRATBORIMENTS "OF THE
mf%% structure and conprises, inter alia, at

PCB (Printed Grcuit Board) 10 nmade of a
di el egtri,c. mat er | .q. PTFE_.dQd i ber
e oo s i BBt ab e Spaf T yid Pl HhfiRicibRaSs aptenna 8 for

lﬁgﬁpﬂégﬁé_ h rACEAORR thdafmidied 16.of ghataSus Parts of 0.1-40GHz
permttivity s,. = 2.2. The PCB'1 has two faces, 10a

ranppre Theanegnend hadh htlvilerer seraejure andebaiprisediiater ngia, at least
el ements (not shown in Fif made of an

.1
@eeBH ¢Brinjedc batsut Bearda ‘_brm%de, ohreediglegiiis epaterigh e.g. PTFE
GRS Pl - Bind, 1 oA E BB SoRBRgSay aAT gl oy Rogers
@?xﬁo?gt'%[, Arizofl®; P@'A[,’h AN '?Qlaﬁ(ieze?m%lfi =22 ArPHOBCR 10
p tei, typical 'y riade of arretaﬁ Ic material.

Hddintd fieas, 1RY@pPef ﬂz&fe? aBaob (lowdr fce)lon odiciatasigatlie elements
used, as known in the field of antennas, such as a .
(motishowg ipl Bige | ),ampadt afianealedtegally candustiveanaterial, are disposed.

| Screte spacers can be . used instead of spacer. | ayer .
¢ BRI | AT DGR GNPt SRAGF B8ChaM B0 P18 Ky relative
i60(d § d he ant o .t hat _t

I? éﬁ\ﬁgﬁﬁlén(é'g' g%ﬁﬁ’otc}{?gc lgjﬂ%ﬁgggﬁne?a ’ asl,]t%cfﬁmgf ofﬁgo) and a
floanarplafd eANdysalex eiRdd bF @dmefhlfit dnatkrial;OAd@XRARI €ayers (not
antenna 10 ndEy be "a conformal antenna, which conforrs
shoven suFigck) edmsbosheapsed, sis lohetwar i thedfibld of antennas, such as a
consi,derations other than el ectromagnetic, for )
BRURTNG platae? palakst daysr, h)ek.cdgnamcESte specers cam b userh instead
vi ew of the. ypper face 10a of the PCB 10 of .t .
. %pé’lﬁﬁlélaé/er &cpﬁfe&trﬁ%zﬁtcgaﬁﬁl 8me&f%§8haz1npﬂ3én Ii% and sleeve 20 is
URYERY FRR (hRWitBRE Mte GhACHAMvERiGH 1€ Abl %Bunii_/?ﬁ/ the_general
shown in Fig. 2 in an exenplary manner, a plurality of
gtaditatel 00a ¢lamerdsedia as exemplified in Fig. 1. For example, antenna 10
may be a conformal antenna, which conforms to a surface whose shape is
determined by considerations other than electromagnetic, for example,
aerodynamic or hydrodynamic.

Fig. 2 is a top view of the upper face 10a of the PCB 10 of the antenna 8
according to an embodiment of the invention, suitable for circular polarization.
As shown in Fig. 2 in an exemplary manner, a plurality of radiating elements 21
is disposed in a specific configuration on face 10a. The radiating elements 21 are
substantially identical and each comprises a bend-shaped element 22 and a co-
planar transmission line 23 (both marked in Fig. 2 in full lines). A plurality of
substantially identical radiating elements 21 is disposed on face 10b. Each of the
radiating elements 21 disposed on face 10a is paired with a corresponding

radiating element disposed on face 10b in a complementary manner that will be



is disposed in a specific configuration on face 10a.

The radiating elenents 21 are substantially identica
wanaas@agts conpri ses a bend- shaped el enment 22 aRATALI05/000295

pl anar transm ssion line 23 (both marked in Fig. 2 in

full lines). Aplurality of substantially identica

radi ating elenents 21 is di sposed on face 10b. Each of

the radiating elements 21 disposed.,on face 10a is

dissupeed W defad Lothee b hle trangmassion lispe eEhe paired radiating
[ d f 10b i | h . .
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pal Ted radiating ements substantially overlay eac

showarin(fige2sThe dlehddhiped Bldmeres 22atisgosgdroat faoa)l0brede marked
thus the transm ssion |ines 23 di sposed on face 10b .
imr dashetl limhowhh¢ rradiajingy elamentsept- bapdaces arendisposed in a

o3RS, SDp LAl B PSR Fof SUSUobLRE o 20. e
DRI SR TRAID, BRI Seioning of e

efanéntd Wratih@thasfeee | dtnasureb eeriyifatethiel Sahe Hagut impedigce of all
of the elenents around the feed structures ensures

radietingeiementsand radaaad elissfibatibn of guérgyi thypughenethesarray.

and bal anced distribution of _energy throughout the
arr ayll tﬁﬁ Rl ImAi0g EXPRP ngg&‘pia e{@farﬁ‘?@ SOmpHges an array of

t L.ses f i rs. of. radiati .
SSPLA0RP of YBBLRESPRRE Mo pelif BRERoR AL g0 by i
sh&ific SRAGHIEI MPHHTR! StheP AR Vor@idueaticHs’ % possible, as the case

configurations are possible, "as the case nay be and
nhigspbe ahdl yypichky nhetemtbsdr qfgiaiis odfradiadhgelangergh enmatts provide a
is set to provide a_ certain desired gain. Note that . |
ceraimdesirad: gainviats gt erpisscrdipventian ¢Ap be pmberied by utilizing
only one.pair of.radiati | enent s, sQ,. note .tha
oBhs Ypf pdin s eingarteRisaiy AlS Filk Tapydbf Preieh b ddkhgund by
: : sadiat i I e _
(0 ShyEEaY O Sl0 SATARAGH (TS KENEINE R GHF IS o nificd in
Riseater detail the structure of paired radiating

elenents 21 of the antenna of Fig. 2, suitable for
ci r cUiigs. 3pedlarillvatriten sehernatecallye duegregter adejail othe structure of

PBIEHe 4TS GPeRSsAheot et Ahpars 2 Aihanor ircular
p%ilgfization in the frequency range of 8-9GHz, from top and side views,
respectively. Same elements are given same reference numbers. As shown in Fig.
3a, each of the radiating elements 21 comprises a bend-shaped element 22
connected to a transmission line 23 via feed point 25. As will be explained in
greater detail further below, each of the radiating elements 21 is designed to be
capable of radiating electromagnetic waves of a circular polarization, and the
paired elements 21 are aligned with respect to each other in a relatively compact
spatial arrangement, in a predefined manner, such that high level of antenna
performance, e.g. gain up to 3dB, is achieved, comparing to a prior art antenna
with the same number of radiating elements having substantially the same

geometrical dimensions. Thus, each pair of the substantially identical upper and



3a, each of the radiating elenents 21 conprises a
bend- shaped el enent 22 connected to a transm ssion
woOi2os/ 0887681 a feed point 25. As will be expl ai nedTiimo05/000295
greater detail further below, each of the radiating
elements 21 is designed to be _gapable of radiating
el ectromagneti c waves of a circular polarization, and
the paired elenents 21 are aligned with. respect to, .
losegs hragiatine eleracts| dispoaady OB dhSaklPPersang jlafver faces yields gain
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aftF oY gtﬁ%sefr?)%ﬁﬁ?(gﬂsg&téd)e. .M F@y sayt antenna with the

same n adi at1 ng el ements having substantially

t he Thedollgetneis i debcrdptienst trs desipuof acsinglepaiiatiog element
_the substantjally identical upper and WO 20%[5/ 088%68.
inPtE/ ¢iraiaspoeoizeBon cRNfigEatiana di ACPAElaBPe HaHy an embodiment of

di sposed on the per. and | ower .fa yi el hDino ralati
the,iPeaEan; in ttﬂg ff’ilﬁ’&én%fe‘ o ﬂ?d%’%?nd{’%?g?}l. %’2?@6%%%‘613“%
L nge of : \Sirv@ntion is not bound
Pl & 28-S aga PR gy S NRIE it Wik Ention i not boun
bﬁﬁ&@fdlﬁi\ifiﬂ@ xhniple. design of a single radiating

element in the circular polarization conf‘inﬁ.ur ation,

i n adcodaanvstrated hinathee moodiniing skamphe of nkignt3apnthe| gntenna
the foll ow exanpl e, P terial is.having .. .
opeRis Vb 3 deraatryptySGe s Pel B MG oBtasine cente
Not i [ [ .S+ AOL ; d1,, 00 ot i 7
il gt B S, PPy 225" it O Phes X

afd Yldskpoded ohNBeaNhenBa thoPOROSThe grofrieadei miitensions of the
8GHz (this being the desired operating center

tstepedhey)chendrans folbkhaped el enent 22 is used, having

ort hogonal branches. X _and. Y dj sposed, on the,pl| ane,,of. .
t he lepgthsrd @@oﬁéﬁ theaX %dlngﬁélia&ﬁ]%eso?ret wglgtantlally identical

o SR B B P FUR ARl S B bEDS: anc  al Ty i denti cal

A Bkt Wherel AUKL s in the range of 0.3 to .35,

e. g. WhesRiBEK, iand thé eargienof0.3i o 0.8hec.waller@3dt andfvhehan A is
ﬂ?ﬂg;{a?ftg]iﬁggjtg E)? tug_‘ gggralitirr]lgati‘réc'lue-rrllggfsih é;,ip. {“kl;lfs, ?rtl) Ct)l\llee above mentioned
operating frequency (8GHz), A and B equal 12.5mm.

The width C of the X and Y branches is defined as follows:

[21C =Kk

Wherein K, is in the range of 0.10 to 0.20, e.g. K;=0.106. In the example
of Fig. 3a (operating frequency of 8 GHz), C equals 4mm.

The feed point 25 is connected to one of the branches, the Y branch in the
example of Fig. 3a. The location of the connection determines the delay between
the current components propagating along the X and Y branches and is set to
generate a phase delay of 90° between the components in order to provide
circular polarization.

It should be noted that the invention is not limited by the specific example

of the radiating element 21 as shown in Fig. 3a, and many others are possible, for



operating frequency (8GHz), A and B equal 12.5mm The
width C of the X and Y branches is defined as foll ows:

w2h050887682 ko Wherein K2 is in the range of OPCOILI05/000295
0.20, e.g. K2=0.106. In the exanple of Fig. 3a
(operating frequency of 8 GHiz), < equals 4nm The feed
point 25 is connected to one of the branches, the Y

bra ch in the le of Ei 3a, Thelocatlo
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I't should be noted that the invention is not limted

sinpothhshapeci fi c exanple of the radiating el ement 21
as shown in Fig. 3a, and nmany qthers are possible, for
VO 2005£0RaTSdoparT/ ¢mbodanesoedhe . B‘eé?@intﬂ‘@ntlﬁé, the radiating

BieEart: spoliEed dhnpechighipe, Alstopiiripe 5Pe R circular
Qﬁﬁgaﬁ%ﬁpgﬂh qbler@mt éut@)%%g IP(NSS NRNELSHARR1BN L - sHalpBewit ﬁ1st and

cont our, any versron o end-s ape elenent “can

s¢ad, biemdhesilang @ fecirpoih lebape. orsaidrsticogd theamih, such that the
enbodi ment of the present invention, the radiatin ‘
el@p@rﬁerﬁurr@t cgﬁmﬁr@adem ther seponer branel sl phaseodelgyest e 90° with

rispriato thelbiut & orent %‘e’a'zé"ré'nfﬁ@ t@w R b8ihana Locond
b
b: gﬂg_gg\ﬁsﬁc s?‘ﬁl;lfl qh@%egf r| c lljér){béi?ﬁﬁ rggeél%ﬁ‘fé?l? dhere follows a

deteipTeaP ol tHy @tedh b$ apuasd Iddia@ﬁ{lecélélﬁeﬁ@m%% Rirchfs I@ﬁ@émzatlon
to the electric current generateﬁ in the first branch

cofiguptives ec¢driding tohen dedodimeit of the myveatioadi at i ng
el ement there g%ﬁéows a description of the desi

a pafreiebigny dhe peireq olgmaents Zdydigposed on %oth the upper

<RSI b T IAE YR o orRESRUR el B aplrivelyeompact

P Ober acesrof TR RB 13 are opposl LIS Sl geq I HPer end
lovedrat elephgnts ospbstantially coincide, yielding high level of antenna
performance. According to an embodiment of the invention, the upper and lower
elements are oppositely and adjacently aligned in the following manner:

T ength D between the X branch of said upper radiating element and the X
branch of said lower radiating element, and the length E between the Y branch of
said upper radiating element and the Y branch of said lower radiating element,
are defined by the following equations:

[3] D=K;3 %

[4] E=K4 A

wherein K; and K, are in the range of 0.3 to 0.6, e.g. K5 equals 0.57 Ay and
K, equals 0.41 %y. Note that D and E need not be identical. Also note that upper
and lower radiating elements need not be in full symmetry with each other. Note

that D and E values other than the above specified values can be used. For

example, in the case D or E exceeds 0.6 A, the gain of the antenna may increase



space, in a conplenentary manner, such that the phase

centers of the upper and |ower elenents substantially
woabsmssies yi el di ng high | evel of antenna perPOTAEIN0E000295

According to an enbodi nent of the invention, the upper

and | ower elenents are opposnt%y and adj acently

aligned in the followi ng manner: Length D between the
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D=K: 20 Xo wherein K3 and K4 are in the

phasegeerttéxc()oﬂ tlnco uppér ard Jowks reduasing €leménosubstantiélly coincide
eagal s 0.41 ko. Note that D and E need not be .
witege¢he QFhefAl by thecase e pappe rclempats| FReangddain #y array (as

SR g S5 P BB R TR oAt AP DS must be
I\E &lg{)é&gaﬂ%ﬁ@esascmlog% used. For exanple, in the

exteeds 0.6 Xo, the gain of the antenna
may [ S0 Sase< WX 20Q5/ 088768 PCT/ 112005/ 000295 -10 due
to the I ncrease in the equival ent surface of the )
ant edmdhe abase alisqussioaxivith refenchec (@ fegsrehsnd Saodb.tthe relative
ntenna circul.a
af i

RbieRE ehiic Poicst iris 2B S Drtedladih o uiesis s ni, namely
kﬂ PRLEAL & n%derﬂisY i 9@ﬁat3@eﬁrfehﬁle Qﬁg 0 é )4 8i2) f) However,
g ower radla

per an I Ng S SU antla

tl@@lral@ttldé alfdririeiaeh thé Neired Blenkheht CHB s td&ﬁleﬂﬁy H@ﬂned in three-
el ements are arranged in an array (as shown in Fig.

d2hengiohgnige. horfotbevpdeme OfiehpFdsR 1demdnisoodlong Jthc @mthooonal Z
pai rs must be kept

t f ol
agiss Dy e the VeIt ﬁ@aﬁbwii 3{" 3'&3&% ?ﬁﬁn f‘i (ngs PWRCE i‘Jée 3b),

g AR RS 8, SE SRR 1 AT L e anmen

c@ﬁhﬁera”tﬁ%@i@|a¥0n6’\’tﬁéqzra%§§3§ﬁ& td @eﬁﬁ@ the AdMskive @Pfdrrﬁnélli‘taéf the paired
define the plane of the PCB 10. However, the relative

e?dm@nsr&mtt\mf-dmﬁmlsmqr enlye [TdrewntdtR v icd the PGB 119 mkxids nede very
slmrglllt \I;]/{tﬁ%-espect to A, the wavelength corresponding to the operating frequency
of the antenna, e.g. less than 0.05 % or 0.1A or more, otherwise the relative
alignment of the paired element should be defined in three dimensions.

The phase center of an antenna can be determined by measurements,
computed simulations, and calculations. As discussed in “Antenna Handbook,
Volume II Antenna Theory”, ed.Y. T. Lo, Van Nostrand Reinhold, New York, in
chapter 8, the analytical formulations for locating the phase center of an antenna
typically exist for only a limited number of antenna configurations. Experimental
techniques are known in the art for locating the phase center of an antenna, as
well as simulation tools such as the CST Microwave Studio™ software
commercially available from CST Computer Simulation Technology GmbH,

Germany.



di mrensions, i.e. onto the plane of the PCB 10 and al so

al ong the orthogonal Z axis. Due to the very snmall
won0ishssveef the PCB 10 (as shown in Fig. 3b), PCT/IL2005/000295

typically about 0.1-0.5mm it is possible to disregard

the relative alignnent considejations along the Z

axis and to define the relative allgnment of t he
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antenna” typi cal Fy exist for onl lTmte nber o
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known in the art for locating the phase center of an
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chamft Dﬁthmmp(onpedamqen Fig 3a, reI ating to operating
frequencies in ther as.follows, Fig
5a s r Be t@a}"ﬁ %qot erS pﬁé}pglrﬁglptr of the gg/egflpﬂéhere 1s ‘provided
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deScri bed above with reference to Fi 3a is

linetspalatizafiby copfiporaidB. Fig. Sb shovvs t he si nmul at ed
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suited for linear polarization (horizontal or vertical, as the case may be) in
operating frequency of 8GHz. In the case of linear polarization, each of the upper
and lower radiating elements 36 has bend-shaped elements having the shape of
two-branches creating an acute angle between the branches. According to an
embodiment of the invention the upper and lower radiating elements are
relatively aligned such that the shape “Z” or “S” (or substantially such shape) is
created, as shown in Fig. 6.

According to an embodiment of the invention, the radiating elements of
the linear polarization configuration comprises bend-shaped elements having first
and second branches arranged in an acute angle with respect to each other. The

upper and lower radiating elements are arranged in a substantially symmetrical



shows the return loss in dB (the so-called S11). Fig.

5d shows the axial ratio at (0,0) (the so-called
wenomdssicsle direction). Fig. 5e shows the so-calCiran2005/000295

"Smth chart” of the input inpedance. According to

yet anot her enbodi ment of the Jiywention there is

provided an antenna suitable for |inear polarization.
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The [ypges jahy, | oner radiating el enents are arranged

in a substantially synmetrical WO 2005/ 088768

PCT/ Wizoéial BQG296 the tnger ofi0Jetoeddt ,ongbBtsH0Bacesd etherein Ay is
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polarization. In the follow ng exanple, the PCB

mat ef§laH ¥Khdwi ng rel ative pernmittivity

Wherein K is in the range of 0.3 to 0.35, e.g. K¢=0.32, and wherein A is
the wavelength of the operating frequency in air. Thus, in the above mentioned
operating frequency (8GHz), H equals 12mm.

The width I of the radiating element is defined by the following equation:

91 I=K; %

Wherein K is in the range of 0.015 to 0.025, e.g. K;=0.02, and wherein A
is the wavelength of the operating frequency in air. Thus, in the above-mentioned
operating frequency (8GHz), I equals Imm. note that the invention is not limited
by the specific example of Fig. 6.

Figs. 7a-7c¢ illustrate simulated characteristics of an antenna paired
element according to the embodiment of the invention shown in Fig. 6, in the

operating frequency range of 8-9GHz, as follows. Fig. 7a shows simulated input



S, = 2.2 and width w = 0.5nun. Note that the invention
is not bound by the follow ng exanple. The
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aremmsdcanca%uﬁngnm man“ree@l@hmteht T(ﬂbhpoklmzcalllsedeS‘l@md Ho cover
chart" )1 . (b shows the turn loss in dB (
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Etheta for
Using the above detailed design, such that the antenna described above

with reference to Figs. 3A and 3B entirely covered on top with a polarizer P, has
substantially no effect on the adaptation of the antenna. In the frequency range of
8 to 9 GHz, the return loss is substantially similar to the one shown in Fig. 5C.
The measured pattern of the antenna exhibits a ratio of under -15dB between the
main and the cross polarization, along the frequency band. This means that a
substantially correct transformation of the circular polarization to linear
polarization is obtained. The measured gain of a single element (radiating
element 21 shown e.g. in Fig. 3A, or other element e.g. as shown in Figs. 4A-4D)
present a gain of 8dBi and more.

Referring now to Figs. 9a-9b, there is presented, accdrding to another
embodiment of the invention, an antenna that combines right-hand and left-hand
circular polarization over the same area. Antenna 900 comprises PCB 910, which

is of the kind described hereinbefore (e.g. element 16 shown in Figs. 1, 2 and 3a).



phi = 90 and graph B represents the conponent Epl,;
for phi = 0. According to yet another enbodi nent of
woheosioss@sat i on, a polarizer is added to the aRCEAN®OT600295
the invention working in circular polarization (e.g.
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'i near polarization is obtained. The neasured galn of
diffaenglleyced €RER 910adPE@BI ©30) dk eprenentedl. sHevarangement of the
Fig. 3A, or other element e.g. as shown in Figs.
elementy is ¢pfinsd by the dell @vang sawitieiid nore. Referring now

to Figs.,9a-9h, there is presented, according to

anot tg(ﬁ ]\/Eﬁﬂ‘o&%iorrent of the invention, an antenna that

conbij Jight - d.l han L Chl .

ool ol LG A5 58 A¢ pEBEs o & CET0,NAGTHEHA defings ths distance
bER A IBe pMALE Bentbs & abifiRekt PRirSELThHRY JHeiop HPRlNa8ne PCB.

(e.g. elenent 10 shown 1n Figs. 1, 2 and 3a): WO
PP 9108814682 (PETI bphaedsapadXodm erel aRCHBICH 1Y hasndliwdistance, e.g.

faces, 910a (upper face) and 910b (lower face), on
Owviigc providing a thin air layer for isolation therebetween. This embodiment of
the invention allows using two identical printed antenna boards in combination,
in an efficient manner, to provide over the same area right-hand or left-hand
circular polarization, or both, as required. It should be noted that according to the
present invention as described above, the radiation pattern of each of the
radiating elements (elements 21 as illustrated in Fig. 3a) is equilibrated, due to
the phase centers of the upper and lower elements being superposing, thereby
yielding high gain. If a different structure is used, in which the arms of the upper
and lower elements do not overlap (i.e. the phase centers do not coincide), the

resultant radiation pattern is dis-equilibrated, yielding relatively low gain.

Therefore, in order to better the performance of such a structure, the elements



radi ating el enents of the present invention (e.g.
el ements 21 shown in Fig. 3a) are disposed,
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inpeintion Zatmocbdimited bptthis seecifigwikamgle, landsisosyithbbe toyoperdte in a
that agcording to the present inve Ifl on as deSC{I bed
VAReRy e thﬁéluieﬁ%!P%t PR s cascssHry dnefitfisatipps and, aftgiatings. ¢.g.

L Y e

dﬁﬁ&lélfﬂ*{ﬁ bf eﬂh@ ”ﬁﬁﬁaﬁlrﬁe e RINEMREARPSthBR: rdsPBEERY planar layout and
yielding high gain. 1f a different structure i s used,

atrangérhett. The uanenﬁomﬁvvas ke sopbat withndfdrome toed pnnta:ds:odﬁouratlon

not overlgg e. the phase centers do not coincide)
(etHizing aifF )irhOW%’@I ﬁtsh@hlléahet rotad ithatcths - @a@ntmrblsam@dnmted by
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ﬁ%hﬁ%‘éss(evg? ROG2/ DEGELS, PLHQLROARPUP2R8re, thus allowing the use

radiating elements made of metal, as well as the use of air spacers, foam layers, etc.

The invention was described with reference to a single PCB configuration,
in which the PCB has the radiating elements disposed on both its faces. It should be
noted that the invention can be implemented in another configuration, in which two
PCBs and more are adjacently used, each having the radiating elements disposed on
one or both its faces, such that the phase centers of adjacent radiating elements
substantially coincide.

The present invention has been described with a certain degree of

particularity, but those versed in the art will readily appreciate that various



- 15 need to be aligned such that nutual coupling
bet ween adj acent elenents will not provide
wdizedsroagteg ve i nfl uence. The invention was descPCar200$000295
details with reference to a planar configuration, in
whi ch the radiating el enents QQ%Fdisposed onto both
faces of a planar support. It should be noted that
the invention,is not limted by, the ove- descri bed
ajseratians mo@aﬁ%@p@ﬁ H@argnbeo%%éydawtaw@gm@a% from the scope
opﬁﬁ%%ﬁé@hﬁﬁéﬁﬁﬂsthe. scope of the invention. For
exanplre, "tthe invention can be inplenented as a
conformal antenna, which confornms to a surface whose
shape is determ ned by considerations other than
el ectromagnetic, for exanple, aerodynam c or
hydr odynam c, or other non-pl anar configurations. The
i nvention was described in detail with reference to
the operating frequencies falling within the range of
8-9GHz. It should be noted that the invention is not
limted by this specific exanple, and is suitable to
operate in a variety of frequencies, with the
necessary nodifications and alterations, e.g.. change
of the operating frequency would result in change in
the geonetrical dinensions of the radiating el enents
and their respective planar |ayout and arrangenent.
The invention was described with reference to a
printed configuration (utilizing a PCB), however it
shoul d be noted that the invention is not limted by
this configuration. It should also be noted that in
the range of relatively lower frequencies (e.g. 1 Gz
and less), 2 equals 30cmor nore, thus allow ng the
use radiating elenents nade of netal, as well as the
use of air spacers, foamlayers, etc. The invention
was described with reference to a single PCB
configuration, in which the PCB has the radiating
el ements di sposed on both its faces. It should be
noted that the invention can be inplenented in another
configuration, in which two PCBs and nore are
adj acently used, each having the radiating el enents
di sposed on one or both its faces, such that the
phase centers of adjacent radiating el enments
substantially coincide. The present invention has been
described wth a certain degree of



particularity, but those versed in the art wl|
readi |y appreciate that various WO 2005/ 088768
WOCHIsIk&@85/ 000295 -16 alterations and nodi f i eariloINes/000295
may be carried out w thout departing fromthe scope
of the following Oains: WO 2095/ 088768
PCT/ 1 L2005/ 000295 - 17 CLAIMS: 1. A nmicrowave
antenna for transmtting and/ or receiving
el ectromagnetic waves of at |east one predefined
cigoasncy and a predefined polarization, the antenna
conprising a support with upper and | ower faces; at
1. eastAanrrpwave afitensallfet anhsalitting aedivt cadeivimgeeleatmdmagnetic
| ower radiating elenents disposed on said upper and
wheseof fabdenst ona pradefiped fregtiesay cndadinredaigned @edarization, the
t he upper face and the . correspondjng radiatin .
AP APPSR BRert ruit Vo RGlT e RS B Tk one pair of
. [ ol [
s i Lo S oy S 2Rk PRI cht MEpdd o Sd upper

arfN] ARdrefanes; 36 easid gﬁ'ﬁ dfosafd ed diafinphedsment Baitd spipdate and the
is conformal. 3. antenna according to daiml or 2

carhespendingaiadiasingpdemnentin thebktveert fage,| thephasarcenter ofrthe lower
ant enna, accordi ng t.o_any ,one, of ai_nms to 3 whergi
ragiting ﬁk@é?éﬂiﬁﬁ@étgaﬂﬁﬁ]é}’i RRFIEhS| %’Pf& ¢ plipsg center of the upper
_pol.ari zation, and wherein each of said radiating
lagllaé[%n‘?zlgm@ggcapabl e of radiating el ectromagneti c waves

20f 2 EhremL acBdRd ZACTRM: 1 vhABInadHi @ BB &€ PESH fBEmal.
to Cdaim4 wherein said radiating el enent's conprising

3.bend- Ahapettneh eamotding6 .to AGlam ehnar agc ovithireip tsaidCl sipmort is
4 wherein said bend-shape is an L-shape. 7. An
substantigly 8@ di ng to O aim 6 wherein said L-shape

A2 18,1 LB SEEOTL BESDCRE® (R 89 B0 Mporen soid
p%glﬁglgg% @ﬁﬂg{?@i\%ﬁ? hé B theuBeChBERaAE ahd WBRREn each of said
radiating elements is capable of radiating electromagnetic waves of a circular
polarization.

5. An antenna according to Claim 4 wherein said radiating elements
comprising bend-shaped elements.

6. An antenna according to Claim 4 wherein said bend-shape is an L-shape.
7. An antenna according to Claim 6 wherein said L-shape having first and
second branches and a feed point located on said second branch such that the
electric current generated in the second branch is phase delayed in 90° with
respect to the electric current generated in the first branch.

8. An antenna according to Claim 7 wherein said L-shape having an X
branch and an orthogonal Y branch, and wherein:

- the length A of the X branch and the length B of the Y branch are
substantially identical and depend on said predefined frequency
according to the relation: A, B = K X, K; is in the range of 0.3 to
0.35;



respect to the electric current generated in the first

branch. 8. An antenna according to Caim7 wherein
weawd/kswhape having an X branch and an ort hogomal.20¥5/000295

branch, and wherein: - the length A of the X branch

and the length B of the Y branqly are substantially

i dentical and depend on said predefined frequency

PorodorTahs d OF hE SRRy fmolathc on Sid il
PCT/ - 3 i dth o~ t o

br angﬁéggrgég%%?@ﬁ gd é?lae f)érlgﬁ%ﬂ @aedszci P éfq\ﬁtelggrﬁl%ﬁ%%"g of
accopdiong ¢.20t he relation: C = K2 X0, K2 is in the
range of 0.10 to 0.20; - the length D between the X
brantie khgtaDdbetpeen thadi htancel of] ssémppearatiiatieg Xlement

branch of said | ower radiating_ elenent depenpd on said
pr edeépd el % beprdnel S%@clﬁwﬁr ﬁ'@dnaémtgh%lerreqnaﬁe@ﬁnd or=sid

X0, K3.js.l the r f 0 3:10 -ythe- lengt h E
pet wetsteTned e EntR B dlndidipsertodon Pimacefionent
and gherawoPlognchiph gsai d | ower radiating el enent
depend on-said  predefined frequency according to the

r el athokngth E hetwxon thel Yi branch oftenid aipger eddifitidg etement
0.6; wherein X is the wavel ength of said predefined

f r eq@e@dhe i baanch of said lgmtesiadiatinoeigmant tdepang wneaid

of Cl ai 1.t0o 3 wherein sai redef.i ned pol arizati an
"y abpidRgpd Sraberbgarefratinto uf SfuMRCE Rt g o
d ai reinh sahe. radi ati ng el enents conpri sing
r adi giilﬁigl}?\g‘%glozgégnﬁgbﬁévi ng first and second branches

arwhegad) i the waelingtiaodksd wrédefigspieguéyeiacdir.
other. 11. An antenna according to Caim 10 wherein: -

o]

%ai d dppentamd hovwdingadd aanyhgonsl exfehilsinay €l to 3 wherein said
S trically .arranged such that the first branches
Peede; W@d@agaé?zya&ﬁa If g ek pRiRERadoRr ¢ i n

10. An antenna according to Claim 9 wherein said radiating elements
comprising radiating elements having first and second branches arranged in an
acute angle with respect to each other.
11. An antenna according to Claim 10 wherein:
- said upper and lower radiating elements are symmetrically arranged
such that the first branches of the upper and lower elements are in
parallel; and
- the electrical length of said first branch is 0.5\, wherein A is the
wavelength of said predefined frequency in air.
12. An antenna according to any one of Claims 1 to 3 wherein said pair of
substantially identical upper and lower radiating elements disposed on said upper
and lower faces yields gain increase in the range of 1dB-3dB.
13. An antenna for transmitting and/or receiving electromagnetic waves of at
least one predefined frequency and a predefined polarization, the antenna
comprising a multi-layered substrate structure having a dielectric substrate with

upper and lower faces; at least one pair of substantially identical upper and lower



parallel; and - the electrical length of said first

branch is 0.5X0, wherein X0 is the wavelength of said
wonred@tsrwed frequency in air. 12. An antenna aeCcomOiong000295

to any one of Clainms 1 to 3 wherein said pair of

substantially identical upper_ggd |ower radiating

el ements di sposed on said upper and | ower faces

L PEASERE, b A 1P 02 0k B ol it
<P TS UG, e S OB REEHETAT S ppmscnci

WaQBP ith ") phald| ddntdraysard stbsprededinddd YWositidh; héydh @adiating
a dielectric substrate with upper and | ower faces; at

eleswst comgrisaig afadsatht demienl dnyd ademisinciabiondjes, thegeometrical
| ower, WO 2005/.088768, PCT/ | 1.2005/.000295 -19 radiating .

dungmienssovdnes dapad enisaid prsdeiined) Irenuency s gaeh peReof said

DR Heony S B RO, B BbirPEnh B Hociningglement in

thM kel fRase center |ocated at a predefined position;
each radiating elenment conprising a radiating el ement
and thet tramssmission dmek iofi¢he ugper gadiever eddments wevghprach other;
of which depend on said predefined frequency; in each
pai r thef ragliating elgieats oythe|unpsnend dowrs alppentsfatedoeatad

{ aceSPPOTREY Y sfidne 8t SihitPhrit BF ¥ bt priend i rgngpe
el enpite QVEk! GIRaATD sﬁ’ﬁs{f‘r‘%[é such g Fl"i‘é“ %éaé‘ger‘?ﬂe?%‘?”ché
of the upper an oner el enents are ocate

opposiw& Yadiatig@célemichersubbthitidles neth cidesanithariiee phase
perpendicular to the plane of the dielectric
substenteeof thealppehzadiatieg pleasat.center of the | ower

radi ati ng el ement substanti, al oi nci des, with_the
lﬂhaseAnc%‘HF‘é‘Pa 8fcar E‘&J@p&almaif?yé(‘t' %@%ﬁ@mﬁﬂwer% substrate
[yng to Claim 13 wherein said
S@u#@ﬁﬁzf?é?(g@%mst rate structure is conformal. 15.
14N anh@nNAdeAsS Acdrdthd @ Clainin1wWwheRsiAl aidaidlti-layered substrate

mul ti-layered substrate structure is substantidlly
stphetner is substantially planar.
16. An antenna according to any one of Claims 13 to 15 wherein said
predefined polarization is a circular polarization, and wherein each of said
radiating elements is capable of radiating electromagnetic waves of a circular
polarization.

17. An antenna according to Claim 16 wherein said radiating elements
comprising radiating elements having a substantial L_-shape.

18. An antenna according to Claim 16 wherein said radiating elements
comprising radiating elements having an L-shape.

19. An antenna according to Claim 18 wherein said L-shape having first and
second branches and a feed point located on said second branch such that the

electric current generated in the second branch is phase delayed at 90° with

respect to the electric current generated in the first branch.



16. An antenna according to any one of Clainms 13 to 15

wherein said predefined polarization is a circular
woab@rosgmsi on, and wherein each of said radi aPCIEL2005/000295

el enents i s capable of radiating el ectromagneti c waves

of a circular polarization. 1545 An antenna according

to Caim1l6 wherein said radiating el enents

onmprising radiating el enents havi a_substant.i_al . .
2D. shapd! ARtgnnaACkAT Haatoaaexsr%engof? SIS A1 vierdisrein said

' i af i P tsj.ng radi ating el ements
P gq/egir%ﬂ?ﬁ?@ié%ggésQﬁi@@%&lgﬂ?&éﬁ% according to Caim
218 wWheyieiaftchdhdadeosdiapetdaviaid DOr sheddlfl sfi@CAHating elements
branches and a feed point |ocated on said second
chmpmisings rechatinmtleniemts bheiogr ficst cand setongleimnahesd armnged in an
the second branch is phase delayed at 90 with respect
aPBtet%keWétbtr%ReCEm?@%{Oté%fner ated in the first branch.

2005/ 088768 PCT4.1 L2005/.000295, -20 20. An antenna
2B cor ARHUEB Lt THHBESE Sl AL o5 wher ein <l d
predehiinghePeh@ldwat ladhiting dethbRe re&?‘;ﬁhb&&‘all?rhrreﬁ%ed
An anten according to Crai m 20 eréin sad
r adi auchn that lteeréindtsbranchragrafsthe mpsadi aald lgvezl demphs are in

having first and second branches arranged in an acute
angl ®avilleh andspect to each other. 22. An antenna

[ t im21 wh in. - id d
" 4 AgckRablRed Bf 8l itimbah iy Wobartedens el the
that \tReidicfiobe DIARERRTIRN i eHeReh agnd | over
ra enl, and -

elements are In p he €el'ectrical |ength

26f saixh intesda Aicdndingits dbly DKE. oMEigisN] Kb 15 witgein said pair of
wavel e;n?t h of said predefined frequency in air. 23. An
substential [yackeotichlngpeo andyowereradiatfh @ elenads tisposed on said upper

cBAJOT Y sist R 291 rereivepanaraped eh 1684 Ubper
2400 bl ooy RO L MAGEETTEebR! B JAISFThe andor
réQivingaBiRBirbinh B8Rt Was of at least one predefined frequency and a
predefined polarization, the antenna having a dielectric substrate with upper and
lower faces; at least one pair of substantially identical upper and lower radiating
elements disposed on said upper and lower faces of the dielectric substrate; said
radiating elements comprising radiating elements having first and second
branches, the method comprising:
- determining a planar arrangement and geometrical dimensions of
said first and second branches in accordance with said predefined
polarization and said at least one predefined frequency;
- associating each of the radiating elements in the upper face with a
corresponding radiating element in the lower face, such that the
phase center of the lower radiating element substantially coincides

with the phase center of the upper radiating element. J



recei ving el ectromagneti c waves of at |east one

predefined frequency and a predefined polarization,
woheosasgwana having a dielectric substrate w t RCOUR®N5/000295

and |ower faces; at |east one pair of substantially

i dentical upper and |ower radiat;ing elements disposed

on said upper and |l ower faces o6f the dielectric

ubstrat e;

2805 Bl LS ) SRR SOTBLL S Bt s
S T R R

radistireEentoBb SR IeFal & GCL e elARe poMiiAatal d predefined
pol ar1 zation and said at | east one predefined

26y equAnaysthed assocdiagi by Eaoh o5 twikereadi safid ngpdiating  elements
el ements_in the upper face wth a correspondi ng

CQIARTISE Tadiatireplemeninhaing poRRd-shede; such that the
hase,center, of the |ower. radiating el nt .

28 bet anftrinerykeidis WU T 25\t il Pelisbapes apd-shape.

280per A adhfd NEoehiRERALCIa UL 2270%&8%7§ﬁd L-éha e having first and
PCT/ 1 L2005/ 000295 - 21 25. A nethod accor |n% to

sédonidrbradcivdsesrel a fad daitehirbicae dnpsdidrdezand dranch sach that the
circular polarization and wherein each of said )
elegtticacirigniegemsated ins thepedsing dranehads athang delayed at 90° with

S IR Tt PhL A SRR 2 e 2,
29, TR BelRBEL 452, IR =080 1 183 g on X

bfaicH aBenRe-stRROnkE Yaitahels hadewhe?8in: A met hod accordi ng
to Caim27 wherein said L-shape having first and
secotie lengticAesf thedX dramdhdapbilne l1¢ngthtedf dhe Sabdanch are

second branch such that  the | ectri.¢ current

gene?‘gis&‘im ¥t rffenglsé Aad kfp%’ﬁea P8 imﬁs@reé@ 1854 drequengy

wth_r C h | ecty LGg-cyrrent._ gener at i

fir sf‘c%’?gﬁgh& tii‘g .rélﬂaﬁgt %o? ag%b?k@ﬁ g g ea‘ia%%%f{b'g 8

wher giya.sai d L-shape having an X branch and an

ort hogonal Y branch, and wherein: - the length A of

t he dhebwadthh Guiod thdi&X landdi bréhcliest Bepeidbomnsald prezlefined

substantially identical and depend_on said predefined

f r eqiieAusncy according to the relation:” C = K %, K; is in the range of
0.10 to 0.20;

- the length D between the X branch of said upper radiating element
and the X branch of said lower radiating element depend on said
predefined frequency according to the relation: D = K5 A, K; is in
the range of 0.3 to 0.6;

- the length E between the Y branch of said upper radiating element
and the Y branch of said lower radiating element depend on said
predefined frequency according to the relation: E = K4 4y, K4 is in
the range of 0.3 to 0.6;

wherein ) is the wavelength of said predefined frequency in air.

30. A method according to Claim 24 wherein said predefined polarization is

a linear polarization.



according to the relation: AL B = Kl ?co, KL is in the
range of 0.3 to 0.35; - the widths C of the X and Y

wonresokegms depend on said predefined e of fregUaemc3r05/000295
according to the relation: C= K2 ?~,0, K2is in the
range of 0.10 to 0.20; - the_lze?gth D between the X
branch of sai d upper radiating elenment and the X

ranc ald | o radl i.ng e depend o sai
3gr ede ’Pﬁie V\@Fgaé% G‘r‘% %(L ‘P’nﬁ%‘eﬂ%l e ofp @m-*g @ements
n n
éﬂ%éonsg’ Ija?]ﬁlltlﬂo %}Qﬁeﬁﬁ H?“sa|1gr% %rgdr %ego d bltrﬁlg lgge%lré%é%d in an
a8ie ahbR Withhadelt &f et dhéover radi atl ng el enent
depend on sai predefi ned frequency according to the

32el at homettied-adédrdxag t&kClaim 3 h whéreimange of 0.3 to
0.6; wherein X is the wavel ength of said predefined
f req@@ﬁldgppﬁh anpgd fowggradiqtingrhshentcdiedymynesioally aranged

wher ej ai [-.e rization i

ro a.svf?aﬁ} binE iS008 a3 B bl eati e in
? oﬁqildaccorm ng to Caim30 wherein said

radl ting el ements conprise radiating el ements having

fir stheaeldc@mbmgﬁ{ afi cdadd fiagtr lawagel is N0.&R,, wheted ANy the
w th resEeect to each other. 32. A nethod according to
C ai wayekengtepbsaid pre@é‘lr@dlfmremﬁdnla@mer radi ati ng

i ot 14 ML MBFOIHES (o OB QT ROREPS LIt nand i qrpprising a
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to any one of Clainms 1 to 23, further conprising a
thereby allowing transformation between linear and circular polarization.
34. The antenna according to any one of Claims 1 to 8, 12 to 19 and 23,
wherein the phase centers of adjacent pairs of radiating elements are distant no
less than 0.8)y, Ay is the wavelength of said predefined frequency in air; said
support constituting a first support and said antenna further comprising a second
support, substantially identical to said first support; the second support is rotated
by 180° with respect to the first support and shifted such that radiating elements
disposed on said second support are located above non-radiating portions of the
first support, thereby providing over the same area right-hand and left-hand
circular polarization.
35. A method according to any one of Claims 24 to 32, further comprising;:

- covering substantially each of the radiating elements in the upper face
with a polarizer, thereby allowing transformation between linear and
circular polarization.

36. A method according to any one of Claims 24 to 29 wherein the phase
centers of adjacent pairs of radiating elements are distant no less than 0.8Ag, A is
the wavelength of said predefined frequency in air; said antenna having a second

support, substantially identical to said dielectric support; the second support is



pol ari zer nmounted on top of the upper face of said

support such that substantially all radiating
wehermmesss di sposed on said support are cover edpPoy/I1L1v65/000295

pol ari zer, thereby allow ng transformation between

l'i near and circular polarizatiopn _34. The antenna

according to any one of d ains to 8, 12 to 19 and

23, wherein the phase centers of adjacent pairs of
rotaigiaby np08| widintespagte teli Beadiclefdric] Bmporhandostiied sugh that

A S TER 2 B8 SR ST b non

A o i 1 . o Q . . o _
AT TR SLPbOR. BPESPBItyaHBNA the ppge ara i
h&et ot FURR Eirdifaf pdlakedtiony 180 with respect to the

first support and shifted such that radiating el enents

di sposed on said second support are | ocated above
non-radi ati ng portions of the first support, thereby
provi ding over the sane area right-hand and | eft-hand
circular polarization. 35. A nethod according to any
one of Clainms 24 to 32, further conprising: - covering
substantially each of the radiating elenments in the
upper face wth a polarizer, thereby allow ng
transformati on between linear and circular

pol ari zation. 36. A nethod according to any one of
Claims 24 to 29 wherein the phase centers of adjacent
pairs of radiating elenments are distant no | ess than
0.8X0, X0 is the wavel ength of said predefined
frequency in air; said antenna having a second
support, substantially identical to said dielectric
support; the second support is WO 2005/ 088768

PCT/ 1 L2005/ 000295 -23 rotated by 180 with respect to
the dielectric support and shifted such that

radi ati ng el enents di sposed on said second support are
| ocat ed above non- radiating portions of the first
support, thereby providing over the sane area right-
hand and | eft-hand circul ar polarization.



