-1- H gh Gain Antenna for M crowave Frequencies FlIELD
OF THE INVENTION This invention relates generally to
the field of high-frequency antennas and particularly
to the field of planar and conformal antennas for high
frequency m crowaves. BACKEROUND OF THE | NVENTI ON
Planar (or flat-plate) and confornmal antennas for high
frequency riiphaBginAfteARST: dicBBwade Fredubnéaisi OUS
parts of 0.1-40GHz range) are nowadays w dely in use
for exanple, in radio broadcasting, nobile
communi cation, and satellite communication. Such
antennas can provide circular polarization and i near
pol ari zati on, based on their specific configuration.
Generally, printed conformal and pl anar antennas are
built on a nultilayered substrate structure (e.qg.
PCB, printed circuit board) and include, inter alia,
a dielectric substrate and an array of radiating
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miciowast§ ate. Planar antennas are produced, for exanple,
: by printing, in the so- called "mcrostrip" 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 elexnents depending on their gain as
well as on the overail 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 elenents of the first side. US Patent
application No. 2003/0218571 di scl oses an ant enna
having Ilinear and circul ar pol arization, which uses
di poles as radiating el enents2-and has an orthogona
characteristic in both |inear and circul ar
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2003/ 0063031 also relate to planar antennas.
second bending portion are close and opposite to each other, such that the first

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, presént 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,



There is a need in the art for a new pl anar/conformal
antenna. -3- SUMVARY OF THE | NVENTI ON Enbodi nent s of
the present invention provide for planar and conformal
antennas for transmtting and/or receiving
el ectromagneti c waves of at |east one predefined
frequency in the range of 0.1-40GHz, and a predefined
pol ari zati on. The antenna according to the invention
provi des circul ar pol arizat+43en, |inear polarization,
based on its specific predefined configuration. In
accordance with a first aspect of the present
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of radiating elements, having substantially the same geometrical dimensions; and low
axial ratio over large portion of the radiated beam.

According to an 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.




Di scl osed herein is an antenna for transmtting and/or
recei ving el ectromagneti c waves of at |east one
predefi ned frequency and a predefined pol arization,
the antenna conprising a nulti-Ilayered substrate
structure having a dielectric substrate with upper
and | ower faces; at |east one pair of substantially
i dentical upper and |ower radiating elenents di sposed
on said upper and |ower facds of the dielectric
substrate; each radiating elenment transmtting and/or
recei ving el ectromagneti c waves with a phase center
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frequency and selecting a |ocation for said feed point

to cause a 90 phase delay between the electric

current generated in the first and second branched,

the radi ati ng el enent thereby being configured for

generating el ectromagnetic field with circular
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embodiment will now be described, by way of non-limiting example
only, with reference to the accompanying drawings, in which:

Fig. 1 is a cross-sectional view of a flat microwave antenna;

Fig. 2 is a top view of an antenna according to an embodiment of the invention;

Figs. 3a-3b are schematic illustrations of the structure of an element of the
antenna of Fig. 2, from respectively, top and side views;

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 ¢lements of an antenna

according to yet another embodiment of the invention.



INVENTION Fig. 1 is a general cross-sectional view of
a flat mcrowave antenna 8 for high frequency

m crowave transm ssion (e.g. in various parts of
0.1-40GHz range). The antenna 8 has a nultil ayer
structure and conprises, interélia, at |east one PCB
(Printed Circuit Board) 10 nade of a dielectric
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conmer ci al por at i on,
INVENTIONUSA, having relative permittivity s. = 2.2.
The PCB 10 has two faces, 10a (upper face) and 10b
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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 Spéciﬁc 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



radi ati ng el ements 21 di sposed on face 10a is paired
Wi th a corresponding radiating elenent disposed on
face 10b in a conplenmentary nmanner that will be -7-
di scussed in detail further below The transm ssion
lines of the paired radiating-7elenments substantially
overl ay each other (the so-called "twin |ine"
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e
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Fig.8di ating el enents 21 conprises a bend-shaped el enent
22 _connec 0 a tragsm’ ssion, line 23 via feed point
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polarization 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



capabl e of radiating el ectromagneti c waves of a

circular polarization, and the paired elenents 21 are

aligned with respect to each other in a relatively

conpact spatial arrangenent, in a predefined manner,
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The I engths A and B of the X and Y branches are
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e above |one operating frequency
( 8GFi) Aﬁarml)g equal 12.5mm The width C of the X and
e

Y branches is defined as follows: . )
Wherein K; is in the range of 0.3 to 0.35, e.g. K;=0.33, and wherein A is

“the wavelength of the operating frequency in air. Thus, in the above mentioned

operating frequency (8GHz), A and B equal 12.5mm.
The width C of the X and Y branches is defined as follows:
[2]1 C=Ka kg
Wherein K; is in the range of 0.10 to 0.20, e.g. X»=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




[2] C = K2 ko Wherein K2 is in the range of 0.10 to O
.20, e.g. K2=0.106. In the exanple of Fig. 3a
(operating frequency of 8 GHz), C equals 4nm The feed
point 25 is connected to one of the branches, the Y
branch in the exanple of Fig.g93a. The l[ocation of the
connection determ nes the delay between the current
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lower elements substantlally 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:

Length 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:

[31 D=K3%

14 E=K4M

wherein K; and K, are in the range of 0.3 t0 0.6, e.g. K3 equals 0.57 Ay and
K4 equals 0.41 Ay. Note that D and E need not be identical. Also note that upper
and lower radiating elements need not be in full symumetry 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 Ay, the gain of the antenna may increase



| ower el enments substantially coincide, yielding high
| evel of antenna perfornmance. According to an
enbodi ment of the invention, the upper and | ower
el ements are oppositely and adjacently aligned in the
foll owi ng manner: Length D betifen the X branch of
sai d upper radiating elenment and the X branch of said
dho¥ethd atbrédsend Mk @RalerNdriabe o&“whﬁte elét%»@ﬁeﬁ A8 axial
Y branch of said upper radiating el enment
rafioe(ishmensura ol themﬁﬁnmaadraﬂamig' @l ¥sexis of smnmetsy) isiadreased,
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with each other. Note at D and E val ues ot her than

shaven ipBig Qoo denete & W@@g teeiphase ogutens of-adjacent aaps squst be

se D o xceeds 0.6 A0, the gain of the
I‘%ﬂ@éﬁﬁg&%@ﬁ%%égg - to due to the increase in
t he llgglglyﬁd.eanq%f ace of the antenna. However the
axial ® ratio (the neasure of the antenna circularity

on i Inlsthamb@vefdlso}mamhrwjth irsfarermectaskigs. 2 mdo’:‘aslelghe aelative
t he e?,ent nvention agasulutrategln Fig
aligignens of fipep @Fﬁéﬁglemfsef isgprepated, pparo divae hsiaihonly, namely
[
wifiberh e VRIS U et ¥ BeE o e MO 18 XBmgrer,
thereltivayali@finerahofvihd Halred . eléheni 24 6§ Gidtudllp deifed ifi RBree-
phase centers of adjacent pairs nust be kept at a

dimensighs, rarguo dbe fpdmleoué the[ BCB. Hxend pisoxglong thherthbgonral Z
withr ef 0 d 3a-;3b, th
i 1308 Jo g Ve el oF e av i, {8 P CBeRliies Showiin Fig. 3b)
[ 9 I
PSSR0 S T8 DO R
cohfidetdtiony afong theeZ aeisairdvie ddﬂr&f’the t‘éla@i‘re thenment' fdthe paired
element 21 is actually defined in th
elements in two-dimensions only. The width w of the PCB 10 needs to be very
small with respect to A, the wavelength corresponding to the operating frequency

of the antenna, e.g. less than 0.05 A or 0.1\ 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 IT 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 mensions, i.e. onto the plane of the PCB 10 and al so

al ong the orthogonal Z axis. Due to the very snmall

wi dth w of the PCB 10 (as shown in Fig. 3b),

typically about 0.1-0.5mm it is possible to disregard

the relative alignment considerations along the Z

axis and to define the relative alignnent of the
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aCCOTdI ng to an e I ment o I nvention

chaiit oftherinppoinapédaate.on configuration shown in Fig 3a,
relating to operating frequencies in  the range of

8- 9&rpording ft@m%mothﬁrgemlwumam ttlmng@nhor@ %Feslﬁ rpgm@ded

an g afPPE fof Hond PR AR Thbrt il ot hesealnfick of the
dedigy bPd sirfBl® sAdiRtihE blamdii s %Fas&ﬁ@ 'ﬁiréﬂ ?@dlaﬁiﬁg"?l‘éﬁieﬂfksm the

aS described above with reference "'to Fig. 3a 1s
lquxﬂmmtmmmnﬁgwmms Fig. 5b shows the sinulated
rag% |on pattern of the pair of radiatjng el enments.

CRERGSH 1 IO Jnadfe te ofigefentllusipting the “structure of paired
radiating elements 35 of an antenna according to an embodiment of the invention

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 inventioﬁ, 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




for phi = 0 and graph B represents the conponent
Ethfor phi = 0. Fig. 5¢ shows the return loss in dB
(the so-called S11). Fig. 5d shows the axial ratio at
(0,0) (the so-called Broad side direction). Fig. 5e
shows the so-called "Smth chgrt" of the input

i npedance. According to yet another enbodi nent of the
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followingnenhpln Thie geppetricab dilnensions adi the | ftuteehigfed beanches
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aceqyeling fpdhgdellewing example pzgpes fallowser eat ed, as shown in
Fi gaq.64. AG di t.0.an ephodi pent, of. t i nvention,
+ he ThEtertif TG e bif Bt 1f A g oIy Bagfion:
cpnt'jr]ggraq{sox]) conpri ses bend-shaped el enents havi ng
fi.rstt and 'second branches arranged in an acute angle

wi t WhersimeKs i$ in deeciange vfr().3 6.4 ppge K =036 ané wherein iy is

radi ating el ements are arranged in a substantially
ﬂlesvﬁﬂ%ﬁlgt%aﬁf thepopespting fequencioin #ist hhesdaghembpyetmentionsd

* xR (oGl troddehby AF 8P G ol L8R oo engi o
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X0 is the wavel ength of said predefine frequency 1 n

is deifined by thefelowinglequatimnh of the first branches of the

upp nd_lqwer radiating elenents, by itself,
'opefglt §“§'§O)‘a radi ating el enment in |inear

Wherein K is in the range of 0.3 to 0.35, e.g. K5=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=K72%

Wherein K is in the range of 0.015 to 0.025, e.g. K;=0.02, and wherein Ay
is the wavelength of the operating frequency in air. Thus, in the above-mentioned
operating frequency (8GHz), I equals lmm. 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



pol ari zation. In the foll ow ng exanple, the PCB
material is having relative permttivity & = 2.2 and
width w= 0.51m. Note that the invention is not bound
by the follow ng exanple. The geonetrical dinmensions
of the acute-angl ed branches._.jaccording to the
follow ng exanple are as follows: The length G of the
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operating frequency in air. Thus, in the )
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elghpt e 2 figitietertof 82 G CHeah ek Fermesendy oot B or
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adfé%gquency in air. Thus,, in the above nentioned,

fothe ghtenmapidhe yayestion workingingitcularpplarization;(gn shown
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the wavel ength of the operating frequency in air.
to Wk, ini circubar polavizatiemts eclddvedpersashown fin dtigeBeg polarizing
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ard lused, nyefairira toheame i lefeflts).6 Then thﬁ‘izeﬂ fer &dsigited to cover
frequency range of 8-9GHz, as follows. Fig. 7a shows
subsianilally ghie i eniire upper shrfpesiafidhee entesna (uthecyy gllaneeshown in

Fig(st Eg and ﬁfﬁl . lﬂde thlsépmtegs § t%%tp()lériz@r%as Ekiyﬁfc‘:%i“?azhé‘ Between 2cm
‘and 3cm.
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
§ 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
clement 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 lefi-hand
circular polarization over the same area. Antenna 900 comprises PCB 910, which

is of the kind described hereinbefore (e.g. element 10 shown in Figs. 1, 2 and 3a).



return loss in dB (the so-called Slt), of one paired

el emrent, in the frequency range of 8-9CGHz, and Fig.

7c shows the polar elevation pattern of the paired

el enent at the frequency of 8.2GHz. Graph A represents

t he component Etheta for phi 490 and graph B
represents the conponent Eph; for phi = 0. According
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W‘H&ﬁ Fach laver 3 gea% fafiaare Poriad ﬁ(mrﬁér%uara self-excplanatory

l.gned to cover substantially the entire upper
surtace of the antenna (in the xy plane shown in

F. g he Idiatisl SBmenithard fHackd apart ohtd PERROIIW arP92¢'afd PCB
typi cal val ue between 2cm and 3cm Using the above
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range of e return loss Is SU
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al o t guency band. This neans that a
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neasure ino e ‘el enen
betﬁzben hhn/\phﬁeg:entdﬂs bt @.dja'i)ént paired BRingIte 6RMNbp ©fGhe 88me PCB.
in Fig 4A-4D) present a gain of 8dB| and

PCBD?E) %1989 rﬂrﬁ §pacssl ﬂpaﬂtlfg@n one anothehbyen small distance, e.g.
0.1 SEAVEY B s B BT e R i iment of
the il ows using two identical printed antenna boards in combination,
in an efficient manner, to provide over the same area right-hand or lefi-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



circul ar polarization over the same area. Antenna 900
conprises PCB 910, which 1is of the kind described

her ei nbefore (e.g. elenent 10 shown in Figs. 1, 2 and
3a). -14- PCB 910 has two faces, 910a (upper face) and
910b (l ower face), on which -rnadiating elenments of the
present invention (e.g. elenents 21 shown in Fig. 3a)
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coRfitnfaf dh@hh4) gwhi%ﬁrdd tho *afh%rf&e %hcgs@B%hapg g :aefé?ﬁﬁned by

destructive i nfl uence etvveen el ement

cohaglamao(lpoaheﬂ OthaRCBle@2fmagnepiceV fort ekample, aerodynamic or
el ements i s, defined by the

ngepent t he
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ot wat iryestich. ad’ dehifed B8 achiif Sl Stk o AL Aberating
freqierici  Biiling)avidaACthRGRNgePER RIQIBN At WHOuRT DeSAGEEthat the

apart fromone anot her by a small distance, e.g.
invgntiow js pbbhlmhed dyathihspedific dxample, fand issaifitableoto operate in a
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S0 Gt FOEREL 450 By b B4 St
dﬂﬁsﬁzéﬁﬁﬁgﬁﬁﬁ@ﬁﬁﬂﬁﬁﬁézﬂ?' T o2 Foge JRAECand
arrgngeiment. {lhe imvention veas drscribediwith referénasftotarprinted doufigurgtion
(ut@&mgl 3 gﬁg(() evrvmg{]?té Si'f 1ouaﬁ 1:|»e| rlxclftg rﬂ%tetﬁe Ilﬁ]vefllu n is %)ot &umted by
this configuration. It should also be noted that in the range of relatively lower
frequencies (e.g. 1GHz and less), A equals 30cm or more, 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



the phase centers of the upper and | ower el enents
bei ng superposing, thereby vyielding high gain. If a
different structure is used, in which the arns of the
upper and |l ower elenments do not overlap (i.e. the
phase centers do not coincide)lp-the resultant
radi ation pattern is dis-equilibrated, yielding
alfd?étﬁin's w8l Yndcﬁﬁbﬁﬁv'nﬁ may BEERRE DUt WAtRLE @Ep rAnB Hon® 'Ehe scope
the performance of such a structure, the elenBnts -
ofitbe thltowibe Cldimgned such that rnutual coupling betmeen
adj acent elenments will not provide distractive
i nfluence. The invention was described in details with
reference to a planar configuration, in which the
radi ating el enents are di sposed onto both faces of a
pl anar support. It should be noted that the invention
is not limted by the above- described pl anar
configuration and other arrangenments are possible
within the scope of the invention. For exanple, the
invention can be inplenented as a- conformal  antenna,
whi ch confornms to a surface whose shape is determ ned
by considerations other than el ectromagnetic, for
exanpl e, aerodynam c or hydrodynam c, or other -
non- pl anar configurations. The invention was descri bed
in detail with reference to the operating frequencies
falling within the range of 8-9GH. 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
woul d result in change in the geonetrical dinensions
of the radiating elenments and their respective planar
- layout and arrangenent. The invention was descri bed
with reference to a printed configuration (utilizing
a PCB), however it should be noted that the invention
is not limted by this configuration. It should al so
be noted that in the range of relatively |ower
frequencies (e.g. 1GHz and less), X equals 30cm or
nore, thus allow ng the use radiating elenents nmade
of nmetal, as well as the use of air spacers, foam
| ayers, etc.
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The invention was described with reference to a single

PCB configuration, in which the PCB has the radiating

el enents di sposed on both its faces. It should be

noted that the invention can be inplenented in another
configuration, in which t 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 with a certain degree of particularity, but
those versed in the art will readily appreciate that
AIIADMS:- 16- alterations and nodifications nmay be

carried out without departing fromthe scope of the
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for transmtting and/ or receiving el ectronmagnelic

waves offat deadteast pudefipee dedqueady fandquemedefared polarization, the
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cause a 90 phase delay between the electric current
spdetedht@dause a A8° phasesdelay beteeonthetrlestohasyrenhgenerated in the

adi at.ing el.enment. thereby being configured for 10
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pl anar. 15 3. An antenna according to Caim1 wherein
sai d bend-shape is an L-shape. 4. An antenna
Zccor dingntenn@l @icordinghter@ammshivehdreinhaup@® shpporogs @bnormal or

branch and_an orthogonal Y branch, and wherein:
substantially planar.

3. An antenna according to Claim 1 wherein said bend-shape is an L-shape.

4. An antenna according to Claim 4 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 XA, K is in the range of 0.3 to
0.35;

- the widths C of the X and Y branches depend on said predefined
frequency according to the relation: C = K, Ay, 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
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- the length A of the X branch and the |length B of the
Y branch are 20 substantially identical and depend on
sai d predefined frequency according to the relation:
A, B=K 4, K isinthe range of 0.3 to 0.35; - the
widths C of the X and Y bggnches depend on said
predefined frequency according to the relation: C =
K2 4, K2 is in the range of 25 0.10 to 0.20; - the

| ength D between the X branch of said upper radiating
element and the X branch of said | ower radiating

el ement depend on said 18 predefined frequenc o
accor Brasgined freguentnacemding te tkg ralating: Ds=iky X{tﬂ@a is in
range,of 0.3 %ﬁ O.qi the length E between the Y branch
of saflf [PBEPT PadicdlPng el ement and the Y branch of

sai d it eg}q[gﬁ i,.Q:

pr edepﬁﬁggﬁgq%gﬁg% glcecor [ ﬁg}?tg g Q%ﬁgﬁb@? g?clhgﬁzzlg I::alegn ?&f
X0, Kdnd shé IY bidiehréhgad dbwer Badigtiflg @lenibretr @dpend Gl Said
the wavel ength of said predefined frequency in air. 5.
An anpedefined dmquiney accofilimigniolthetrelation: Ear K pky, Kofs in

subst gnti al | 0 identical upper and |ower radiating
el eneﬁlesraag%éggéom&ﬁgsai d upper and lower faces

2 eiReOlds FAT L E0REne i ARaPafR MRt s D

of substantially identical upper and | ower radiating

el ements, the upper and |lower 15 elenents are | ocated
Bpposi Asl gnteonze acbomiige rto WCidinr éspdetein osadd plaanef substantially
perpendi cul ar to the plane of the support, such that

idgatical yrner agdrlemar dadiafingdementssdispased o Aidpipnesrand lower

f the er.element is ali Lt.h the current
%ﬁ%pg}(ﬁ?ﬁé)aqlﬁnqrﬁ%seflprth? 1‘%@3@?31#8 anch of the |ower
el ement, respectively. 20 7. An antenna according to
Claim6 wherein in each pair, the upper and

6. An antenna according to Claim | wherein in each said pair of
substantially identical upper and lower radiating elements, the upper and lower
clements are located oppositely to each other with respect to a plane
perpendicular to the plane of the support, such that the current generated in the
first or second branch of the upper element is aligned with the current generated

in the first or second branch of the lower element, respectively.

7. An antenna according to Claim 6 wherein in each pair, the upper and
lower radiating elements are located with respect to each other such that the
phase center of the lower radiating element substantially coincides with the phase

center of the upper radiating element,

8. An antenna according to Claim 1 wherein each radiating element is

associated with a transmission line and wherein the transmission lines of the

‘upper and lower elements overlay each other.
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| ower radiating elements are |located with respect to
each other such that the phase center of the | ower
radi ati ng el enent substantially coincides with the
phase center of the upper radiating elenent. 25 8. An
antenna according to Claiggl wherei n each radi ating
element is associated w a transm ssion |line and
wherein the transnmission lines of the upper and | ower

- elements overlay each other. 19 9. A nethod for

providing a planar antenna for transmtting and/or
recei ving el ectromagnetic waves of at |east one

Br edef Andbethpd gln djodding a mleer aptsangolfer itransmatiing and/or
the. antenna having. a dielectric substrat i t er

bGP Pt el v o Forlf 0 Piiptineg gy and
| ' - 4ANhel Ak | -

BFZBALE boleRRfigRl Mg Rk Wi BRe with upper and
Thvedrefated; @t $edss bnatpair oft wbpaatinNeligentRat bppédiat l0veer radiating
el ement has a bend shape defining first and second

plemeatre dispeded onf saidedppdrt and lower fpetsnof thialiekettnind substrate,

OB orachi GGG Qe BRnt BBy & rotag deqgiem gt and second
%e&' BRASE 4R 4t 0. sal 10

g{aggg | neddirg rqu(gncy %ﬁ%gdéglég#&n%%gqmﬁﬁﬁngbr sai d

feed gabfhinig: @aplfataGnghned el a¥oleteWifeasions of

electric current generated in the first and second

br ancssed firsthand setoaditrgnaiesmeraccotianebwitlesaid at least one
r. generating. electromagnetic field with

configured f ]
circ L@rgdegmcgfrueﬂa@mfdfnan%elqmngea }Raaten 19E seiddicad post to
Cdaim9 wh ' id.,bent . sh [ . L-sh havi
o X Gshey o0 nEsE GeIRR soRart e, Fledllie comam prieared dn
t he ltﬁ@%:ﬁl@{)&hﬂﬁbﬁﬂh@ﬂ‘:h and the length B of the Y

branch are “substantially identical and depend on said

pr gistef iddediny eglupRey (hRPeREChEifiNGohfighhel Rk algentratifi
B=K 4, Kt"is in the range of 0.3 to
electromagnetic field with circular polarization.

10. A method according to Claim 9 wherein said bent shape in an 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, A, K is in the range of 0.3 to
0.35;

- the widths C of the X and Y branches depend on said predefined
frequency according to the relation: C = K; A, 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 = K3 A, K; is in
the range of 0.3 to 0.6;
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0.35; - the widths C of the X and Y branches depend on
said predefined frequency according to the relation:
C=K2 Ao, K2 is in the range of 0.10 to 0.20; 25 -
the length D between the X branch of said upper

radi ati ng el enent and thg X branch of said | oner

radi ati ng el enent depend H said predefined frequency
according to the relation: D= K3 A0, K3 is in the
range of 0.3 to 0.6; 20 the length E between the Y
branch of said upper radiating elenment and the Y
branch of said | ower radiating el enent depend on said
pr edethanisngth Echatwesn o & biangh tof seideuppmratdiating EBlemegt

e AUk RIEchSl S et IRt ceragl rmeos o said
| BREREREA HERERLY Seodtalgfio g ol ST By

| ocat tHegrahBe @ 0oPRAski el y to each other with respect
to a plane perpendicular to the 10 plane of the

supplerein kpistthe havelengticof said pragiefiecd teduency heaifi r st
or second branch of the upper elenent is aligned with
the current generated in the first or second branch

t he,l ower .el enent spegti vely. 15.12. A net hod
git‘cor %@8‘1@"5?@'1@%@@ %%%‘iﬁ%ycﬁml?ﬂﬁl% conpri si ng
| ocat : t ' r f
thar I REnR3aRl GHRC dhdlonRARERE AONERRT 10N ing thchn
subst apyasitely tocichaitheswithtrbsgdoe tph phmegrpp@idioilat fethe
upper radiating elenent. 20 13. An antenna according
to anplaspefche shpport, suohothgt ther eureentgemerated iy tle first or

DO N GG, bk RN bbb Srren

generated in the first or second branch of the lower element,

respectively.

12. A method according to Claim 11 wherein said aligning comprising
locating the elements with respect to each other such that the phase center of the

lower radiating element substantially coincides with the phase center of the upper

radiating element.

13. An antenna according to any one of claims 1 to 8 further comprising a
polarizing layer covering substantially the entire upper surface occupied with

said at least one upper radiating e¢lement, thereby transforming the antenna to

work in linear polarization.

14, A method according to any one of claims 9 to 12 further comprising:
- covering substantially the entire upper surface occupied with said at
least one upper radiating element with a polarizing layer, thereby

transforming the antenna to work in linear polarization.
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said at | east one upper radiating elenent, thereby
transform ng the antenna to work in |linear

pol ari zation. 25 14. A nethod according to any one of
claims 9 to 12 further conprising: - covering
substantially the entire Egper surface occupied with
said at |east one upper diating elenent with a

pol ari zing | ayer, thereby transformng the antenna to
work in linear polarization. 21 15. An antenna
according to Claim1 further conprising a second
support substantially identical to the first support,
the sedonantsumpectoriding by &llaion Hyfurier comprisingra sdvend support

first support, and is spaced apart fromthe first .
sebsvattallyyidgntedd to thefastasunports jae sesnnd suppost isigtated by 180

g fendnﬁgg%wdlf ; ?Siﬁgg%? %’1‘3‘* téﬁh gli’%%ﬁga%gr@ﬁgﬁgﬁfeoﬁ{sg sflﬁgort by a small
%S’Eaﬁfc.e,s YROR"that +Hiatie AL5E %Eg%éﬁ Retd cﬂhﬁ s%bﬁ'ﬁ&%gpport are

erein radiating elefents dispo onto the 'secon
slignpel withirediating eRanaits Hispaskdbhtoghe fesestibpodi sposed
onto the first support such that nutual coupling
bet ween adj acent elenents is reduced to 10 m ni num

. An,antenna accordin .G aim15 wherein said .
b 1" ARGIIE SccoRbina(D Glimy ZiR egiafiag qigments disposed

f ' [ T Y.l NPT 3
USR8 Pl 8 SRR TEPR L ReRl golfomo e
fitst s0Bport GAOR kheA 1BGtual cORBRAD BeBRRM! adjhcnt l@nénts S§ reduced to
support by a small distance,” a second”™ support
madstent i al |y identical to the first support and
rotated by 180 to mrror the first support, such that
radi ati ng el ements 20 di sposed onto the second support

ﬁ.? s?l %gg}ﬁat e{]ccg? llngttb r@lairﬁl 5 er]ltels‘eigls%f)d) gr%gllod}gt%nég % about

0.1 Ay wherein A, is the wavelength of said predefined frequency in air.

18. A method according to 'any one of Claims 9 to 12 or 14 further
comprising:
- spacing apart from the first support by a small distance, a second
support substantially identical to the first support and rotated by
180° to mirror the first support, such that radiating elements
disposed onto the second support are aligned with radiating

" elements disposed onto the first support.



