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particular, to wavegui de sl ot antenna arrays.
BACKGROUND OF THE | NVENTI ON Sljot t ed wavegui de ant ennas
are well known and utilized in the art for emtting
m crowave el ectromagnetic field of desired
pol ari zation, e.g., vertical, horizontal or circular.
For exa ]
descri bggV ove §ﬁgﬁ Selgﬁmél\lltgg& |a Eeréélr%a% 411 Xgl? Q}‘gﬁ%ﬂ}gﬁe{}f
configuration. The pattern of the array sub group has
anull in the direction at which a grating | obe woul d
occur in an antenna having single slot-el ement per
radiator. U. S. Pat. No. 3,523,297 to Fee describes a
dual frequency antenna array that is conposed of
slotted hollow fin trough wavegui de with obstacl es
| ocated on the sides of the hollow center fin. The
trough guide with obstacles |ocated on the sides of
I in is the | ow frequency section of
Fﬂ@lgﬁggﬁﬁgfﬁ$h§h9&gﬁpgg hoIIOMIcentgr fin, on the
and, constitutes the high frequenc ectlon of

ot her

t he aﬂhthgrmgs nUuéveW rq{g_.}es gerorlly fg%y%ve anfgpna arrays, and
y i ncl udes a pair of

\%g@ggdﬁ?g’gs haw) &J‘Jtléjﬁ"%hg?@?aﬁ%%éd si ngl e- mode hol | ow

wavegui des which are nmutual |y separated by a partition

wal | . El ectromagneti c waves having two nutually

per pendi cul ar pol ari zations are enitted
HX@K@RW@@WP@V@N nvhich are conprised of
two separate arrays o ts n the upper wal | of the

upper SYSRI9Wad8zuide 'a?ﬁérﬁﬁsgﬁ%?%flelgqgﬂé)%}b ogv{l’tﬂlzed Hb the art for

transmtted el ectronmagnet | ned

emityinggmidrewawp el dotidenapdtiphasld off désh%dspcﬂﬂﬁkz&ldrp e.g., vertical,
{?@gpectlve antenna ports. U S Pat. , 638,079 to
Topdal et ciggulafescri bes a sl otted vvavegw de

For example, U.S. Pat. No. 3,740,751 to Nemit describes a slotted-
waveguide array having a dual-slot configuration. The pattern of the array sub-
group has a null in the direction at which a grating lobe would occur in an
antenna having single slot-element per radiator.

U.S. Pat. No. 3,523,297 to Fee describes a dual frequency antenna array
that is composed of slotted hollow fin trough waveguide with obstacles located
on the sides of the hollow center fin. The trough guide with obstacles located on
the sides of the hollow center fin is the low frequency section of the antenna. The
slotted hollow center fin, on the other hand, constitutee the high frequency
section of the antenna.

U.S. Pat. No.5,541,612 to Josefsson describes a waveguide antenna that
includes a pair- of waveguides having two super-imposed single-mode hollow
waveguides which are mutually separated by a partition wall. Electromagnetic

waves having two mutually perpendicular polarizations are emitted through



array antenna conprising a plurality of waveguide
el ements extending in a parallel side-by-side
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of slots. The slots are slanted to the |ongitudinal
axis of the antenna in alternating directions and are
spaced apart such as to offset phase reversal between
each Pair of adjacent. slots. The slotted wav

I

i d
SPRag e anteRP ol (VIR ATRIGARH e o hie srRaralc s Giislaels in the

gl LA A LGARESSH Bl D DA Mo wransmited
dhsionRehetic \FRIE Suh e Gbiiianady vididGkuaeslitade uil Phase of the
of | ongitudinal waveguides with |ateral and

sigmglst todiespeictive antenanpantged to emit el ectronagnet i cr:]

nerv e o-de Pt SRnd 438 161G Keshrareet Badergiiba anaoitag wmaveguide
f] . ' i th |.at | ts, at. .
aihd BT MREE S IEEN B Vel fBpelt telling in o
Iperdiel YifletRy-sidkéirelafiont Alradidifis %’@??Q g?rggedo\?ﬁﬁ d ﬁl?x?zﬂgljy of slots.

Slots are arranged in a first s the fir

Wdreegloiare Hianted viegtlied éormgitielimel akisoof nh¢ udeenma in alternating
second wavegui de having a second rectangul ar _ .
drgstionseand & spreed ppRavhFEdiuanta offseiinhase reviersd between each pair

PECBHeSRSlug hechitedy ST elide’ sl B GAlahl imetudes an

Foanbi e ratharh SHAGUIGERGHS, IO i g e

and s&tBnBats INw. 15,83 10883 faLagerstdde et ah@esdiibesh vaveglide. antenna
Pat. No. 6,731,241 to Park et al describes a o
thadinglyday prambar elolensitudinel mavegaides with {ateral and longitudinal

oo B do 7Rt RO E JAS VR etard' Sirections of
?bfa?ﬁgﬁBﬁ‘.' TREdvieh L hktchih® I500E gzﬁ trﬁé@egju}éfe h&ing a first
h t cond array

e first array. e first array an e se ra

sdudarez darc orowssseetien twitk . 1atyBARIOtORat ThEbstMVaNY | €Bht angles with
Accor di ng{ to one aspect_ of thesé)resent i nventi on,
rospeel o the Jongidedinalvavisgaf dhe slitst veaweguide. eltemdateral slots are

N TR R T A—
lude3dh AelcBEd Shakeduidd #e6fePa second rectangular cross-section with
longitudinal slots arranged in a second short side at substantially right angles with
respect to the lateral slots, and a separating wall. The first and second waveguides
are joined at respective first and second broad sides with the first and second
short sides facing the same direction.

U.S. Pat. No. 6,731,241 to Park et al describes a dual-polarization
common aperture antenna that includes firs and second arrays of radiating slots
disposed in a faceplate. The second array is orthogonal and therefore cross-
polarized relative to the first array. The first array and the second array share a

common aperture.
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5 feeding port, while the radiating side includes a at
| east one pair of radiating slots. The wavegui de sl ot

wardaoeios@2el enent includes an energy splitter PCT/IL2006/001026

arrangenment acconmodat ed between the radiating and

non-radi ating sides along a_path of an ingress

el ectromagnetic field propagating fromthe feeding

ﬁgrt towards the radi ating slots. The energy splitter
FiEHEoRXVENEONs a one-stage or io

mul ti-stage energy splitter to direct the ingress )

el ectAenauding f@ oneeaspert o thadresedi inyeplen, there e provided a

SRR A HSh B M e 25 s
tqat ' di .

BfoseRGEIsRR30 08" oy AR, el HOARGE M0 Bihes o

feadihp ok Retleothe Qadiatih® sllie9hcludesa pt Riagt 6l paidbOrddidtng slots.

07 | where | is the desired operating wavel ength of

Thee veavegnide. slat cotetinagelemenh inelndds rasneneryt $itter arrangement
invention, the radiating,.slots are rallel, to,each
aSERRMORIE befivesh 6 radWiRg AddiamarAaing ot AIoTg ppath of an
. n e a
e e St GERRl Aol RGP R CREhP Tho TR BE M Sogyards the
ra8iatiaglotsaMhe ik ey aplierddrrarpenngit ds Ponfitatdd 4P a one-stage or
respect to the 20 Tongitudinal axis. According to an
multbsiage renerdy spléttémice direanthet ngredsdelactodmapeetic field from the

wayegui de sl ot antenng elenent is less or equal to
fgeding pRELSy e pgricspeHEng H?f‘é?]?f@ﬁﬁat{lh‘:’eglgsot ant enna

el eme I.§..configur e 1.t A e
oAb L ARG e A ML s e
PRESE RpaitN¥E Al hRIMctdrMii distaiceV rdaf cacMenhani Ber sk&hple, the
antenna linear  array conprising a plurality of the

Eedtterminedndistaheerean bedadhe rdnet @bdds,towh?’ansl preerably about

L L AR ST Sl *
Acco:fg{:%%d}r%nzé 'z!nl eﬁﬁ%ﬁﬁﬁ%rgggg%gé iﬁ(/eﬁtji]cﬁl p{h%sgz[giating slots are

i nve el s provided wavegui de sl

FRMIBIANR Rhaasthéd had 49ed i AdofgRhdingl lakik 6F th8slot antenna
wavegui desl ot antenna |inear arrays arranged al ong a
dlengnt indiheadanex dxeaiont. For antmpie the shys can be inclined at an angle

in the range of 30° to 60°, and preferably at an angle of about 45° respect to the
longitudinal axis.

According to an embodiment of the invention, the width of the waveguide
slot antenna element is less or equal to 0.4A. |

According to the invention, the slot antenna element is configured to
operate within any microwave frequency range.

According to another aspect of the present invention, there is provided a
waveguide slot antenna linear array comprising a plurality of the slot antenna
elements described above, which element being arranged along a longitudinal
axis of the slot antenna linear array in a side-by-side relation.

According to still another aspect of the present invention, there is provided

a waveguide slot antenna planar array comprising a plurality of the waveguide



and stacked in a parallel relation. According to an

enbodi nent of the invention, the plurality of the
woegsisde sl ot antenna |inear arrays incl udesPEr/iL20et001026

pair of slot antenna linear arrays and a second pair

of slot antenna linear arraysjarranged in a parallel

relation. The radiating slots of the first pair of

slot antenna |inear arrays are interleaved with the

slop agtegna dmear agaysapangcdoalong ¢ lopattedinal pxigefrthe antgpoa array

SO tha]té thhe sl ohs of1 the first pair and the slots of

?]P]%S@g ) @%B?rra 8}%6 %ht to the | ongi tudi nal axis in

the cadpbgfingi {eGhi %ﬂfbodﬁﬁlénte)é?gﬁfee in{)e?ﬂ'ioit, 'ﬂﬂgeghﬁﬁﬁ‘ty of the

of the first pair can be slanted at about 45 rees

wiatbguids pbstt aritenfid éineangirhydinehldesxd $irsif pdihef abdtesiienna linear

array, and be at right angles with respect to the
5 pmaysaendp seeend pritt pE stcarenpailineanesisisli antpngsdoinea parallel

SISESL A O RSO S A B g
ﬁﬁgﬂéﬂieﬁ%f;ﬁ? thd Qfdf@tbﬁ ;ﬂﬁ'%’%f:'o?ﬁﬁggifgf %f?)? ahfRHRALERAr ab§s so that

adl at1 ng ots o Irs of sl ot antenna

thenehvts fr s fiegnphie &l filie dldth ool theh set@ibipatidaraklant to the

axis at a certain distance with respect to the

engiitadingd axisdn she townier dizecsimnsphor exgmpleoradiatingisiats of the first

o S RS PSSR e el BB SRR s o
GREP L5 2 BOLHE Y B0 SEDRPAENEE 6Bt st of e

satoRdyang el ectromagnetic energy of a predeterm ned
frequency to the feeding ports of the first pair of

sl ot Astemnnzg Lo ppaemihodaypsntaoitithe isvedtom dhgsdiataig slott in each

NI MG
15 desi r%@c@@%ﬁé 15 %?&%}‘] e %%ﬁr%ﬂtg?f ﬂleofﬁgflcﬁﬁgﬁ,dfhgeﬂ%ia%lg slots of

t he prese nven e supplying

Heefitst BEkiot RREHIAYIihde | S8 RRSKILEIfRA élbﬁ%ft'hé 3bngitudinal
pair of slot antenna linear arfrays in phase with the

axis et @ qeaiain distadost withtrespest ko teearadiatinpyslptst didthetsecond pair of

slot antenna linear arrays.

According to yet another aspect of the present invention, there is provided

20 a method of operating the waveguide slot antenna planar array described above.

The method includes the step of supplying electromagnetic energy of a

predetermined frequency to the feeding ports of the first pair of slot antenna

linear arrays and the second pair of slot antenna linear arrays independently of

each other; thereby to generate an electromagnetic field of desired polarization.

25 According to one embodiment of the present invention, the supplying of

electromagnetic energy includes energizing the first pair of slot antenna linear

arrays in phase with the second pair of slot antenna linear arrays, thereby to

generate an electromagnetic field having the polarization of the radiated

electromagnetic field linear and perpendicular to the longitudinal axis of the

30 waveguide slot antenna planar array.
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generate an el ectromagnetic field having the
pol ari zation of the radiated el ectromagnetic field
wo piva@sevand per pendi cul ar to the |ongitudi nal B&I/H.2006/001026
the wavegui de sl ot antenna planar array.1026 - 5-
According to another embodi rgent of the present
i nvention, the supplying of “el ectromagneti c energy
i ncludes energizing the first pair of slot antenpa
| : n t@?dco?dihg)tslalnotlmmtendjoddman’eoglthqulteﬁ@nfsl&éwémbéﬂ? sgpplying
sl ot antenna |inear aryrays, ther en :
oflletromagagti chere toclidea rnggnEiBy e fogpt aitbana linear
pol ari zatj.an of .the radi ated. r i j ;
s . gph@%ﬁﬁw i;masﬁ B airaRRaAslchr b} thoreby to
ventiogy i efthogomgrididae solarigati f th
gepﬁl&q %c%ls g(ﬁergllﬂg#ﬁg ﬁweg(gfi ﬁllsrg pair of sl ot alﬁ{lerﬁ%auon e
raFi_ali@{aéleamﬁugn@fcdﬁélhe second pair of slot antenna

I near arrays in phase quadrature, thereby t
an eAewirdingadm esttllﬁ anoghed  pRPPABNEN E'Elté? %‘Eﬂso tig ilg‘feqr“gltr?s" the

The sl ot antenna artrays of th re ‘b [
s%ﬁb?}n%f(_)ﬁ %@ngggp%gngfgyt H}g?lbc?elso%?égéltzﬁ@%gﬁ%:fggte a8t of slot
| e,.SlI e 1e h b,
et TR Rl G SUhEOT BT SRTarbbainear arrays v P
qxga[efr%%} WéaYs Brceamtrne o tdiectromeagnstici fieddt havingayircular
€ easl Iy and efficiently manufactured. The sl ot
pelatieatien.ar rays according to the present invention are

of durable and reliable cpnst tion.
beenThet $lpheteng; HEwYhy Bgot?l§r 5fq§g8€o$e&ﬁ{§glo??§nw§ of the
eat ur es i i -hat: : .
SSEEAS h G ENERRRE S s danto ) st some of
tREdibSlvanpges abaRsIty agdcidied thieeseith. contribution to the
art may be better appreciated. Additional, details and .
advamhagbst aftenreeairayse actosaing 10 theepresqnt 1gy ¢H1qT, may LOC easily
detail ed description.
and efficiently manufactureg.

The slot antenna arrays according to the present invention are of durable
and reliable construction.

There has thus been outlined, rather broadly, the more important features
of the invention so that the detailed description thereof that follows hereinafter
may be better understood, and the present contribution to the art may be better
appreciated. Additional details and advantages of the invention will be set forth

in the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, preferred embodiments will now be described, by way of non-limiting
examples only, with reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of a basic waveguide slot antenna element of a

slot antenna array, in accordance with an embodiment of the present invention;
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BRI EF DESCRI PTION OF THE DRAWNGS I n order to
understand the invention and to see howit may be
w@anioae®2put in practice, preferred enbodi nent BCTIL2006/001026
now be described, by way of non-limting exanples
only, with reference to the éxccon'panyi ng draw ngs, in
which: Fig. 1 is a perspective view of a basic
wavegui de sl ot antenna el enent of a slot antenna .
ar r afjg, 2ris ageespdetiveviein of aslobatfoiharkinear 6fray.He agperslapee with
i nvention; Fi gh 2 is a perspective view of a sl ot
am ambodandritos dhe presen) INVERUQBeor dance with an enbodi ment

of the present invention; Fig. 3 i j ' .
of aF\'/&vég]éi HPHRSELH (AT a0 B SHATE g& fige%étggﬁ%%eabﬁ%t’ n
|8 i | i tion; Fig.
ok dufRHF i AT of 8 JBeane By el e i th
anot £rbpdbmntn®f liddae apmgsianiccordaant iith; anbiler egnbicsliment

a scherr tic plan view of a waveguide slot antenna
oftlenmesant imgention; accor dance with an enbodi nent of the

o "2 e tRhegtive T sisaobp vl qrforta Platl ey, in
oS antotin e R DRE SR SRR v Qlicy i o

on. FI C
ENBO%'ig{EMSSa I&}Fenpa&i'cgt%p VRsy and wearkaideasotaintentsl mitnar array, in
antenna array according to the present invention nay

abeordehdeewitindethst anbodintdnt of ther Eesent tovenbiendr awi ngs

and the acconpanyi ng description. It being understood
that these drawings are given for illustrative

pur poses only and are not neant to be limting.
Referring now to the drawi ngs wherein |ike reference

DETAAIED GESGRIPTION OF SPRCHIGEMBODIMENESt t he

several views, Fig. 1 illustrate a perspective viey of

a basTle peivejpieddand | aeratinreoiaa sleanienna FFay according to the
acearlancs, LoD, G150, TERG 21 LUP REESER i, gypes e
R aePEPBRBAE esv Rl LA BOTR Rldchy 800 Wy hiscfieyifere given
fP511RMA e LRirp s SAR APdte ot apeint i@be liblitingr ated in

Referring now to the drawings wherein like reference numerals designate
corresponding parts throughout the several views, Fig. 1 illustrate a perspective
view of a basic waveguide slot antenna element 1, in accordance with an
embodiment of the present invention. The slot antenna element 1 is shown
without an upper cover, for purposes of clarity. It should be understood that the
basic slot antenna element 1 is not bound to the scale and probortion illustrated in
Fig. 1. As will be shown hereinbelow, the basic slot antenna element 1 can be
used for building various slot antenna arrays.

Preferably, the basic slot antenna element 1 is constructed of a unitary
block made of an electrically conducted material, e.g., aluminum or other suitable
materiél. The slot antenna element 1 has a non-radiating side 2, including a
feeding port 3, and a radiating side 4 disposed opposite to the non-radiating side

2, which includes a pair of radiating slots 3. The basic slot antenna element 1
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Fig. 1. As wll be shown hereinbel ow, the basic sl ot

antenna el enent 1 can be used for building various
w@bk@o/oaeenna arrays. Preferably, the basic sl|PCT/IL2006/001026

antenna elenent 1 is constructed of a unitary bl ock

made of an electrically condycted material, e.qg.,

al um num or ot her suitable terial. The slot antenna

el enent 1 has a non-radiating side 2, including a

ih@adéd anpeletirdmagmetica enagivatpliters imtengenatir posadthe form of an

opposite to the non-radi ating side 2, which_ includes a .

epargy ofplittati aaconynedaied Biweie thegpdiatingt anghpepriadiating sides

b A HSES A FLPELL PTG b SRSGRY 9B Bing por
SRGATHRR gL ARt e oot g and on o aing,

propagal NGrbhMEnEHE R8sy Nliker t6 Jefidvaritd tcheémbers 7 and 8
radi ating slots™. The el'ectromagnetic energy splitter

epaetddbs at putitibankalt 9. Fashd{ghs ehamiersd7 ipda8 is coupled to the
partition wall 9. Each of the chanbers 7 and 8 is
aoespentling radiatingsloéSpondi ng radiating slot 5. In

55 SOBRITAS e, O PN OB o o
LSRRI FURCHPIRIR, kg ot 3 S ol ibomagnc

fiéll e divideHbp arsmititioh Svdlhe B elis ererandpBttevératte tivbchalves, and
el ectromagnetic field is fed equally to the pair of

peasésairitnghainbess B and 8, avherectharelevirqrhegretici fiddris fed equally to

ol arjzation_perpendicularly to the |ongjtudinal axis . ..

£ paw dforadigting ¢ slofpud dt(bera&i#ﬂi%r%flobtb‘%hi‘fsea 1E:)‘?ﬁ‘%%oFlc’lsé”flzatlom
versed in . the art that.the wa ' | ot antenna
RATRFRAIFUIRIY 49, t}beelogggrgdwpP§1§g§%ﬁ%$l‘afse%.e ption of the

el ect | Gnéldi8l bbdrSorTvERBA IS thé Qrtopar Bicewakeguide
receplﬁﬁgﬁ%ée?ng%%g@i% tet%ran enbodilmant of the & ]
16V eimehed elengdit at tag bel 2 ufiliaed fopeceptiap af tthatlertromagnetic

redeterm ned distance /. For exanple, the
g‘tlédmué@frﬁ mutgndiss tapperate BAGCHRIMMMOAR r ange of 0. 5l

0 Y S N
gtﬂb?t 5APh AR BisBn8E & @ &ahffle, the predetermined distance / can
be in the range of 0.5 to 0.9, and preferably about 0.7A, where X is the desired
operating wavelength of the antenna. Moreover, the radiating slots 5 are parallel
to each other and slanted to a longitudinal axis O of the slot antenna element 1 in
the same direction. For example, the slots 5 can be inclined at an angle in the
range of 30° to 60°, and preferably at an angle of about 45° with respect to the
longitudinal axis.

According to one non-limiting example, the dimensions for the basic slot
antenna element 1 for the antenna operating in the frequency band X (8GHz-
10GHz) can be set to the following values. The width W of the waveguide
element 1.is 6.5mm; the width w of each slot 5 is 1.6mm; the slots 5 is inclined at
450; the distance between the non-radiating side 2 ‘and the radiating side 4 is

16mm.
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the range of 30 to 60, and preferably at an angl e of

about 45 with respect to the éongltudl nal axis.

According to one non-limting®€éxanple, the di nensions

for the basic slot antenna elenent 1 for the antenna

oper aThedesanibedecohstraetencyf thandavegiBisHzdembOGHpn banitbized in a
set tg the follow ng values.  The wdth Wof the

W&V@@Hﬂ@lé o anea atrpys.Refeing fe Kigd2n awespesdie wiept of slot
5.8 inclin

h
e B ehRE A0 St Bl e R SR o b apy SBhgdiment of the
PRALAL REnRbSTfle | dorl LT TudaE GHP sl SRSHLEIAARIAL of the

e wavegul enent zed I n

Bhgit swﬁhﬁwﬁﬁa @Idlﬁ’éfﬁs 1Reffiget ragorththEllcnglaldlﬁal axis O in a side-by-
perspective view of slot antenna |inear array 20 is

side wskatiah eBperigy candwr delivceedia theafeedingopiitte?1 tiufoughe common
present | nventi o The sl ot antenna |inear array 20
Wl%’?%g% %PtrﬂhGW |ty of the basic slot antenna

el emeqt s al png | ongi [ nal BN

o1 e Byaph EURARREAR BRSG0 SulRRR IS ROy 20 STkl s an
éﬁ%ﬁ‘hi‘ﬁha@ %éﬁ@ra?e% atlli‘ﬂié%&' ?blﬁlz%ﬁ% RiledtneBHeHe fid)@perpendicular to
shown). By this configuration, the slot antenna’l i near

threr &I)ﬂgZ@lddI&ﬂl aperelt éheaslan Iashenkh behahdaystoedathas edthough six
l'i near poI arization el ectromagnetic field

pinperidileluantenna elemeenty dgint @@@Waareasklpgvnom Fig %) latpraﬁlce any

St bR § °%qﬁgf§? (i el o bR Rl

r act
gm enﬁé?erflﬁ%m s geﬁgﬁgf‘gﬂh@‘ Vﬁ fcgf?ré: ﬁ/g%%%lﬁlge slot antenna

8lcpfins 3OCik iilastyitedy mf actor@eg uville apbthier 2RitRydhiacet sfrﬁrd present
30 is illustrated, in accordance w th anot her

mvisotibnefihe sfottanéermaeelement B0 drasi a:non—Tm@a@ngm@]lb,nmaludlng a

Iement 30 has a non-r.adiatin i de i ncl udi a ..
S5 gopotd and a dpdiating Xt nfﬁsgqsa Sppogite 94 non-radiating

SRRy B PaR oe # A R HASLAR homn
in Fig. 3, the slot antenna element 30 includes an energy splitter arrangement
(energy divider) 31 accommodated between the radiating and non-radiating sides
along a path of an ingress electromagnetic field propagating from the feeding port
12 towards the radiating slots 14.

The energy splitter arrangement 31 is configured as a two-stage energy
splitter to direct the ingress electromagnetic field from the feeding port 12 to the
plurality of radiating slots 14. The energy splitter arrangement 31 includes a
primary splitter 15 arranged downstream of the feeding port 12. The primary
splitter 15 defines two chambers 151 and 152 separated by a partition wall 153.
The chambers 151 and 152 are coupled to secondary splitters 16 and 17,
respectively. The secondary splitter 16 defines two chambers 161 and 162
separated by a partition wall 163, while the .secondary splitter 17 defines two
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energy splitter arrangenent (energy divider) 31
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sides along a path of an ingress el ectromagnetic field
propagating fromthe feeding gort 12 towards the

radi ating slots 14. The energy splitter arrangenent 31

is configured as a two-stage energy splitter to direct
cthambergr Edsard 472 rsepaigibet by af patitiof rveall 178, fespdctineely. The four
port 12 to the plurality of radi ati({]g%sl ots 14. The

chamngersshol.t 162, L7} angedBhiare 1cqupded, dedhe four fadipting slots 14,

splitter,.15 arranged downstream of the feeding port
fglfre%ﬂ%ldbr}gq}{r‘ary splitter 15 defines two chanbers 151

and 1p¢ ﬁ?g%ﬁ%%fgﬁlgéo&e,p%éi "sjo‘i’”a}‘i&'nhalggeé%%e 30 is fed with

chanber s are coupled to sec ry

shctiolieipacil® fld thrbughehpefebding yort e TRCHpIEIsYelectromagnetic
ﬁlltter 16 defines two chanbers 161 and 162 separated

I ipativided diy e pattBBin whill 853 hef ecpriceary spptet tér into two
A1 FTShDaRIFY 9 SDarbepube] ol ié%ﬁ&#ﬁ%ih?eﬂﬁ%%@&@gmﬁc field
17 g . .
it 18 e SbpBAR,ifisR d6uBREl F e e Al pesamdry divided
'B?Otﬁe WwalR fé?,ﬁn@?%n eﬁ,' ﬁ@efﬂéldﬁ%séés fne®eWhathbers 161, 162, 171
e t hrough t he 12 he

ectromagnetic fiel feedi ng port T

andrg2sreshestivedyraghetithe fiebd & fedl etjuailstad thy foureradiating slots 14
partition wal|l 153 of the primary splitter 15 into two .
baradiste anim-phasedinean pelasiratibe memedieiarly 50 the-longif@edinal axis
”ﬁﬁ? elle‘%tromagneti c field passes to the secondary
%8s 16 and 17, where the field is secondary

di Vi d _ £
passest 1o MBS By g v iy i dhe antenna st
aARpAas tlentdit 30vdhaeriee 4186 utilieéd forsrebesticitivthle)elédrdmaenetic field,
four radiating slots 14 to radiate an in-phase |inear

pultaiis matdrshs, e operats tutegeptjon madee | ongi t udi nal axi s

ver bodt e oebind RS REa SRR LOSHOEY s BR8P eenray. e
g&{agf'gg?l{de%@ot%[ﬂe éklgl’gnyfs'ﬂdt %%ﬁnﬁ%gn%ﬁéwgﬂ ﬂleor(vot-g}gg% divider

omagnetic fie mutati's nut oper at e
100£ahd & pf@die the slot antenna element can include an energy waveguide

divider (not shown) that is configured as a multi-stage energy splitter to direct the
ingress electromagnetic field divided by any required number of energy splitters
from a feeding port to the corresponding number of radiating slots.

Referring to Fig. 4, a slot antenna linear array 40 is illustrated, in
accordance with another embodiment of the present invention. The slot antenna
array 40 includes a plurality of the waveguide slot antenna elements 30 arranged
along the longitudinal axis O in a side-by-side relation. Energy can be delivered
to the feeding ports 41 through a common waveguide (not shown).

Similar to the configuration shown above in Fig. 2, the slot antenna array
40 can operate as an antenna that generates a linear polarization electromagnetic
field perpendicular to the longitudinal axis of the slots 14. It should be

understood that although three adjacent slot antenna elements 30 in a row are



It should be understood by a person versed in the art
that generally, the wavegui de slot antenna elenent is

woodo7lodaeet by enpl oyi ng the two-stage divi der RODIL286v#01026
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in practice the slot antenna el enent can include an

ener gy wavegui de divider (not shown) that is

configured as a nulti-stage energy splitter to direct

t he |ngress el ectromagnetic field divided by any

r Spavr &4 Figinbein pfactiagrayy meined arunberonf thef glotiantgnna elements
port, to the 8orrespond| ng nunber of radiating slots.
Fééaﬁ]el?er?lﬂ Fig. 4, a slot antenna linear array 40 is

i1 UStR@fegx?ng L& Iﬂ r%ﬁﬁ&ﬂéﬂu&{bl%‘%é\ﬁ rofgmg)e%g{&e At antenna

the prese nven ant'enna
I.Iblﬁhéidﬁ‘ia}aSWM rlﬂhéth)te@fmt B or@tREUNTE o8] &hb@&ﬁﬂ}ﬂ%f the present
ements 30 arranged al ong the | ongitudinal axis
ainseutdorbyHsd det matainagplandnanay S0ainchelesel pluealést (Bﬁ)slot antenna
t he feeding ports 41 thr og]?h a_conmmon vvave%w de (not
)arrass %h stacked mhpareBel rejaion: iEmnmi@m éb@@b)tlamenna linear

Fﬂ?ﬂéfﬁ?& fhdségﬁﬁ%%giﬁ Wi 2 9P EnSRER BreaBnd'20 shown in
| orgt ug%%%tnltéimall e‘l{ Eﬁ‘ﬁg qn%h‘c‘)%‘eiﬁllﬁlgsﬁ,%d their combination.

nal axis o ['ot's

under swied thbalotahritbeu plddar %@ra@dsm@ﬂéd Vit eRREBM@netic field
el ements 30 in a row areshown in Fig. 4, in practice,

athyou@q the édedmg‘qmrtsof(nd)ﬂﬂshswm 33h¢ angeese| daetmd)magmnc field is

Al BY Ry egurironoing Salitiimdnoh aﬁé@ﬁﬂf‘a&klﬁ 156 "Sapually to the
h ..

Rty R

Ip&b@iﬁﬁ@l@ﬂpwf@ 1lohg1teamm Skis dIRNABtsl | near arrays 51
stacked in parall relati on. Exanples of the sl ot

ant enriRefernmeato :I*hg.aﬁ,s aSthematiogdan lvidw aufea netvegiidet sidt antenna
tqQ, the slot antenna linear array 20 shown in Fig

tanay) aray MleimnHlustisted: iar pegprdgicshwith arothpy embodangnt of the

6 AR e e 50 PRI AL BRI 3 Bt
fﬁﬁ@ﬂl(’%ﬁl% fitiés &fg&%y&&ﬁﬂﬁi theTﬂl‘ﬁc’u leréﬁttf?) §l‘fl %gﬁ?&%t fhS entities

fieldis divid t he correspo Ing splrtter

sire whowandtiee dharuaf piyydical tdoaneaions spd/ i physicatlieddtidiGhips.
slots 52 to radiate an in-phase |inear_polarization
The slot antenna planar array 60 includes a first pair of slot antenna linear

arrays 61 and a second pair of slot antenna linear arrays 62 arranged in parallel
relation. Slots 611 of the first pair of slot antenna linear arrays 61 are interleaved
with slots 621 of the second pair of slot antenna linear arrays 62 so that the slots .
611 and 621 are slanted to the longitudinal axis O. For example, the slots 611 and
621 can be slanted 45 degrees in the counter direction with respect to the
longitudinal axis O of the slot antenna planar array 60, and be at right angles with
respect to each other; although other slant angles could be used. According to the
embodiment shown in Fig. 6, the slots in each pair of waveguide arrays are level
with each other.

According to another embodiment of the invention, the radiating slots of

the first pair of the slot antenna linear arrays can be shifted along the longitudinal



perpendicularly to the |ongitudinal axis of the slots.
Referring to Fig 6, a schematic plan view of a

wowemsiode sl ot antenna planar array 60 is il |PSI/Ia20&d01026
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i n accordance wi th anot her enbodi nent of the present
invention. It should be noted Lhat the bl ocks in Fig.
6 are intended as functi onal—é tities only, such that
the functional relationships between the entities are
skiswah 2 cextabe disthoe with nebpest takhemdiatitg slots efthecrecond pair of
%ysi cal relationships. The slot antenna planar array

{IMEf BH8¥S-a first pair of slot antenna |inear arrays

arr andb R RE R e linablnedt 85 4% UBERR el BBfnaf gl folenabtes o
B&ittolthe Poiri AR RNGRHd ARRtedelR1Onfbnafie fldld OFlaséetermined
wth slots 621 of the second pair of "slot antenna

fieqeaicyaThaysedidggortsh@aot sievs) of theGldt anenitlinear errays 61 and
slanted to the |longitudinal axis O _ For exanple,

th

62 ¢a8 bs supplied Bith enengyindeperdentlysd egelodaer, and 2 fisld of desired

Baleion ChcbsitBrsiaitbrinal pramal ey B8 il peBeothe tineer
i.ght | i { I .. ;

SRD o314 ERatll HERRES! pi SRSl U Bpplgrys 2, e

poheehiiem of shewadiabed Elbctrbmabhetis feld id fineachnd perpeatiicular to
wavegui de arrays are level wth each other. According

the hmgitedinad rexasd iOrexft thef slothentenna planam  artaye 60 alii &winngvhen the
slots of the first pair of the slaof antenna |inea
gRergyration Pihe shot ardenng Bagprianeays Mgand 82 Anruk pg pﬁ%sea(e-g-, the

Bfbsend SAChGCRORoAY FRERT HoubheiBR, S Uk Cppl Smhen the

EH@rg?éaﬁ%ﬁQﬁ"fﬁ@tlin‘éﬁr %ﬁgys;gfbnarﬁtze@ R phhed ghadthfiRy (gg., the phase

enabl es to control arization of the radi at
& 06% rarmiprepolarizhton iokenemtedd dh ehisi respedty aquhmseghift network
The feeding Eo.rt,s (not shown) of the slot antenna i
shomby & blagk indicated Bra seleranee suppialedP aan he afbized for varying
i,ndependent | y. of ea other, and a field of .desi .
5t BPzanon SaRTBE hentrsnePitiost of s & PHERGH:Thgetwork i
£ . or . i ved in
tRhis }REill AR exPobAdS] Berelribefifr 91 2€

%‘g‘?épgmﬁtk{i t&se secon(g pa?@bo? ﬁ negr aer rays 62, the
pol ar Azebtdinig @6 dnochsrasihbodichent efttheringations the dlrst pair of slot
| i near and perpendicular to ) ) ) L
antenna linear arrays 61 can be configured for operation with a linear polarization
electromagnetic field having a first predetermined frequency. In turn, the second
pair of slot antenna linear arrays 62 can be configured for operation with a linear
polarization electromagnetic field having a second predetermined frequency.
Thus, the interleaved arrangement shown Fig. 6 provides a compact dual linear
polarization antenna. Such an antenna array can, for example, be utilized for
communication purposes, where two different frequencies are used for
transmitting and receiving modes. .

It should be understood that the slot antenna planar arrays shown in Figs. 5
and 6 can be configured such so as to provide a phased array antenna. In such a
case, in order to avoid appearance of grating lobes in the radiation pattern of the

phased array antenna formed of the slot antenna planar arrays of the present



the longitudinal axis O of the slot antenna pl anar

array 60. In turn, when the energization of the sl ot
wa@ndogfom@2t i near arrays 61 and 62 is out of phaBET/{I20¢5/001026

the phase is 180), orthogonal |inear polarization is

gener ated; and when the energization of the linear

arrays 61 and 62 is in phase_bq adrature (e.g., the

phase is 90, circular polarization is generated. In

ilmeﬂtion,stﬂneovidt]a% lod tlee whivéguide elendats (ibimFipy 12 20lindig. 2; 30 in

|nd|gat eg a reference nurreral 63 can be utilized )
n{ﬂ tiReFigo| B slzcat oPtagxeeercalnrpdeterained value, to wit:

L B I e G
66%6?1‘ the 1151@?1353{?%}%%915 tﬁmgﬂ NecBhd ﬁ)gﬁs o'P atlfﬁ%ar arrays

first palr o ant enna near a rays

5 6bnhd$dreddufdbe rebakyesl twidtdh.a | i near pol arl zatl on
el ectromagnetic field having a first predeterm ned
f r equévicsuchy iﬁhQS@r skilledhén ileeaeﬁotOpwhrchoﬁlespn@seIannemtmn pertains,

Gt FRBEECIA A SHEIE RO MEREHt dRUGHIAN Bt PBrY deadieg 0 terms of
g?&@ﬂgd @frﬁ)%ﬁﬁ Eﬁ@s nﬁl% Jorng%t? oyWﬁlchttHfs (’tligéc}ggllllr%qy §9sed, may

rrangenent €S a

kédﬂl@l@fbep QhﬁlZd:d %E; | D Bagio B e d&ﬂgﬂm%noﬂ Bﬂ%? NRnREr8Y systems and

can, for exanple, be utilized for conmunication
10 pmq@swsipr Mymgtom tht $efveral mmrpcvseq of tlod pmsemanusretnbrf or

trans tt|n an e|V| It shoul d k
under P%Hi&kt d}l* dhe I%ﬁeﬂgﬁg ﬁﬁ% PEQ‘SSHBFHV@PQ?éS 8abhpund to the

L0k P%§ 015’[ dtr sﬁﬁfﬁr@e %5@“ es%ggfa ]quowavegulde slot

prov asedq arra enna. n SUCE

Qﬁl‘éﬁfla ta@ra@'V@f %@@P@éﬁﬁﬁlﬁ%ﬁﬁﬁn Kol bpérated ﬁ?%edd"vﬁlﬁemode mutatis

radi ati on pattern of the phased array antenna forned
ofutamdds.sl ot ant enna pl anar arrays of the
presetlnv i on, th Wof the wavegui de

15 el ene b e 'Hlﬁt althonigh i cpe Pagepnd Wwersygesencagy splitter

TRRE S S
E&?e%ﬂiﬂ%l% glnt Praktiéd)@ Sufi- %@ cheRB1 &ﬁ/?dbrtoﬂ’fﬁvidﬁg 8hy required

arrays in first and secon pai rs of slot antenna
himber oftheaspditifiig mageﬁ@arslbmumkﬂzdmb Iess or equal to

0.8l._As such, those skilled art to whi
pres e}{:tcap,hﬁe@gprgﬁa@grhyaa person of the art that the Wavegulde slot antenna

20 array of the present invention may have numerous applications. The list of

applications includes, but is not limited to, various communication, ranging and

detection (e.g., radai’) devices operating in the frequency range of about 300 MHz
to 40 GHz.

It is to be understood that the phraseology and terminology employed

25 herein are for the purpose of description and should not be regarded as limiting.
It is important, therefore, that the scope of the invention is not construed as

- being limited by the illustrative embodiments set forth herein. Other variations are

possible within the scope of the present invention as defined in the appended

claims.



can appreciate that while the present invention has
been described in terns of preferred enbodi nents, the

w@enwcepioezdn, upon which this disclosure i s basedr/nemys/001026
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readily be utilized as a basis for the designing of
ot her structures systens and ﬁéocesses for carrying
out the several purposes of the present invention. It
is apparent that the antenna of the present invention
is not bound to the exanples of the transmtting
ot Lngs. Wen necessary, the wavegui de sl ot antenna
array of the present invention can operate in

ecei viAngy | uld be noted
? hat aﬁ houg%ﬁge(%@agl{te}éle é@&h%on{sp hsggener gy
spl|ttEMOﬁQﬁﬂbﬁngQREQﬁ&udm@zd&ﬁdﬁﬁgﬁﬂtabove in detai
with reference to Fig. 1 and Fig correspondlngly

in pr a@tl‘ﬁldiétlngsﬁa IduSposcdagprStte ﬁfgﬂlechnm—nmhatmgmdejamgmcludmg at

equi. unper the splitting stages can be
?ﬁ% ?rfgﬁa? m‘gesl A¥ci ated by a person of the art

that the ﬁ%é?g%lﬁt%r Eﬁ% é?ﬂérﬁ%@ onsbé@%gﬁ ﬁ]éf ag*atmg and

i nvention ave nurre ous app IC&

apidlrhdiating® REdes HbhEl @Spath Wf 4rb in@éss! él@b&@ﬂag[%thﬁél‘d%i%pagatmg
conmuni cati on, rangi ng and detection (e.g., radar)

tom thefeeding @Drhtngardstslaui dtrleaph ene pairarfgadiafingklotst 300
MAz to 40 GHz. It is to be understood that the
phraseol ogy and term nol ogy enpl oyed herein are for

£ PP S BB il RO st
n%fnttlﬁ ecd dasd ﬁnﬂﬁ-ts NEAdr r pﬁ&elb?d Qﬂ]ﬁct the ingress
I|m ed by [ustrative e dlms [ s set fort

hbc‘eomagl&tineﬁeldftmratth@fmdmg@ommsﬁhb ipburalitytofiradiiating slopse
of the present invention as defined in the appended

claims. CLAIMS: 1. A wavegui de sl ot antenna el ement

onpri$ing. di tlngS|de| udi
g'om); ih? g{ﬁ ﬁl a,[ %lg@&nBBES Pgsitwgerem Shid energy
It AR bbiGn S b&ﬁpﬁﬂé@ 4 PR 3618 downstream of the feeding port,
said primary splitter defining two primary chambers separated by a partition wall;

H

each of the two primary chambers being coupled to a corresponding secondary
splitter; each of the secondary splitters defining two secondary chambers separated
by a corresponding partition wall; where each of the secondary chambers is coupled

to one slot of the corresponding pair of radiating slots.

4. The waveguide slot antenna element of any one of the preceding claims
wherein the radiating slots are spaced apart at a predetermined distance from each

other.

5. The waveguide slot antenna element of claim 4 ,'Wherein said
predetermined distance is in the range of 0.5\ to 0.9%, where A is the desired

operating wavelength of the antenna.



| east one pair of radiating slots; and an energy
splitter arrangenent accommobdated between said

w0 a@7asdoay and non-radi ating sides al ong a pat PCDIL286%/001026
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i ngress el ectromagnetic field propagating fromthe
feeding port towards said at {gast one pair of
radi ating slots. 2. The wavegui de sl ot antenna el enent

of claim1l wherein said energy splitter,. arrangenent is )
@onf i glitedwavegide| siot staﬁg‘émén@i@?ergpl qf; tpim o 5 Wﬁ%rﬁm said

o PR EARFREd RN aai ati ng <lots. 3. The -

wavegui de sl ot -antenna el enent of claiml1 or 2 wherein
said energy splitter arrangenent conprises a prinmary

7.l i t t'Elie dawgiideaivtantéhe élemdnnof pny tonesafi iheprecatiyg claims
sgl itter defipni nsg@tt@vvo pri mary chanbers separat ed bi@a, .
whetein thenradiating sbets re paralls] tavsagh pihgr gnd skanted to pdongjtudinal

cau d to a correspondi ng secondary,splitter; each of
118 Bt i oney e o fen A gty o EBithar §
chanbers separated by a corresponding partition wall;
where each of the secondary chanbers is coupled to one

8| ot offhkReaveguidesfongiteandalemeph of atkiat 7 nghabdt sn adgle of the
The wavegui de sl ot antenna el enent of any one of the

radiatiogi shofs ovith nespatietoethe lohgitudinalainis il hegange of about 30° to
%gﬁced apart at a predeterm ned di stance from each
her. 5. The wavegui de sl ot antenna el enent of claim
4 wherein said predeterm ned distance is in the range
of 0.5 to 0.91, where | is the desired operating

gavel engd RvaQbglife sttt fiditabelenteft WhaY WndeofSthet preceding claims
antenna el enent of claim5 wherein said '

Iavanie tedthi lesscbraigealaiode4d.s about 0.71. 7. The wavegui de
sl ot antenna el enent of any one of the preceding
claims wherein the radiating slots are parallel to

e A LA BB DL S bl claim
ddifti . E%beraR R HRNARGRFHIhe0 of GbBUBT0 WIBEbMhbout 40

an a the radiating slots with respect to the
Géhgi tudinal axis is in the range of about 30 to

11. A waveguide slot antenna linear array comprising a plurality of the
waveguide slot antenna elements of any one of the preceding claims arranged along

a longitudinal axis of said slot antenna linear array in a side-by-side relation.

12. A waveguide slot antenna planar array comprising a plurality of the
waveguide slot antenna linear arrays of claim 11 arranged along a longitudinal axis

of said waveguide slot antenna planar array and stacked in a parallel relation.

13. The waveguide slot antenna planar array of claim 12, wherein said
plurality of the waveguide slot antenna linear arrays includes a first pair of slot
antenna linear arrays and a second pair of slot antenna linear arrays arranged in a

parallel relation, wherein the radiating slots of the first pair of slot antenna linear
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60. 9. The wavegui de sl ot antenna el ement of any one

of the preceding clains having wwdth [ ess or equal to
w@2007/0360Q7 The wavegui de sl ot antenna el ement PET/HIRY06/001026

one of the preceding clains configured to operate

within the frequency range Qflsa_bout 300 MHz to about

40 GHz. 11. A wavegui de sl ot "antenna |inear array

conprising a plurality of the wavegui de Iot nt enna
aplaysrarg mt@:ieam@ vathethstslath o1 faesacana gat! ¥ ar arrays

Ak Ak ik L, ey 5o

le it & ?ﬁf}gt&h@%&ﬁﬁelc jogkng a plurality of the

antenna [inear arrays of claimi1l
arranged along a longitudinal axis of said mavegurde
sl ot antenna planar array and stacked in a paral.le
el at i% Nvavtguldﬂséotvmwgliw plenay araynf shim bi mrelartha;radlaﬁng

Do e ek AL 8 W o o
1§1h§1 tle?nlﬁg aqf er%aﬁo?raﬁ%}ﬂﬁa ?]%na? ﬁ-?af}par dlp%lel atofl gfit &h les with

rays arran

%%Héc?tdﬂthtefisdlﬁﬁﬁg ﬂb’tMS‘aicPée%oﬁﬂP bhe first pair of slot
antenna lineararrays are interleaved with the slots of
the second pair of slot antenna |inear arrays SO that

the slots of said first r and th l.o of said
Kecond paviegaids dotagitenns BL?P@Y PERAY sain f3 Fehezein fhe yadiating

ounter .dir.ec
Sg S iy F2 %]?rl?aa’gfot?l gﬂ?’?ﬂallgl%m%?gﬁér%ﬁ%%rla %BI( ng Tot s
of said first pair are slanted at about 45 degrees
with respect to the longitudinal axis of the slot

Bt enna vadvasaatdeaslotyntermed phner atray ioffdlaiengB evheréinithe radiating
respect to the radiating slots, of said second

slets of whw dfiyst gairs pbtsleinpeishaa pirrsﬁaararganSawbﬂaecrqgﬁﬁ@ 13ong the
IGREtRal s SertpD disBhie vl heREid it rilifMing slots of the
ﬁ}; p ?)ﬁg R @ﬁtl NR&aRkaRar array of claim13

era tlng slots of the first pair of slot
antenna | i near arrays can be shifted along the

17. A method of operating the waveguide slot antenna planar array of any one
of claims 13 through 16, comprising:

supplying electromagnetic energy of a predetermined frequency to the
feeding ports of said first pair of slot antenna linear arrays and said second pair of
slot antenna linear arrays independently of each other; thereby to generate an

electromagnetic field of desired polarization.

18. The method of claim 17 wherein said supplying of electromagnetic energy
includes energizing the first pair of slot antenna linear arrays in phase with the
second pair of slot antenna linear arrays, thereby to generate an electromagnetic
field having the polarization of the radiated electromagnetic field linear and

perpendicular to the longitudinal axis of the waveguide array antenna.



| ongi tudi nal axis at a certain distance with respect
to the radiating slots of the second pair of slot

wa@ndogfom@2t i near arrays. 17. A nethod of oper at PEDIL2065/001026

10

wavegui de sl ot antenna planar array of any one of
claims 13 through 16, conprisjgg: supplying
el ectromagnetic energy of a predetermned frequency to
e feedin 0 f s id first ,pair of sl t ant enna
{lgﬂear %g ‘i\ﬁg ngpdl SWhergH if’é& SUBPLYHIER %ﬁ%tg}m%gneﬂc energy
ICRGRS eﬁ%ﬁ%ﬁg'tﬂ? ﬁlgga f ¥10?£mfe?ﬁg 111?1% @Q&hﬁro‘?ﬁ%ftp?lase with

generate
2R REOARDARBf sﬁﬁ antthfla ll‘iﬁbéloaﬁréjlfs e tééeﬁa%f§ame1§at&nagnetlc
suppl yi ng of el ectromagnetic énergy |nc udes

finkl lpvimggrthdgorfal tineargmiarization lof theradétedeletinemngnetic field.
arrays in phase with the second pair of slot antenna

| inear arrays, thereby to generate an el ectromagnetic

jeld vi ng, t he Lari ion of. .the radi d .
et r@ﬁsg}@wc@ SF BEng 17 RherRh.ftie stSphie & fidstrameanstio nerey
t .
RSk MRLER Bt iR phi? B REMRE IREREITA B Sbond pair of
sloecthntenpgnéihear enedygy ihnphastesqenRagre i nigerttbe fd r génerate an
pair of slot antenna |inear arrays in out of phase
@le@ﬁomngn@@cﬁdd hezing arcudargolaginaiona | i near arrays,
thereby to generate an el ectronmagnetic field having
ort hogonal |inear polarization of the radi ated
el ectromagnetic field. 20. The method of claim17
wherein said supplying of electromgnetic energy
i ncludes energizing the first pair of slot antenna
| i near arrays and the second pair of slot antenna

linear arrays in phase quadrature, thereby to generate
an el ectromagnetic field having circular pol arization.




