WO 2007/036927 PCT/IL2006/001026 -1 Waveguide slot antenna
element and arrays formed thereof FIELD OF THE INVENTION The

W@ R88EMGIRention relates generally to waveguide antenna arr&¢9/8:2606/01026
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particular, to waveguide slot antenna arrays. 5 BACKGROUND OF THE
INVENTION Slotted waveguide antenrds-are well known and utilized in
the art for emitting microwave electromagnetic field of desired
polarization, e.g., vertical, horizontal or circular. For example, U.S. Pat.
No. 3,740,751 to Nemit describes a slotted- 10 waveguide array having a

dual-slot coffy§EMgR stefpienna slement agdsarrayisiormesd dheneof

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 Is 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, constitutes the high frequency
section of the antenna. U.S. Pat. N0.5,541,612 to Josefsson describes a

WEEEJDiOF ARHERENNVENTIONudes a pair of waveguides having two
super-unposed single-mode hollow waveguides which are mutually
separateiPiirespai tingantion Eiteogengelly toavesdguite antemataatsys, and

| rizations are emitted through WO 2007/036927
ﬁé’%ﬁﬁ%@@%@g %%séeggqg%%r%anﬁgaﬁ] its, which are comprised of

two separate arrays of slots in the upper wall of the upper waveguide.
Selected polarization of one transmitted electromagnetic field can be
obtained by varying the amplitude and phase of the
BACKGROUND OF THE INVENTION

Slotted waveguide antennas are well known and utilized in the art for
emitting microwave electromagnetic field of desired polarization, e.g., vertical,
horizontal or circular.

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, constituteé 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



signals to respective antenna ports. 5 U.S. Pat. No. 5,638,079 to Kastner
et al describes a slotted waveguide array antenna comprising a plurality

WQEHAVee3ite elements extending in a parallel side-by-side r&tidh2086/001026
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radiating side is formed with a plurality of slots. The slots are slanted to
the longitudinal axis of the antenna in-alfernating directions and are
spaced apart such as to offset phase reversal between each pair 10 of

adjacety alntnnbhsostotteticlavieg disimrived T eR0ShoRARCAERS A slots in the
asymmetric ridge formed on a non-radiating side opposite to the radiating

Speer sllpat 16 st suavestiderSekiciachirplasiaptomn Wagiguigansmitted
AUERBMIAIC fles @aﬂ%@%t&fd@@%ﬁ&%ﬁ%ﬁ%ﬂ@%ﬂ&@ _@t& Bhase of the

and longitudinal slots arranged to emit s wi
stgnadstéodiesptiotiveinidhpalpoitation. The waveguide antenna includes a

first wayeguide, hayin j ctangular cross-section with lateral slpts at .
substarl:ff‘i?glygr%h %'gﬁéaégg’t@ﬁeg%g?%e%ﬁ& ﬂré%ﬁ%g g{qﬁgﬁrg\favegulde
wayegsiflenddectrigAbietsaafuadlapoed Kva tlidRorsidend tBRERlng in a
waveguide. The waveguide antenna also includes a second waveguide
Hétﬁ%%la%%ba{dsrré@téﬁlgtm-eﬁo&d@mgmﬁlﬂnszﬁ)mgﬂtm%wb@ahw of slots.
n ina.s rt.si ially: ri I ith_ respect .
R e S Y A HEIAR) A OF TR iR B Ebrnating
diareetjoitesm dierdaipactdtapmpacitheairss atfitssiephaxt bevacsaldeswiddntbach pair

first and h sides facing th ne direction. U.S. Pat, No.,
B2 ST PLoler Wieesies SAVERDMA4Eh, S apotes an
asyennatieriach dasis and ﬁ@ﬁ%@i@ﬁﬁ%%ﬂfer%ﬂié’é@% HiRetamaske '!(:jlde.

a faceplate. The second array is orthogonal and thérefore cross- polarize

relative{eStRafirNariag 3 TR irtq heagraiedtict eedesnribemg weakguide antenna
SRR BTG OSONTES 8 DU i
thete isrpangietbdta emit electromagnetic fields with separate directions of
polarization. The waveguide antenna includes a first waveguide having a first
rectangular cross-section with lateral slots at substantially right angles with
respect to the longitudinal axis of the first waveguide. The lateral slots are
arranged in a first short side of the first waveguide. The waveguide antenna also
includes a second waveguide having a 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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waveguide slot antenna element having a non-radiating side and a
radiating side disposed opposite to the non-radiating side. The

W3 'T48edthg side includes a 5 feeding port, while the radiatif§ $itle2006/001026
includes a at least one pair of radiating slots. The waveguide slot antenna
element includes an energy splitter arradngement accommodated between
the radiating and non-radiating sides along a path of an ingress

SUPANMARN /Y& FEif 1pegN ey the feeding port towards the

radiating slots. The energy splitter arrangement is configured as a

one-stagedrdikzmultbatagemntrof shttierdsegiréattmivigresere is provided a
electromagnetic field from the feeding port to the, correspondinz pairs of

WalREHES R antennirlament SMHBEIMannoratiating sidshatdea sadisiipe side
disyeseF o??fé%ﬁ‘é %Ba{ﬁéﬁﬁ)ﬂfﬁélﬁé%@%&egiffﬁ@%oﬁm 0ge filiudes a
e e in the range of

example, predetermined distance can 05% to

focdingapatpretalatheandiating gdedindhedess s lvastiesiequhipef aaidigting slots.
,Imavelen th oithé(gnte na. Aciordin%to??nldembodiment of thf invention ¢

& PAARE oA ST PISTRE DSy AL FHEERY SPIAHGH RGP emen
RSt Eafdl beteesa hiemanitndhemaanos dHerling Flee)doilien high of an
slots can be inclined at an angle in the, ran%? of 30 to 60, and preferably

ingEIsRrReEPBREREES (Ssd cPrendeating ohghudie Bedingcaadirgprds the
_ ontaf the | : . _ . |
S e o R 8 B e Slage or
mnltrstageleanergyssphitfayute diioc cpthatmgitsn elegtnoicragretie ffeg]defrom the
ange. 25 Accoyding to another aspect qf t resent invention, there is
%F@gﬂfeao&t %ﬁgg‘fﬁaléeﬁﬁ’ rﬁ@iﬁﬁ?ﬁi?@&l&&lsing a plurality of
the sloh gedeand elementsiRwHked alfolR WVehiment heidting slots are

arranged along a longitudinal axis of the slot antenna linear array in a

SHRRESy AP rélafiopredeteraimgdodisipasetiiaspech ot pldegample, the
A 10 e MOV A PRl o
(FOTWh2e0k/Boheakesired operating wavelength of the antenna. :

According to an embodiment of the invention, the radiating slots are
parallel to each other and slanted to a longitudinal axis of the slot antenna
element in the same direction. For example, the slots 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



-4 slot antenna linear arrays arranged along a longitudinal axis of the
antenna array and stacked in a parallel relation. According to an
WRaMBe98nt of the invention, the plurality of the waveguide S6Tdh29A¢(801026
linear arrays includes a first pair of slot antenna linear 5 arrays and a
second pair of slot antenna linear arrayg arranged in a parallel relation.
The radiating slots of the first pair of slot antenna linear arrays are
erieavech e heRigis alitheosacsnd Pailcl SIRlBRAEIRES I AHREAna array
so that the slots of the first pair and the slots of the second pair are slant
sadrackeditociraralislirelatiabunter directions. For example, radiating
slots oluheftsh 40 Rair cag e SIANSH AbALRU! ARARAIGES WM KRSREE ot the
es wi

the longitudinal @xis of the antenna array, and be at right’angles w

vespeniitetbbtatdisdingslpisaef dnayscochaipaia AcstopdiitodP sloe antenna linear

embodiéggnt of the invention, the radiating s|pts in each pair of antenna

5 arays and 18y SPORMICRRIT dtRetof SARESIINGEa ATRST RiBBERthaR: 8f paralle]
FeRE AR, $HQiERRIBNG ST Phellh i ARAIOPIHA! BRIEANR IDCRF arrays are

arrays can be shifted along the longitudinal axis at a certain distance with

hetsplasviedtive thadhstislptsior§ Bretisecoasbpdip aif ok istantenlindimearays so that

rrays. Accerding to yet another aspect of the present invention, there is
A D R R M B SRR idh et o e

wingytdéseibrikdhatie. cdhetenelirectivalutes Sxarsiple ofadliptyindots of the first

electromagnetic ener%ﬂ?f a éaredetermined frequency to the feeding ports

10 Bevhea SEkniTd sk AbREAAR drarsenmalbIsPRridadie hongaidinglogxis of the
ANEINA MRSAT AAENASRERAGHBYS vAREHAINGY 1eIRRYIAABAG'AIBR S the

electromagnetic field of desired polarization. 25 According to one
senbodipadént of the present invention, the supplying of electromagnetic

energy includes epergizing the.first pair.of slot antenna Jinear,.arrays.in .
ohace RS RS e Pk SR AP LG TEYHRY 300s i cach
perediprRArRlesinmags &iccliiihavtlgshrpolarization of the radiated

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

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

axis at a certain distance with respect to the radiating slots of the second 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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electromagnetiq field linear and perpendicular to the longitudinal axis of
the 30 waveguide slot antenna planar array. WO 2007/036927
W@@WWJ@%/OOlOZG -5 According to another embodiment oP{&Ib8eEp1026
invention, t_he supplying of electromagnetic energy includes energizing
the_ first pair of slot antenna linear argays in out of phase with the second
fpall(rj of sl_ot antenna linear arrays, thereby to generate an electromagnetic
ield having.orthogonay linear PORHZAIUT ehiNsreséatliaiRshtion, the supplyin
glec ' %{gﬁ%%c?%ﬁ&kcc%%ng to still anotfi?rembodiment of the preggn%/ s
ofltﬁreegfmﬁagmtismn@ygimﬂawremgng theefiytinenirlssiofergiemp linear
e first pair of slot antenna linear arrays and the i,
vt B REPEH HaSee LERR E PAsy b HARRES thercby 0
scsaio MRl ke gicke yiat iggpolaigdian. iheaslgatimtion of the
arrays o 'the present invention has many of the advantages of the prior
ragfim;tbluqmemaghda(sﬁﬁlldaneously overcoming some of the
isadyantages normally ass iate rewith. T, t afkRYstion,
accoéiﬁ‘?ﬁ’i‘g“?ﬁe %’re?i t %%rﬁﬂ%)ngrlégé @gﬂ eéglgib?ﬁs?ﬂgﬁ e&%g%i% fon," the
suggg}op%{%cwﬁqeaﬂ:%ﬁ@ﬁﬁr blﬁ@m@yajmhmo&ngrgizmpth%eﬁﬁhmﬁi&f slot
urable and reliable construction. There has thus been outlined.
al??@g bﬁg@awmﬁnﬁaﬁb o er eondr Al r8£ %?Eﬁéluﬁ%%t%%e% %ﬁgﬁdén phase
efailed degerintion thersgf thaifolipwsheseialiaied0 nfisldelmniag  circul
yadrature, _ e circular
qs .ersfood, andB R?e pregent contribution to the art may be better ;
p(?aﬁ:mlatr?da Additional details and advantages of the invention will be set
orth in the detailed description. N IR :
o RS e Rl I ORSCRHONOE THE many of e
a&%ﬁﬁt@%&%ﬂﬁ%%ﬁm Aastbeiqietcnddlerinndiarernssiyiovenepaing some of

described, by way of non-limitin .
the disadvantages normally associated therewith.

The slot antenna arrays according to the present invention may be easily
and efficiently manufactured.

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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e>_<amples only, with reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of a basic waveguide slot antenna element of
W@Z@}Méﬁ?@nna array, in accordance with an embodiment of tR€ Tie2e1¢{001026

invention; WO 2007/036927 PCT/IL2006/001026 -6- Fig. 2 is a

perspective view of a slot antenna lingararray, in accordance with an

embodiment of the present invention; Fig. 3 is a perspective view of a

waveguide slot antenna el i ' e i toari
o thel e R TS Lo L ALAOHEE M AR RS it
arfeadanaentih ke gsednipaitient of the present invention; Fig. 5 is a

schematic plan view of a waveguide slot antenna planar array, in .
accorE!gjcs W&rﬁaﬁeéﬁﬁ’ﬁ%%ew& tRE &e@@ﬁ?@ﬁéﬁt%ﬂ?aﬁ%? Sigment, in
2SRRI HEH S nBGESLId e SiAL fataBRAmaRdbArTay. in Lo
accordance with another embodiment of the present invention. DETAILED

DESQR$PTIN 5 SRECH DN BRI ENTS dansphitagthggembodiment

Qperation of a slot antenna array according to the present invention may
Ogﬁiﬁé"’c’fﬁqﬁlﬁdlwgf%ﬁlwith reference to the drawings and is the

acCoNpaNFINg AL HIRIAN plhReitewbieratoashtiids tleserteanmpluae array, in
given for illustrative purposes only and are not meant to be limiting.

afelstanes G @ntRE1 P eyt oft ?&mﬂ?@tr%?é‘ﬁé’é" erals designate
corespanding parte ENAY S Y TALENRAE o NS Boar sy i

persp View o Sit waveguide slot antenna element 1, in

2866RTSARCH it hrvitied entaatiinesnodftiesppessatrinveminibn. 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 proportion illustrated in Fig. 1. As will be

i S e SR LI O, SRR TN o

elemepi 1 iﬁr?ﬁ&%fé@%?d%ﬁéf%@ﬁ’ of a slot antenna array according to the
present invention may be better understood with reference to the drawings and
the accompanying description. It being understood that these drawings are given
for illustrative purposes only and are not meant to be limiting.

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
material. 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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block made of an electrically conducted material, e.g., aluminum or other
suitable material. The slot antenna element 1 has a non-radiating side 2,
WORidae 27 feeding port 3, and a radiating side 4 disposed of6dsHE406(pE 026
non-radiating side 2, which includes a pair of radiating slots 5. The basic
slot antenna element 1 WO 2007/03@9?_7_ PCT/1L2006/001026 -7-
includes an electromagnetic energy splitter arrangement 6 in the form of
litter accommodated bet

.an energy s n the radiati

S R ARG SO S e b SR 0 dp. fhgform of an

cRERRRoAsse dEeninesiag:Aobetwianaths thdimitiatingdlatmsradibtieg sides
electromagnetic energy splitter 6 defines two chambers 7 aéjd

abene RAIDYTAD AREHENS RHIF ORMER Bl Hdcl ARRRaSA I, %“iitb&fﬁf‘éﬁng port
3‘?&@%&@{{1%51%(&%%%&?@@@ slot 5. In transmission mode, the basic
isfe

antenna elemen with electromagnetic field through the feeding

port 3Thke sharesmegattiomagnelc splfitdd 6 dofiless bimbeqbariberswalland 8
6 of the energy splitter 6 into two halves, and passes into ¢ bers 7 and
SEPRALEE e L REPHGHRAT AR fob e P RBethe PHIOh FSARHRGES to the
C%ﬂlésfé(éﬂdﬁ -%ﬂiﬁﬂﬁ%@ﬂﬂsﬁ? linear polarization perpendicularly to the
|

longitudinal axis of the slots 5. It should be understood by a person versed
in the Et thahsneissioregoiode] Sthiot hattanansrmantelesagnbe bisis fed with

tilized for receptian of the electrorpagnetic _fiel tati is, t .
R AR T e o M G S
fiafigingaleta ByriBespatRibaRAl & arnfreisierminplitistériaeltvrohalves, and

example, the predetermined distance 1 can be In the range of 0.5? to

s e phievry Aot 8,7 hwkelesialethomagnetiodieldkiadig cqually to
t ea veléa ngtgfo frﬂziea%f] tengﬁthoge_ Qt\éerrg[la?a@d'gﬂn%ﬁ ﬁs% aq@ngg{:al 14fization
acho]t Oan n%%l to af 0}

_ erandsla ongitudinal axis 0 of the Slot antenna element
Peipeliticeanmty di et dongondixainples tfalstatiots &an be inclined at an

angle in the range of 300 to 600, and preferabl I ]
wit?] r&@&q@tﬁg understoog by a perr)son versed Tirall e At ’H'Ia%bcﬁlejtvégvegulde

slot antenna element 1 can be also utilized for reception of the electromagnetic
field, mutatis mutandis, to operate in reception mode.

According to an embodiment of the invention, radiating slots 5 are spaced
apart at a predetermined distance /. For example, 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.



longitudinal axis. 25 According to one non-limiting example, the
dimensions for the basic slot antenna element 1 for the antenna operating

WOirREFeRTency band X (BGHz- 10GHz) can be set to the folRMiAg2006/001026
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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 incliged at 45; the distance between
the non-radiating side 2 and the radiating side 4 is 30 16mm. WO

2007/035'% % 8114&889&4@3%&% of e W HQ‘%‘ie DY AR Mfzed in a

waved ement 1 can zedina wa egU|de S Ot antenna arrays.

Wwefeyiiddsky adtaperanaytyReian oigs ot E@.eﬂpalmapamta;e%wv of slot
illustrated, in accordance wijth an embodiment of the present invention.
afena; iean A inel é?r&;[)-‘ w&q*udesaa%%w o aslb%zgshaﬁapent of the

g{gg?g%&i%‘i’ﬂﬁ&ﬁ? FRErangedRING BdapHiingd 810485 gﬁl@hty of the

lation. Energy can be delivered to the fe€ding ports 21 through a
basimsdmt am«rmgu Riemwtsﬂmmra)n@dthlsng)ﬂﬁi@ lwag‘ﬁndﬁhelsimsaﬁlanwamde-by-

UG ol BOR RS BRI B4 e Nl gmmon

Rangalde (hghgyg;w?g understood that although six adjacent slot antenna
elements 1 in a row are shown in Fig. 2, in practice, any required number

of the @as‘dlgowrﬁ@ﬁn@tl@@mbﬁtgl@am@@mdw mraﬂgcwmge@@ as an
ly

SRSRTE IS VOl S A0 AT e AR AU

tiet turigitndintdmatis 36 htire ashon-fadshimidsite hdactaidgthdeedthgugh six

port 12, and a radiating side 13 disposed opposite to the non-radjating :
%@d%@t mm%mae%%%a b HW ACE SnrkignhoihEtice, any

dBiithed Pend BhaiS IR AlemAN BR ALLES R0 SRSTEYCRpitter

arrangement (energy divider) 31 accommodated between the radiating
and noRefetimgdgteiddig2@Gabmespectof arndngrebsaciwavegiidaesiot antenna
fIIe e g%gatlﬁgi&%?et elrfleggér& da%f:te with another embodiment of the present

invention. The slot antenna element 30 has a non-radiating side 11, including a

feeding port 12, and a radiating side 13 disposed opposite to the non-radiating
side 11, Which includes radiating slots 14. According to the embodiment shown
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



12 towards the radiating slots 14. The energy splitter arrangement 31 is
configured as a two-stage energy splitter to direct the ingress

WQRROH 8302 Tnetic field from the feeding port 12 to the pluralityR§FFAEAi6601026
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slots 14. The energy splitter arrangement 31 includes a 25 primary splitter
15 arranged downstream of the feedinggport 12. The primary splitter 15
defines two chambers 151 and 152 separated by a partition wall 153. The

t r l . .
CHHOES 71 AL 172 SERapll R BREHOR AR BT BB Ely. The fou
shpnrates! b1 (162ifidT Waihd 687 Ivhite theuptednitathapfitar fatiiafineslots 14,
two WO 2007/036927 PCT/IL2006/001026 -9- chambers 171 and 172
§85’§§H%8b9%ypartition wall 173, respectively. The four chambers 161,

162, 113, afd AR R AOYRIIL IO the faphradiaingsIfkdtbnt 30 is fed with

correspondingly. In transmission mode, the slot antenna element 30 is fed

elitot®miagnasindgeldithiielth thegfeddinte guinig12erilh2. intgeassy edsstromagnetic
romagnetic field is divided by th itiop wall 153 of the prim .

S P 1A BY e R pae el T8 el pehiinsDsanntiesg 1S into two

haRRS! Jihe FASSEomrOpRAM el 13as888 IS raearpdaly sRItRSMAbnetic field

and 17, where the field is secondary divided by the walls 163 and 173.

pawsesthe helaqsenssyrspitternibend (67, whore therblelddis secondary divided
!’33%’?%% Tﬁ?%% g8 Ee&eq e@%%i&;]é’%égﬁ%%‘ﬁa@ﬁ%gé telé?lgbsell%tslc%fh ﬁz, 171

e an'in-phase linear polarization per ongitudin

anié 192thespetsiteBhovldhetbodarkideddl ejpalisomn \hiesesuinrtiiatitg slots 14
that the antenna slot antenna element 30 can be_also utilized for

fedadiats apcveRhest dmstneatenirtionsheinerdichlashite, taedositudinal axis
segRtigptgnode. It should be understood by a person versed in the art that
generally, the waveguide slot antenna element is not bound by employing
the twolsshgeldiidemdocieod by praetiventiversist imtberatictbatdhe cartenna slot

g‘ncggﬁ‘faaeqe%]eer{pgdlv & ggigﬁo utilized for reception of the electromagnetic field,
mutatis mutandis, to operate in reception mode.

It should be understood by a person versed in the art that generally, the
waveguide slot antenna element is not bound by employing the two-stage divider
100, and in practice 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
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radiating slots. Referring to Fig. 4, a slot antenna linear array 40 is

illustrated, in accordance with anotherepgbhodiment of the present

invention. The slot antenna array 40 includes a plurality of the \_/vavc_aguide
Sbanisrpiglen ' HAf ALNaRK RadieoiniRA B ARALRY AR clements
side-by-side relation. Energy can’be delivered to the feeding ports 41

tieesuth engdmyiedn waveguide (not shown). Similar to the configuration

shown e in Fig. 2. the_slot antenna array 40 can gperate as
antenngg??aé{%gﬁe%téggaeﬁn@aﬁ??b?g}@%iQrﬁ%éeﬁgm ﬁe‘ffévﬁg}&af{é slot antenna
REERACERIArS0 19qTIRREAUSINFhaxde Sduie s HisH 4l tahBEH BB Qof the present

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

e gptiopo e 3dob rerma pbsneneyeS01imelrdesnarpugalityirof slot antenna

racti reguired number of slot .antepna elements . can be .
e L B LR R S T s tinean
anteysS1piackada) eyt Hdnbit Hidted 1) decoldoace it aieamadiPehown in

of the present 5 inventign. The slot antenna planar array 50 includes a

pltifartty (B SIS anienna linear aray 48 shasak i Rig, e ibaligombination.
ExamplegahiheSighaniganad Bhaf" %'Q&LT%%&#B%%@&BM%%%«: field

to, the slot antenna linear array 20 shown in Fig. 2, the slot antenna Imear
dhreough shewfeadifig. godnd tioirshowbinaliba. ivgesshel siotcantgnietic field is

planar arr. is fed with electromagnetic field 10 through.the feedin

R R S Hat SR UUR ag Lt FRATD ciBedetl BAUALY to the
CosTRspRMAIG SPARIME0§IOVSD aad fadisrually 1 iPRasO BN HBBirization
radiating slots 52 to radiate an in-phase linear polarization

M@ﬂgﬂ&%ﬂb’t@tﬂ@ lmgittndinalaaissriie sitats. Referring to Fig. 6, a
schema [ ayegui n 5 planar array 60 i
iIIustra'?gag,fier%‘?zilﬂllclz%o?ré‘c}IIaﬁnI é\g\iit ano(%ﬁ‘lear][%E 1o ri]r?]%n o tﬁewaveglﬁc?e sfot antenna
planar array 60 is illustrated, in accordance with another embodiment of the

present invention. It should be noted that the blocks in Fig. 6 are intended as
functional entities only, such that the functional relationships between the entities
are shown, rather than any physical connections and/or physical relationships.

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



present invention. It should be noted that the blocks in Fig. 6 are intended
as functional entities only, such that the functional relationships between

WOROWENHIBY are shown, rather than any physical connections R&iE1&2006/001026

10

15

25

30

physical relationships. The slot antenna planar array 60 includes a first

pair of slot antenna linear 20 arrays 61ignd a second pair of slot antenna

linear arrays 62 arranged in parallel relation. Slots 611 of the first pair of
E%@@%@ﬁéﬁfﬁa{s?é%&ﬁﬁ% ipLeriesRe dﬁ?tﬂl %ﬁ%&%‘iﬂé S&EWpair of

%;glr of slot antenna linear arrays%gz so that tﬁéys ots%t611 and 621 are pait o

tharltedatoatireylmngitudinal axis 0. For example, the slots 611 and 621 can

be slanted 45 degrees in the counter directjon with respect to the 2
gt BIHER B RS e PLAAS §: BAT0 TaigP enables to
868iRs Wiﬁ‘pfﬁﬁﬁ%ﬁii%e@f? methedi ALV IRRIAIaNE M@%Pﬁ%@e}a@te_nnined

used. According to the embodiment shown in Fig. 6, the slots in each pair

Graueryuidbealcsdingrive(noftishawn)ovh shesdobrategne dinstiegrrays 61 and
bodiment of the invention, the radiati lots. of 30 the first pair.of th .
A LS W MR AR kR olher AR GOl SR desired

BORFLABOR T RC HHL2ORE/ARE Toor Ekampleatwinartaiie diatanpeitvish the linear
respect to the radiating slots of the second pair of the linear arrays. In

prepticéltia snergEsfeit oA SIIANtBRMetIRaPal Rl clncArRBRYS 62, the
E?f%f@a@&lofi Hratanigfdieladidied sleatonagnsticdield Qi@ perpendicular to

edetermined 5 frequency. The feeding ports (not shown) of the siot
thedlongilindimahraays 6L afidie2 stah desupppdahaitaeaprg). In turn, when the

independently of each other, and.a field of desiyed rization can be

AR AP LIRSS e Ay QL EIEse (c.8. the
pRgsgized inphassrwithtirsaseag PablAilinesh aisayeRdaled; and when the
polarization of the radiated electromagnetic field is linear and

paeheiraitnaeidhivlineanagiaydifd| sndstd ds dnephiasaduasdiatmararey ity phase
60l tur energizati : ,
o R S S et R S Mo

shoemebatadilaok imdécatbe by a reference numeral 63 can be utilized for varying

the polarization dynamically. The operation of such a phase-shift network is
known per se, thus it will not be expounded hereinbelow.

According to another embodiment of the invention, the first pair of slot
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
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the phase is 900, circular polarization is generated. In this respect, a

WQRFAHNIFT network 15 shown by a block indicated by a refer8addintdolen026
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63 can be utilized for varying the polarization dynamically. The operation

of such a phase-shift network is knownjper se, thus it will not be

expounded hereinbelow. According to another embodiment of the

iAveRtien: ' ingar arrays:6. 6an be canfi a0
iiveniion, the IRy IRt SOINRINRERIRY BOR AR R SAIOMIE: 30 1n

or operation with & linear polarizat
Tiig. e datdraingn fRiguef)cghbuldrnothexsareha paicddtsiohimpiénndue, to wit:

inear arrays, 62 can be configured for ration with a linear polarization
S8 G ctiis e e 3 il AR e AbER I otance I
s e e AR ERTRUOHY i Sop6RM an GPAPER ABLIREL: arrays

polarization antenna. Such an antenna array can, for example, be utilized

ok asicehthoulddivlesuopcspr] wh8r@two different frequencies are used

for transmitti nd receiving mages. It should be pnderstood.that the slot = .
antenn%sbl%%c =aﬁ}8§% gﬁ@iﬁf? ?N&F{fs?é ‘;‘}1 Hvuglggnt%% BB?FI’F@][[] ey ?ﬁ%&ﬂnsg ertains,
asriuppovidere Hasaider deAproria. ivantiva 1easHefhoidséidEyaif terms of
appearance of grating lobes in the radiation pattern of the 30 phased array

Brr&sTredrsmhasbrendss esreRrRioRNEP R 3t this shissterurgds based, may

00U, W%ﬁﬂ?ﬁy %@goﬁégﬁl?&ﬁthé?d&\fgﬂﬁ% ?r?%tﬂéqt@twgéégﬁ] s&zlséc.ems and

waveguide elements (1 in Fig. 1; 20 In Fig.”2; Ig. 3; an
piatesstd hot exrgaoptdbetmveind gupossstofitie WededXinteistion.

boticdl TETPUEIAL ST ARTHEE a7 P BLIANGR U0t db Efinhound to the
URemipiEsaYT thel aekhdtiineulsthRminss ovaeHahe &Sy ATRIGRallResRle slot

skilled in the art to which the present invention pertains, can appreciate

ArdeHs Ry REJBAt PEGEFIoMNERLINEE Fatk SEIBRLS iteRpei v rBTedR mulatis
ipents, the conception, upon which this disclosure is based, may

readily be utilized as a basis for the designing of other structures systems

and It should be noted that although a one stage and two-stage energy splitter

configurations are described above in detail with reference to Fig. 1 and Fig. 3,
correspondingly, in practice, a multi-stage energy divider providing any required
number of the splitting stages can be utilized.

It can be appreciated by a person of the art that the waveguide slot antenna
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
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.
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1o processes for carrying out the several purposes of the present

invention. It is apparent that the antenna of the present invention is not LLOYD WISE

bound to the examples of the transmitting antennas. When necessary,
the waveguide slot antenna array of the present invention can operate in
receiving mode, mutatis mutandis. 1s It should be noted that although a
one stage and two-stage energy splitter; gonfigurations are described
above in detail with reference to Fig. 1 and Fig. 3, correspondingly, in
pragticevig multi-stage energy divider providing any required number of
the splitting stages can be utilized. It can be appreciated by a person of
the art that the waveguide slot antenna 20 array of the present invention
may hava rumegiodissapplicationdehbe listpfidpglications includes, but is

not limited tod vadri[ac%us co mulﬂicﬁatior}bgg& |B(gr9nd detection (e.g., radar)

devices Sﬁlgréﬁng in the rélacueng ?ange about 300 MHz to 40 GHz. It

is to be undérgiopdideatithesphrasesiody hndterditsiogyienipidyrdudiae at least
hesein, are fohdNg RS AL AEFERPHON AR ShRMIC Rl e LgeRhdadiAsher,

limiting. It is important, therefore, that the scope of the invention is not

conberaiscseld iedaigmineshdiyancs inathaivessnmb8ditertts sethsit. is the

heégéﬂpé)éﬁéraﬂﬁéi%‘%@f%@gﬁ Aessiplewishipnheiseare @hhe Prasant parallel to
invention as defined in the appended claims. LLOYD WISE -13 CLAIMS;

1. adathegantesiipeditchlieaietm e bHsiNgG Y s Hon e ficaige i the

inglglingracfegpding port; 5 a radiating side disposed opposite to the

non-radiating side and including at least one pair.of radiating sléjt%.s acgd
é?% radia mg an

apart at A HrRTSe M kL A T R e non-

ef, wherein sal
predetenyinéd distanceais of themangeebt0b2) gtot®. 92|d wherezdtinis flhe the

CopLstl RN HAYRIRN LIRS AP SEEl (e radiating lts

2. The waveguide slot antenna element of claim 1 wherein said energy splitter
arrangement is configured as a multi-stage energy splitter to direct the ingress

electromagnetic field from the feeding port to the plurality of radiating slots.

3. The waveguide slot antenna element of claim 1 wherein said energy splitter
arrangement comprises a primary splitter downstream of the feeding port, said primary
splitter defining two primary chambers separated by a partition wall; 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.
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each other and slanted to a longitudinal axis of the waveguide antenna

element in the 10 same direction; and an energy splitter arrangement LLOYD WISE

accommodated between said radiating and non- radiating sides along a
path of an ingress electromagnetic field propagating from the feeding port
towards said at least one pair of radiating slots. 15 2. The waveguide slot
antenna clement of claim | wherein said £nergy splitter arrangement is
configured as a multi-stage energy splitter to direct the ingress
electromagnetic field from the feeding port to the plurality of radiating
slots. 20 3. The waveguide slot antenna element of claim 1 wherein said
energy splitter arrangement comprises a primary splitter downstream of
thé feedifiy porsgaitt plitantgnspittercdéfihitg riwlovprimear gt anedetesmined
s%?&rgtgqs%&p@%pn wall; 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

23 partitign yall. Wier e 6a0h NG RREPOEARLENAMREL i GRuURlRdjaipne
slot of the corresponding pair of radiating slots. 30 LLOYD WISE -14 t4.600
e} .

THelanegaias dlotantshivahadenaivtdrdiars ivindiertngg gl about 30

predetermined distance is about 0.77,,. 5 5. The waveguide slot antenna

element of claim 1 wherein a tilt angle of the radjating slots with rgsp?ﬁl less
cw

to%the longRoviHeaAdsss QL ANRRIAHERSF Sbdatso 5ED8 2 Baysr!

waaglidesles angenna element of claim | having a waveguide width less

10 than or equal to 0.4X. 7. The waveguide slot antenna element of claim

1 configured to operate within the frequency range of about 300MHz to
abjout 40GHZal&8idA siavegiitectatcantdntanineandigay ¢ anvprisiegréthin the

Pty Of e WAV SANAC00MH? 10 about 40GHz.

8. A waveguide slot antenna linear array comprising a plurality of the waveguide
slot antenna elements of claim 1 arranged along a longitudinal axis of said slot antenna

linear array in a side-by-side relation.

9. A waveguide slot antenna planar array comprising a plurality of the waveguide
slot antenna linear arrays of claim 8 arranged along a longitudinal axis of said

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

10.  The waveguide slot antenna planar array of claim 9, 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 atranged in a parallel relation, wherein
the radiating slots of the first pair of slot antenna linear arrays are interleaved with the
slots of the second pair of slot antenna linear arrays so that the slots of said first pair and

the slots of said second pair are slant to said longitudinal axis in the counter directions.
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slot antenna elements of claim 1 arranged along a longitudinal axis of said

slot antenna linear array in a side-by-side relation. 9. A waveguide slot LLO

antenna planar array comprising a plurality of the waveguide 20 slot

antenna linear arrays of claim 8 arranged along a longitudinal axis of said
waveguide slot antenna planar array and stacked in a parallel relation. 10.
The waveguide slot antenna planar array.of claim 9, wherein said plurality

of the waveguide slot antenna linear arrays includes a first pair of slot
antenna linear arrays 25 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 arrays are interleaved with the slots of the second

pdil- of siotantenive Hdantayslespthanihe slotgdilsalfirstthairdindngéots of

SIgfR) %&%éﬁ@%@@l5@4&%@1@&9@@&%@%&%9@4&5@ Hngnﬁma UL of the
directions. 30 LLOYD WI; E -15 11. A waveguide slot antenna planar

aﬁlayaéfm%rﬁlwmé%lWﬂ%ér?éaragm@%&&%ﬁ%m?ﬁ%%ﬁ tgfdatingtlodp of

atZpQut e gewrees with respect to the longitudinal axis of the 5 slot

antenna planar array, and are at right angles with respect to the radiating

slots of said second pair. 12. A waveguide slot antenna planar array of

claim 10awhereinithe kadiating $bistnrescl gainof Glohante drardidiedig slots in

arrays are Ife\fe% vxrllltth eac h other, 10 1 A way?% Hl ot antenna planar
TEW Re et

1r,0 nna m I arrays are level w
arra 5 Claim Erein the ra(Ya?rng slots palr of slot

antenna linear arrays can be shifted along the longitudinal axis at a

cqrain distance, Wil ISSPESHP I&Bﬁaﬁaﬂ Ing Sk %Wﬁeﬁe@%’f@r&’cﬁb&xa& slots of

slot antenna linear arrays. 15 14. A method of operating the wavegui

sibednteama ﬂal@aﬁaﬁerwém@mﬁrw cebhspisteg: %atpgatbmlgngltudmal axis at a
eleGHaMmRINRUCANErap Q% B RIedsIRImNad {reauRReYiR thafeedingntenna

linear arrays.

14. A method of operating the waveguide slot antenna planar array of claim 10,
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.

15.  The method of claim 14 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.

16.  The method of claim 14 wherein said supplying of electromagnetic energy
includes energizing the first pair of slot antenna linear arrays in out of phase with the
second pair of slot antenna linear arrays, thereby to generate an electromagnetic field

having orthogonal linear polarization of the radiated electromagnetic field.

Y1 WISE
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ports of said first pair of slot antenna linear arrays and said second pair of

slot antenna 20 linear arrays independently of each other: thereby to LLOYDA

generate an electromagnetic field of desired polarization. 15. The method

of claim 14 wherein said supplying of electromagnetic energy includes
energizing the first pair of slot antenna linear arrays in phase with the

second 25 pair of slot antenna linear angys, 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. 16. The method of claim 14 wherein said
supplying of electromagnetic energy 30 includes energizing the first pair
oflSlot adtenmatlineaf alrayd 4rbeteof phdsepnitinthe! decomdjzaitofsiory
arhﬁ‘éfﬁ%@s'%?%?élﬁ'}{ ¥l§e K}Q{SQ}‘ &P @&%’i@ﬁﬁﬁ%@ﬁ%‘ggﬁ%‘%ﬂg sfé%lgld Fall‘ of slot

having orthogonal linear polarization of the radiated €lectromagnetic fie

L RO DANTSE ey 1 MHeABMHES dhsiith1 40/asaretls niel aiiopnptytor field
elpgiremagnetiosnarayolcludes energizing the first pair of slot antenna

linear arrays and the second pair of slot 5 antenna linear arrays in phase
guadrature, thereby to generate an electromagnetic field having circular
palgrizatite. \ﬂz&egtnﬂa/\s@amwdﬁasjmhamefammm arref@telainahOss between
whergin distances between he Ilngar arrg, |n the fir t and second pairs

o O R Ay Ly B By ol gl SR e S o

equal to 0.8%.
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