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A PLANAR DU&’I ENCY ARRAY ANTENNA FI ELD OF_THE
| NVENTI ON Ji%ﬁg\{ The present invention relates to pl an &A%
assenblies for use -1-

A PLANAR DUAL—FREQUENCY ARRAY ANTENNA

FIELD OF THE INVENTION '
The present invention relates to planar antenna assemblies for use
in radiowave communications in general and in mobile satellite communica-

tion systems in particular.
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10 BACKGROUND OF THE INVENTION N
| A major requirement in achieving a satisfactory communication
link between a gro‘ﬁ_ﬁd_ -étation and a satellite is that the ground station
antenna point in the difection of the satellite, i.¢. tHat the maximum of the
ground station antdf\fnifS',beam pattern be aligned along the line of sight
15 between the grounc_i'— statlon and the satellite. If the ground station is a
mobile platform an;_i_[or, the satellite orbit is geostationary, high or medium-"
earth orbit then the antt_znﬁ_a has to track the satellite in order to continuously
point in the directio":n. of the satellite so as to maintain a reasonable quality
communication link. | |
20 B In the following deScription and claims referencel will be made to
K,-band and L-band'--fl_'fe:q_gency ranges which are generally accepted to be
detinied as follows: |
K,-band: 10.70 - 1275 GHz; L-band: 1.49 - 1.71 GHz.
Various app'r"_(:)#ches are known for the -architecture of antenna
25  assemblies for mobile and non-mobile communication systems. The most
common of these isa ;w’;)-éxis mechanical tracking system. The antenna
itself may be a micros_tr@? type or another, such a$ the NEC (see, e.g.,
Hiroyuki Inafuku, ef al. (1989)) or KVH (KVH Industries, Inc., Middletown,

RI, US.A) systems_fQ' : "éspectively, K,;-band and L-band transmissions.
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The above references will be referred to herein by indicating, W thin
brackets, 't HWOP8M8928f t he aut hor or conpany and the year of PCT/IL96/00037
publii cation, or the patent nunber, whateves .the case may be. 10
BACKGROUND OF THE | NVENTI ON A major requirenment in
achieving a satisfactory conmunication | i nk between a ground station

and a satellite is thath &%tﬁépﬁaeehﬁleﬂagemachasxﬁgc}hemgn@ehmxcmré g

direction of the satelll .e. tha maxi num groun

station ant ennaysiehedsiysadl} ar typieal adiangsid bdinpathehNippore Soéel'si ginglcliayer -
between the ground station and the satellite. If the ground station is a
mobi | e pl at f or mletted-waveguide aareay isysteoy dor Kg-band sransmission, (NipghnoSteebdi um
earth orbit then the antenna has tqQ track the satellite in order to
continuously Corpopgian. fokyendapAtecti on of the satellite so as to

mai ntai n a g§easonabl e al |

the fol | owithg descripti dﬁ?tgfﬁsaﬂpé? Ier(‘;i‘gté:I Orlm'hb%' rféo Mgchanical and "

K[err]-band an be
Klerr]-band a %l&lhéﬁl%éé)&ﬁé’ﬁ‘ﬁ%@dé????%g%h}féﬂgaggcog?gg{%%ld ligneseaphedip b

- 1.71 GHz. TelecommunicatioidrrodustsaDivisienhColarado KUBWA.Y.or t he
architecture of antenna 25 assenblies for nobile and non-nobile
communi cati on systens. These rapstalso knoyommen-mechdniea antenn wssembles for

mechani cal tracking system  The antenna . itself may be a mcrostrip
type or anot hemo@gchcggmwm (Sysems g One such non-mechanical antenna

10 described by CAL __(CAL, Ottawa, Ontario, Canada) employs phase control
on one axis and fixed:beams on the other. A two-axis electrically-steered
antenna assembly employing conventional phase control schemes has been
described by TEC"O.M (TECOM Industries, Inc., Chatsworth CA, US.A).

All these known antenna assemblies for mobile communication

15  systems suffer from the common drawback of operating in a single |
frequency band. Qonsgquently, if one were interested in a mobile commu-
nication system -dﬁer'ating in two different frequency bands then two of the
above-mentioned .aintennas would have to be used which obviously increases
significantly the spatial requirements. ._If the two-band service is provided

20 through two diffeljeh_t satellites, a mechanical pédestal cannot serve the two
antennas. Furthermore,. the antennas of the first three groups mentioned
above suffer from.zthe additional drawback of having mechanical-tracking
systems which tend to be cumbersome and slow", limited in their angular
coverage, and wh_ich are not planar and have to protrude from the surface

25  to which they are__-'appl'iéd. Thus, if such an antenna were to be mounted on
a mobile platform such as the toof of a land vehicle, it would alter the
aerodynamics of siich platform. |

There are lénown dual frequency planar antenna arrays in the art

(c.g U S. 5, 043 738 and U.S. 5 262,791). However, none of the known
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Hi royuki Inafuku, el al. (1989)) or KVH (KVH I ndustries, Inc., M ddletown,
RI, US A) systens for, respectively, Kl err]-band and L-band ]
transm ssWeRs/01921 By anot her nechani cal PEEALSAOMTy
si ngl e-axi s nmechani cal tracking system is used, a typical exanple being ~
the Nippon Steel's single-Iayer sl ot t ed-wavegui de array system for
Klerr]-band transm ssion (N ppon Steel Cor poration, Tokyo, Japan). 5

By yet anot Ngne APRY 87 GhisP R HenBidhdild TRERARS ?xjxdé?ﬁﬂd?%tﬁb%@gf iy

tracking is ‘Used, such as the comuni catl ONs *sys

Tel ecomuni caftbia nPQuedch Wi StsOBwanl'-(ﬁfrﬂﬂP_lanb’- and\chpable of operatinglhere
are al so known non-nechani cal antenna assenblies for ~nobile communication
syst ens. Ondndepéndealyrbc twoifeedueacy drandsd et mage bie Midely space( apurt (& t awa,
Ontari o, Canada), enpl.Qys phase control .on one axis and fi xed, beans on the
other. A twdisediig sa féB¥¢r‘F‘Eﬁﬂ“}u%ac‘m‘g&Vlblhﬂé?ﬁﬁ%lﬂla"é{s%%%@ief&ﬂﬁ? bgtwsn

conventi gnal ase_control schene been descri bed by TECOM ( TECOM
| ndustri®es, t]hﬁt(}.“{o §\/§5Wh?’h&ﬁngﬂ?’i&ﬁg. ).

SUMMARY OF THE INVENTION
It is the object of the present invention to provide a dual-

10 frequency array antenna with electronic beam steering capability in both

frequency bands independently of each other, constructed from two

independent antenna units each operating in a separate frequency band,

having an essentially planar structure and beiﬁg suitable for mounting on an

-outer surface of either a stationary platform or a mobile platform such as a
15  land vehicle, a marine vessel ot an aircraft without significantly altering the |

profile and aerodynamic properties of such surface.

A planar array 'antenna as_semb]y' ‘"according to the invention
comprises first and second -array antenna units, disposed in a layered
formation, for receiving and emitting at two different frequency bands, each

20  having at least one dielectric plate. In thé receiving mode of operation the
antenna assembly receives electrdmégnetic radiation from .an external source
whereas in the transmitting mode of operation the antenna assembly
transmits electromagnetic radiation to an external receiver. The array
antenna unit that is closer o the external source/receiver will be referred to.

25  as the top array antenna unit. The other array antenna unit, which in the
layered formation of the antenna assembly will be further from the external
source/receiver, will be referred to as the bottom array antenna unit. The
terms "top" and "bottom" as applied to the array antenna units should not be

misconstrued as fixing the actual orientation of the planar array antenna



Al'l these known antenna assenblies for nobile conmunication 15 systens
suffer fromthe common drawback of operating in a single frequency band.
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operating in two different frequency bandg then two of the

above- nenti oned antennas woul d have to be used whi ch obvi ously increases
significantly the spatial requirenents. |If the two-band service is provided.
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The term "patch" used herein signifies an area filled completely

or partially with conducting material applied to a face of a dielectric plate,

e.g. by printing conducting surfaces on a dielectric layer or by etching

techniques (hereinafter referred to as printing on, or etching on the dielectric
10 layer, respectively).

- In the following description and claims reference will be made to
feeds, feed lines and fééd line terminals. The length of the feeds and the
location of the feed line terminals have been chosen for convenience of

_ " illustration and Shon]d- not be ﬁonstrued_ as necessarily indicative of any

15  actual design. In féu':i,' in most fabrication processes the feeds (also known
as microstrip lines).f-wizll be terminated at, or near, the edge of the dielectric

plate (also known '_.aS'_thé. feed substrate) on which they are disposed.

However, the actual geometry of the feed network, formed by the feeds; is

not part of the invehﬁoh and therefore dnly a small rcprescﬁtative length of

20  each feed is shown. - F\irthcrmore, such well known issues, in the design of

microstrip antennas, as the positioning of the feed point to adjust the input

impedance level are xit}t discussed here.

In accoxdam:e with the present inveniion there is provided a

planar antenna ass‘embiy for receiving and transmitting electromagnetic

25  radiation in two frequ:éncy bands, said planar antenna assembly comprising,

in a layered format_'-ion',._= first and second planar array antenna units, said first

planar array antenna unit operating in a low frequency band and said second

planar array antenna unit operating in a hfgh frequency band, said first



There are known dual frequency planar antenna arrays in the art e.g.,

U S 5,043,738 and U. S. 5,262, 791. : _ Yet anot her pl anar antenna
assenbl y VW&980d%dj ving and - transnitting el ectromagnetic ?‘éﬁpéf 7in two
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ant enna uni tsecohd pldnar atrafytangnml @miabeing thy battbanphananafrappateanangis;n a 10
| ow frequency band and the second (bottom planar, array antenna unit
operating in a Hsaith firseplasac ariganantempe unit camprisingratdeast ing diglectdenpri ses
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frequenci es plgng;he |l ow frequency band and transparent to frequencies in

t he high frequency band. The second pl anar antenna unit conprises one

di el ectric pl at ecdchviernd dfrsaid feedaamtay baing cmgpded to grospedtipt ame, ofosadd pl anar
array of patches and g .feed array with a plurality of feeds, wherein each
feed is coudtdighes,0hsagdaderst\pneqplangk array afipatehiesches. Still, the

i sol ati on bet vieeg, e, 14 3la@Nsh RSSPBH: BhARPrA) & Biches being resonant

10  to frequencies in said low frequency band and transparent to frequencies in
said high frequency band; "
said ground pl"a_n'é_be_ing reflective to frequencies in said low frequency
band and transparci:j_t to frequencies in said high frequency band;
said second pl__a_n;f an_'ay antenna unit comprising at least one dielectric
15  plate having front and rear faces, a groﬁnd plane, at least one planar array
of patches having a piurality of patches and a feed array having a plurality
of feeds, each feed "'of_'.said feed array being coupled to a respective one of
said patches of said at least one planar array of patches.
The difference betWeen the first planar array antenna unit and the
20  second planar array:;_ax:l_t_eﬁ_na unit, apart from their -operating frequencies, is
that the patches and the ground plane of the first planar array antenna unit
are frequency select-iy; surfaces being transparent to frequencies in the high
frequency band enabliiig the second planar array antenna unit to transmit and
receive electromaghetic radiation band despite the presence of the first
25  planar array antenna unit situated between the second planar array antenna
unit and the external-':_'b__odyii Furthermore, the ground plane of the first planar
‘array antenna unit is reflective to frequencies in the low frequency band and

therefore electromagnetic radiation with frequencies within the low

frequency band do not .inieract with the second planar array antenna unit.



array units is far frombeing perfect. Al so, none of the known 25
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of this type are constructed fromtwo I ndependent pl anar array ant enna
units each with its own ground plane and capabl e of operating
I ndependently in two frequency bands, that may be w dely space apart (as

R e
first planar array antenna unit and of the second planar array antenna unit
that are common in striicture reference will be made in the following to a
"planar array ame_gn:'a unit" that will be used as a generic term for both the
5 first planar array-.é_ntenna unit and the second plainar array antenna unit.
Similarly, the terms. pianar array of patches,'paiches, feed array, feed and
ground plane will be used in the description of the following embodiments
as generic terms for both the first and second planar array antenna units.
In accordance with a first aspect of the invention, the planar array
10  antenna unit compnses a first dielectric plate and a first planar array of
patches having a_-;p}_prahty of patches, said first planar array of patches and
said feed array being disposed on the front face of said first dielectric plate
with each feed o:f"_'s_"z_iid feed array being-electrically coupled-tp a respective
one patch of said ‘patches of said first planar affay of patches and said
15 ground plane'b'ei'x'i"g"diépo_sed on said rear face of said first dielectric plate.
This defines a fxrst or eecond planar array antenna unit with electrically
(directly) coupled patches. |
If deé'iréﬂ the planar array antenna unit further comprises a second
dielectric pléte and a second planar array of patches having a plurality of
20  patches, said second planar array of patches being dxsposed on the front face
of said second dlelectnc plate, said rear face of said second dxelectnc plate
facing the front_f_a_ce,pf said first dielectric plate and each patch of said first
planar array of patches being substantially aligned with a respective one
patch of said patches of said second planar array of patches. This defines
25  a double stack first or second planar array antenna unit with electrically
coupled patches. |
In ac__cpfdance with a second aspect of the invention, the planar
array antenna umt comprises first and second dielectric plates and a first

planar array ofpatches, said first planar array of patches being disposed on




SUMVARY OF THE | NVENTI ON It is the object of the present
I nvention to provide a dual- 10 frequency array antenna with electronic

beam st eeMOR$/0393abi ity in both frequency bands i ndep@&¥ahP§/9008% ecach
other, constructed fromtwo =~ =~ indepenglent antenna units each operating -
In a separate frequency band, havi ng an essentially planar structure
and being suitable for nounting on an outer surface of either a

stationary platdor i i . ' 1 a
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pl anar array antenna assenbly according to the invention conpri ses
first and sebeing electaymagnativaliyucoupled do spespettive ane patch eof said patches
formation, for receiving and emtting at tw different frequgnc ands,
each 20  haof sejdafirst qplamarogrsay)iof| paithes sa&ﬁ gound, plang ‘?"éﬁgicﬁﬂﬂé R of
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external recelver. antenna unit that is closer to

external soudefihéss dirsesr Sédondislanal erragdintenndtunit adth electromagnetigalint enna
unit. The other array antenna unit, which in the | ayered formation of
t he ant enna eewpledipateligsl be further fromthe external

source/receiver, wll be referred.to as.the boft . t it. Th
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ant enna

planar array of patqhes having a plurality of patches, said first planar array

of patches being disPcS§d on the front face of said first dielecﬁric plate, said
ground plane being 'ﬁisp’osed on the rcar face of said first dielectric plate,

- said ground plane having a plurality of apertures, the front face of said

15 'secc'mc_l dielectric plaia facing the rear facc of said first dielectric face and
said feed array being dispbsed on the rear face of éaid second dielectric platé

with each feed of- said feed array Beiug electromagnetically coupled to a
respective one of said patches of said first. planar érray of patches via a
respective one of sa_iﬂ apertures in Said ground plane, said apertures being

20  resonant to freque'n(:iés Within the operating frequency band of the planar
array antenna unit.-: . Wherein said operating frequency band is said low
(high) frequency band if the planar array antenna unit is said first (second)
planar array antenna unit. This defines a first or second planar array
antenna unit with a_pérturé coupled patches.

25 If desirecil'_the planar array antenna unit according to either the
second or the third aspects of thc invention further comprises a third
dielectric plate and a second planar array of patchcs having a plurality of
patches, said second f‘lpla-n:ar array of patches being disposed on the front face

of said third dielectric ﬁiatc, said rcar face of said third dielectric plate
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assenbl y,” WO 1pr acti ce may be horizontal, vertical, .or aRGTEHI$E0037
required orientation. In relation to bothghe first and second array

ant enna units the face of a dielectric plate oriented in the
direction of an external source of electromagnetic radiation wll be
referred to asatfig iHe Bidint 366 of atid first didlctiRCHla® 2Rt &fthi PalciCoPREASI T ©
direction as the "rear face". S e term"patch" used herein
signifies an aeeend iplirmd acraypdbfpatchies being substaatinlinlaligned twitle anespddtive
material applied to a face of a dielectric plate, e.g. by printing
conduct i ng surdnecef said patohes caf: said fiesjeplamar msraptafhpaighes. Thist definesyaes
(hereinafter r on, or etching on the dielectric 10

ferred to.as printi ,
| ayer, respect q}&lg,)stac first or secon(?%lanqrnar{%apmnpngﬂbv«a AP PO

clains refgre ' . S d ' '

Cerm nal o5 rhadfth the bectidREECt dF the invedtRS BleclBfifhonHER T EOupRADAGHS, |
term nal s haverhegracebeante with ahe thitdespecobf the inventiods apefthfd cadgleghoul d

" not be construed as necessarily indicative of any 15 actual design. In

fact, in nost padtheascati on processes the feeds (al so known as
mcrostrip lines) will_be termnated at, or, near, the edge of the
dielectric pl at & ascasdanei Wikl & fenrth agpecinet the dpverrioni e firdy are

cheposed . piabRAEH aplhfa iy B BERLE Y Al BRSPS e SR
represent g i veifse BnfAr Qtray of patches having a plurality of patches, said planar array
of patches being disposed on the front face of said first dielectric plate, said
gr;)und plane being disposed on the rear face of said first dielectric plate,
said first dielectric plate being spaced from said second dielectric plate so -
as to form an antenna chamber, said feed array being disposed on the rear
.15 face of said secoﬂd dielectric plate with each feed of said feed array being
electrically couplc_éd to a respective one of said patches of said first planar
array of patches by a plurality of feed pfobes and said second planar array
 antenna unit being located within said antenna chamber. This defines a first
planar array antéx_ma unit with probe fed patches.
20 | If desired the first planar array antenna unit according to the
fourth aspect of the invention further comprises a third dieleclric plate and
a second planar array of patches having a plurality of patches, said second
planar array of patches being dispdsed on the front face of said third
~ dielectric plate, said rear face of said third dielectric plate facing the front
25  face of said first dielectric plate and each patch of said second planar array
of patches being substantially aligned with a respective one of said patches
of said first planar array of patches. This defines a double stack probe

planar array antenna unit with probe fed patches.



20 each feed is shown. Furthernore, such well known issues, in the design

of mcrostrip antennas, as the positioning of the feed point to
adj ust t ha¥Q P21 i npedance | evel are not di scussed herRCT/ILI6/00037
In accordance with the present inventianyghere is provided a pl anar

antenna assenbly for receiving and transmtting el ectromagnetic 25
radiation in two frequency bands, said planar antenna assenbly conpri sing,

in alayered formatigg, aédo&&én@@vxﬁ?ct%dgféséﬂta’in@érﬁﬁh (L1 rUBhiefipa Sai d
first pl anar array antenna unit operating in a tow frequency band and

sai d second assemblyl cainbe aonsiruotedefrom uili theogembinations wf ah&iffyst plaguency
band, said first WO 98/ 01921
PCT/ | L96/ ooogx;ray antenna unit embodiments definéd above taken togethgr with all the
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one di el &tr aV| ng rear taces 1 east one pl anar
array of patches éi‘@\/h 'ﬁisﬁplanﬁr Eir‘dﬁz%ﬂtéﬂn@ﬁni@&bi@@%fecuﬁcd‘ll%eéo@léélpat@l‘ék”9 a

plurality of feeds ‘and a ground pl ane; : each feed of said
feed array baenpgfcoupl ed to a respective one of said
(22) a double stack first planar arr'ay antenna unit with electrically
coupled patches,
10 (32) a first planar array antenna unit with electromagnetically coupled
patches, . |
(4a) a double stack first planar array antenna unit with electromag-
netically coupled patches, |
(5a) a first planar array antenna unit with aperture coupled patches,
15 - (6a) a double’ stack ﬁrst planar array antenna unit with aperture coupled |
patches,
- (7a) a first planar array antenna unit with probe fed patches, or
(8a) a doublé__-'_:__s_t;ick first planar array antenna unit with probe' fed
patches; o _
20  taken together with any of L
(1b) 2 second planar array antenna unit wnh electncally coupled
patches,
(2b) a double "_'Stg'x__t':kisecbnd planar array antenna unit with electrically
coupled patches, _
25 (3b) a seco;id_.,_planar array antenna unit with electromagnetically
coupled patches, - .'
(4b) a double stack second planar array antenna unit with electromag-
netically coupled patches,

(5b) a second :planar array antenna unit with aperture coupled patches,



patches of said at |east one planar array of patches; each patch
of said at e planar array of patches being resonant 1

frequenci esW§°é% | ow frequency band and transparent to fregﬁgﬁfcél%éoémf-’n
said high frequency band; - . sakdlpround pl ane being reflective to
frequencies in said | ow frequency band and transparent to frequencies
in.said high frequency band; . sai d second planar array antenna
unit conprising at6bpastogble stack aetond planar @fray anféiiangnit'With aRdtyrear
faces, a ground plane, at |east one planar array . of patches having a
plurality of gsaupledspatehies; feed array having a plurality of feeds,
each feed of . said feed_array bejng cqupled to a respecti,ve one of .

sai d patches of said akhg éését?ﬂdn%“ﬁpgr&l?n&rr L9y @nienna Ynits can be designed

second pl anar (84 iy SekepiRa o eEngARsicH (G HREhY CB GhouigY  etfRuRd oo
S tshat °‘é&‘°9’§é f& Aathtidie ground plane of the first planar array

antenna unit requency sel ective surfaces being transparent to
frequencies in the hi When the firstophinay dreayd aarenpbi ogit tisedesigaatd! for aher
array antenna unit_to transmt and recei ve el ectromagnetic radiation
band despite rérepsiossantragsmissionf of eircularly palamzad elecigmagnetio sadiation
situated between the sec.on&l’.glgngr array antenna unit” and the
external body M B charactspzed M ARaly, ound plane of the first planar
array antenna unit_i et Vi i i r cy -band
and t her ef o%gii?éﬁétgﬁngg%rgﬁ gf ﬁ’éfﬁ‘g? ;ag RE% l{u%t H}@a h gﬁé‘ &e@%%ﬁﬁt he
! O\t/v 10 { e oRsiipdddinto 30 DPatebebaedys hdving REclS B eIoEkNiSe8f counRY-
antenna unit. o

clockwise sequence first, second, third and fourth subarray members; said

feeds of said feed array of said first planar array antenna unit are grouped
into 2 x 2 feed sub_éf_r-éys having each in clockwise or counter-clockwise
sequence first, second, third and fourth subarray members; each member of
15 a given feed silbarraj"bé'ing coordinated with one member of a given patch
subarray, the fceds;;a:hd éétches in a given coordinated subarray being rotated
by 90° with resp'ect-"t'-o_' a sequentially preceding su‘barray member. Each of -
the members of fhe_f--ﬁ_rsl]feed érray is linked to a suitable electronics system
~ as known per se coniﬁining a phase control device. By suitably adjusting the
20  phase control devicé the currents flowing in the individual members of each
2 x 2 feed subarray i:;axi be phase delayed by 0°, 90°, 180° and 270° in a
clockwise (or optiopilly counter—clockwise for replacing right hand by left
hand circular polariZaiit;n) sequence. '
' When.tﬁe_" second planar array antenna unit is designed for the
25  reception and transmission of circularly polarized electromagnetic radiation
it is characterized in’ that:
“said at least one array of _patches of Said second planar array antenna
unit is grouped info 2 x 2 patch subarrays having each in clockwise or

counter—clockwise sequence first, second, third and fourth subarray
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Due to tWOM&®E92that there are a number of enbodi nents of tRE/ILIG/003T | st
planar array antenna unit and of the secpnd planar array antenna unit
that are comon in structure reference Il be made in the following to a
"planar array antenna unit" that will be used as a .generic termfor both

he 5 fi | 3 i d th d pl '
antenna uni nembers Sed it Safd B Blray Y Said SecBRE Pied R alenfY, oo
feed array, Jxﬂ?%{)@%ﬁ’ou ed intd' 2UpS ?&&ﬂ@uwrhlysbﬁaﬁ?gdeatﬂ ihhﬂﬁéﬁﬁﬁéé Bfi on of
0 ma%t [ r both t

the following e - as generic terns e first and

second pl anadounteraglcukiviss asequense first, second, third landadoortbasabamkyh a

first aspect of the invention, the planar array 10 antenna unit conprises

a first di elraembers; siaghanemberofa giengpehsubasraydeing coordinatpd viHeontiavi ng a
hes, said firs i

lurality of patc | anar ar,ray o at ches and . said
Peod ar riy  TBERYeH: Ok Bivcan pard FRBHTaY,ahe SrctsaRad (PAICRNIRI RAVER pl at o
with each feed of | Ik ' I l.cal l oupl ed t

respective C%"_f&“&ﬁ%‘ gﬂ’%ﬁg}ﬁie’@ &&géﬁraghgsﬁé’; wétg’i, aes¥F§tSf008| %ﬂggnﬁ?\’%y of
pat ches and C;ﬁébéhiﬁ? subdfray erAbe) CEREH Bl MRRHRES 8 1IRANedon8 Feed af18y of said
first dielectric plate. - This defines a first or second planar®array

ant enna uni tis\inkiedebecsuitabld tlectronics sfsteneas kydwn pepkedomtainihg a1 phase
| f desired the planar array antenna unit further conprises a second

di el ectric ol dayice. By SHilablyaatdinsting the phassgamesd dexigentheacwremtal ity of
20 P oSy o M e A oP Lk § PRt B9%hie e
delayed by 0°, 90°, 180°'._ and 270° in a clockwise (or -optionally counter—
clockwise for replacing right hand by left hand circular polarization)
sequence. ) |
- Clearly, the first planar a_rray__-'-jantcnna unit and the second planar

15 afray antenna unit can be designed to .ope'rat'e' either both in the circular
polarization mode, or one in the circular polarization mode and the other in
the linear polarization mode. o

. The patchcs of .thé first planar array antenna unit may be of any
suitable shape such as circular, polygonal or square, and the like.

20 In accordance with the present invention, said patches of said first
planar array antenna unit are frequcnéy selective 'surfaces- comprising a
periodic arrangement of apertures in each patch. Optionélly, said patches
are frequency selective surfaces comprising a grid of conducting lines with
a uniform mesh.

25 Further in accordance with the present invention said ground
plane of said first planar array antenna unit is a frequency selective surface
comprising a periodic aﬁ‘angemcnt of apertures in the ground -plane.
Optionally, said ground plane is a frequency selective surface comprising

a grid of conducting lines:_ with a uniform mesh.



of said second dielectric plate, said rear face of said second dielectric

plate . aci the front face of said first dielectric pl h
pat ch of Sa}h&)sﬁ/{ﬂ@%l pl anar array of patches being subst?ﬁ'@l@?@&%

aligned with a respective one pat ch Bt -sai d patches of said second
pl anar array of patches. This defines 25 a double stack first or second
pl anar array antenna unit with electricall coupl ed pat ches.

I n accordance with a sdhenphtebeseof the sedmc{'plwar japtay antenpd anifrmay be ofir r ay
antenna unit conprigses first and second dielectric plates and first

pl anar array ofinhaudels shape sueh aseirgplap-polygona) QSfSQBa{‘-‘@ﬁBS t%ﬁks- dihgsesed
on WO 98/01921 . . .. .

PCT/ | L96/ 00037'S N0 Necessity, that the shape of the, pptehes of the, sgeonq plapar, array
said feed arra hi | e of : , L f 1St

di el ectric pl a%{l(]atle&mhfl ﬁmgl'a@ﬁﬁ?ggwé) ngctstii'}iecfl l?gggﬁg? éx%?ealﬁémﬁﬁ:ﬂ%

el ectromaggeti cal |y colplesirddo saidr gropadiplae omxelcf&tscFlamhr afriagl apedrifaasnit

of said first planar array of patches, said ground plane being di sposed on
5 said rear tacbealesigned asex frequeney sclective sirfaes byrforming in étnapertures of
sai d second dielectric plate faci ngét he rear face of said first

di el ectric facthal Tgtsh in shapethe,patches pf dhe spcondRlananamsgy antenpaynitt Ehna

unit with el eCLiQmRAE x'v?t%l'ékixs:-fembodiment each one aperture in the ground plane is

located opposite-one patch of the second planar array antenna unit.

10 A plamif antenna assembly according to the invention and each
of its planar array_ -z_m_tenna'units is designed for operation in both transmit-
ting and receiving_fm_odes. During the transmitting mode, the electronics
system associ'a-te"d.' ‘with a transmitting antenna unit feeds each of the
members of the feed array thereof With time-varying electric power whereby

15  the antenna unit is excited for radiating a beam into the surrounding atmo-
spherc. During ‘the recciving mode external electromagnetic radiation
incident on -the'pl'a:'r_l_ar array antenna units from the surrounding atmosphere
excites the patch‘éé &hereby an ouiput signal is produced at the feeds. Each
feed is cquippe':d'__f-w,i_t_h a feed line __. terminal to which feed lines can be

20 connected for li__n'kéng the feeds to suitable electronics syStems containing
phase control devices. |

It should be noted that, the first and second antenna units operate
completely indepé‘_ﬁd__e’ht of each other. Consequently, either of them may be
transmitting or re;:'eiﬁng while the other one is at rest. Likewise, while the

25  first antenna unit transmits the second one may be receiving, and vice versa.

In oné__:__'fexp_bodiment of the invention said low frequency band at
which the first ani_enna unit operates is the L-band and said high frequency

band at which the second antenna unit operates is the K -band.

SUBSTITUTE SHEET (RULE 26)



coupl ed patches. In accordance with a third aspect of the
I nvention,_the Ianar 10 array antenna unit conprises first and second
di el ectri cWR%BORIand a first pl anar array of patches RaV/k§/04037
plurality of patches, said first planar bfray of patches being

di sposed on the front face of said first dielectric plate, said

ground pl ane being disposed on the rear face of said first dielectric

pl ate, sai d gr Qroferablgne plemar n@itennl assémbly actordify to!tiRSinvetiofir ont
face of said 15 second dielectric plate facing the rear face of said

first diel ectisimounted within a suitaide dcasingi ofirweatheriresjstant poatetiabn $2id rear

face of said second diel CtI’IC gk with each L}bg af said feed
array being EPSRERIRISY ec%lpﬁ/ %P@@af gnignna assembly byt (0gs RALCN¥Ersai d
patches of sg{ dﬁr{gﬁfﬁ pl anar array of patches via a respective one of
sai d apertur g 4 ground pl ane, said apertures being 20 resonant to

frequencigs W thin timeRREKIP hE‘ﬂkfxﬁ@%ﬁéﬁd&eﬂ%@]éﬁuéﬁﬁg&tﬁrﬁﬂmmn witRl ray
antenna unit. Werein said Operating frequency band is said | ow

(hi gh) frequdregneheied withinhbothl saidfirst ang secomh fizquency bandsyiid thoumsted
(second) PI anar array antenna,unit. This defines a first. or second
pl anar arr ay on the figshplanar apiernauni %Qaé$ tecevenths @'@nbzﬁﬂ%ﬁ@fe% The

If d dth t di

second or t naemB gL brplc TR et 1%8%‘)%{5%'6?1 SxghblY Lo 2ovrreq

i el [ I f
dijel ect i o Plebinffindad SARR"CuBhANSurfiehays SheRUChEs, oyl e el 1Y ©

pat ches, sai pl anar array o patc Bei ng |spos’e ont
face 10 ofsafidstdrhky salt dﬁaﬁ&r@etdl c plate, sa| d rear. face of said third

dielectric plate :
Quite ge_ner-ally, the dielectric plates of the planar antenna
- assembly can be constructed from a plurality of dielectric plates of differing. :
electric properties. However, it should be noted that a dielectric plate which
does bear on either of its faces any structure (i.c., patches, feeds or a ground ',
15 plane) and serves mcrely 10 scparate between different laycrs in the planar
antenna assembly of‘th_e invention can be replaced by an air gap, provided .

some form of support 1s applied to the edges of the separated layers in order

* to maintain their separation.

20 BRIEF DESCRIPTION OF THE DRAWINGS
For a better_fpnderstanc_iing, the invention will now be described,
by way of example oxi]___y, with reference to the-accompany'ing drawings in
which: |
Fig. 1 shows a'schematic exploded side view of the planar antenna
25 assembly of the invention and an external source of electromagnetic
radiation;
Fig. 2 shows a side elevation view of part of a first embodiment of a

first planar array antenna unit;
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-O-
the front 'f Y¥R@PIRYi d first dielectric plate .and each patch ofCHHI§/00037

second pl anar array of patches being substgntially aligned with a
respective one of said patches of said first planar array of patches.
This defines a doubl e stack first or second planar array antenna unit

Wi th, in accordancqig53 shbivsh $ie cioeAivh aRReel aQfart BE ai fivée Bhibdiment of
el ectromagnetically Coupl ed patches or, in accordance with the third

aspect of the arsecond planaaperdyusstcans pniy pat ches.
I n accordance with a fourth aspect of the invention, the first pl_ anar
array antenna unit Fignfhshews # sidetelerationerisiviofiiacpast of pdfirst gmbhodiment of o

first planar arrgy of patches havin plurality of patches, said planar
array of 2 ?We%‘ﬁﬁﬁﬂﬁﬁsﬁﬁngﬂbfs‘%d&&rﬂﬂtvﬁ@‘?‘?bnt face of said first

di el ectric gl ate, | d [ I | | on bk f.ace
of “sai d f1 7t at el $38r5 shovaadieh View it IR B8 afgd ARG ik My isFRd i
spaced from sai cond dielectric plate so as to forman antenna -
chanber, said d ’array being di sposed on the rear .15 face of said

second dielectric mig.tésm'nbbaqﬂ@ﬂﬂvi@ﬂfd)fohe?lﬁ'rﬂrfamsl antdrma Wit fidustrated in
electrically coupled to a respective one of said patches of said first

pl anar aFigy3;0f patches by a plurality of feed probes and said second
pl anar array ant enpa uni t, being | pocated within said antenna chanber.
This defines a fird#g 7showsiaplan viewgf enn emhadiment ofi 2 FregHeley selgctive

pat ches. t” desired the first planar array antenna unit
accor di ng ; gEound plane of a first planar array anténna unit;

Fig. 8 shows a plan view of another embodiment of a frequency
selective ground plane of a first planar array antenna unit
| Fig. 9 shows a side elevation view of an antenna unit of a first planar "
array antenna unit with electrically (or directly) coupled patches;
| 15 Fig. 10 shows a side elevation view of an antenna unit of a second
planar array antenna unit with electrically (or directly) coupled patches;
Fig. 11 Shows a side elevation view of an antenna unit with a double
stack electrically cdupled patch;’ '
Fig. 12 shows a side elevation view of an antenna unit with an
20  electromagnetically coupled patch; | -
Fig. 13 shows a side elevation view of an antenna unit with a double
stack electromagnetically coupled patch;
Fig. 14 shows a side elevation view of an antenna unit with an aperture
coupled patch, part of the antenna unit being cut away to show an aperture
25  in the ground plane;
Fig. 15 shows a side elevation view of an antenna unit with a double
stack aperture coupled patch, part of the antenna unit being cut away to

show an aperture in the ground plane;



fourth aspect of the invention further conprises a third dielectric plate
and a second planar array of patches having a plurality of patch
sai d secoN¥P 9801921 p| anar array of patches being di sposed onﬁ/

of said third dielectric plate, saipg rear face of said third
dielectric plate facing the front 25 face of said first dielectric plate
and each patch of said second planar array of patches being

substantial ly al iggge ga Fa SEABFEHC E08P LR AIBvARME Uiy of part BF aSai d

first planar array-o S |nes a stac probe

pl anar array g?dﬁa‘?rhiﬂem bsé@kﬁtﬂypd@hﬁ: frRénBiohORRE a first plaN¥? %A)Ohﬂi’ékma
PCT/ 1 L96/ 00037 : - 10 -

I n accor dancenit hdvihp probe fahpaichesypart of the agictdy beingautaway to sbewnbl y
can be constructed fromall the conbinations of the first planar array
ant enna uni t adiesdpateintermiapl aad holes fox arutactiessepassagapt feed) lequ%

That 1o Sne pl alie- I aime adeBhpryic nPIBued i Do ki Bt part BE " °
(1a) a first p%r?d}a{xtt%%?és%maf YL Gn rh}r{eluﬁ&t bl Sl sERRPHAY Jﬂgﬁzﬁhes

any of: st ack pl'anar array antenna unit w-th
el ectrical |y array antenna unit having probe fed patches;

7t ace'

Fig. 18 shows a plan view of a 2 x 2 subarray of a planar array
antenna unit, with electrically (diret:t) coupled patches, for a plane
10  polarization mode of operation; '
Fig 19 shows a plan view of a 2 x 2 subarray of a planar array
antenna unit, with- electrically (dlrect) coupled patches, for a circular
" polarization mode of operation;
Fig. 20 shows a plan view of a 2 x 2 subarray of a planar array,n'
15  antenna unit, with electromagnetically coupled patches, for a plane .ﬁ-
polarization mode of operation; |
Fig. 21 shows a plan view of a 2 x 2 subarray of a planar array
antenna unit, with e]edtromagnetically coupled patches, for a circular
polarization mode of operation; - | |
20 Fig. 22 shows a plan view of a 2 x 2 subarray of a planar array
antenna unit, with aperture—coupled patches, for a plane polarization mode
of operation;
Fig. 23 shows a plan view of a 2 x 2 subarray of a planar array
antenna unit, with aperture—coupled patches, for a circular polarizatidn mode
25  of operation;
Fig. 24 shows a plan view of a 2 x 2 subarray of a planar array
antenna unit, with probe fed patches, for a plane polarization mode of

operation; and



coupl ed patches, 10 (3a) a first planar array antenna unit with

el ectromagnetical |y coupl ed pat ches, : (4a) a doubl e stack
first plana ﬁéllant enna unit wth el ectromag- neti caff ?ﬂ?ﬁ?@d
pat ches, (5a) a first planar -ag7ay antenna unit with aperture
coupl ed patches, 15 (6a) a double stack first planar array antenna
unit with aperture coupled : pat ches, (7a) a first planar

‘array antenna uni tFig,t 5 nhebe eslapaviedess 212 x 2 subarray dﬁ@)p]ﬁnﬁ'ﬁ!ﬂﬁ'ag
stack first planar- array antenna unit with probe fe pat ches

- taken toget herantesa anjt, obith probe fed pathids) fér ae@crm]ar pbhinizatien raydenifenna
uni-t- with electrically coupled: pat ches, (2b) a doubl e
stack second mmiaﬁio%brray antenna unit with electricall y coupl ed

pat ches, 25 (3b) a second planar array antenna unit with

el ectromagnetically coupl ed patches, (4b) a doubl e stack

second pl agar PRSHR m\aw FPI@'EMEO'W netically coupl ed

pat ches, a secon anar array anpenna unit with aperture
coupl ed patches, Attention is first drawn to Fig. 1 showing a schematic exploded

side view of the planar antenna assembly 1 of the invention, which

comprises three parts, a first planar array antenna unit 2, a dielectric plate 4

and a second planar array antenna unit 6. Also shown is an external source

10 8of electromagné_}_i_é radiation 10. The "front face" and the "rear face" of

any part of the p}a;ni}a;r antenna assembly, and of the planar antenna assembly

itself, are defined relative to the external source 8. Hence, the front face 12

of the first planar ;_':'a_r_'ray antenna unit 2 is that face orientated in the direction

' of the external sotrce 8, whereas its rear face 13 is orientated in the opposite |

15  direction. Clearly:fithen, électromagnetic radiation 10 incident on the first

planar array antenna unit 2 from the external source 8 will be incident on

the front face 12 and after passing through the first planar array antenna unit

2 it will exit from':'_i_ts rear face 13. Similarly, the dielectric plate has a front

face 14 and a reaj"facc 15 and the seéond planar array antenna unit 6 has a

20-  front face 16 and"'a" rear face 17. In accordance with this terminology the
planar antenna assembly 1 has a front face 12 and a rear face 17.

The 'fir-s't: planar array antenna unit 2 is designed to operate in a

low frequency baﬁd and the second planar arraf antenna unit 6 is designed

to operate in a hxgh frequency band. The two planar array antenna units 2

25 and6 are arrange"c__i"in a layered formation with the first planar array antenna

unit 2 being beMéCn the second planar array antenna unit 6 and the external

source 8. The diejectric plate 4 which serves to separate between the first

and second pIaiijg_‘r arréy antenna units can be 'rcplaccd by an air gap

provided some form of support is applied to keep the construction of the
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(6b) a do%gﬁ%@%k second planar array antenna unit wth aRR¢VHPE00037
coupl ed patches; The firgpg —and second planar array antenna -
units can be desi gned for the reception and transm ssion of linearly

or circularly polarized 5 el ectromagnetic radiation.

When the fir plamiratdénitd bedénstllyen Mtabi %lth’imgﬁ_sthggﬁgt &Wnaf' rﬂierax antenna
reception and transm ssjon of Circularly poladrized electromagnetic
radiation  unit 2tis positiwnadtbetineed the sémmd planar antennasanid 6tandabé Oge
array of patches of said first plapnar array antenna unit 10 IS groupe

i nt oy2 x 2 p&kteinal,seyrcs & theaseeands plamar griay ctkeRnscuBit & dsinot prevented

Feeds of “sai dBairasPiRl sREGEMrenelic: fafilion Sith oSGutcieRe itnhe. wgh
' 2, 1, , 0 Se; or
dounter - o) oo Eiodesicy band sife s 538 i M B i s eSHBRD Blbey o

menbers; eactramspirent o6 fidquendiesiin ahe el freqhendalakei ng coordi nated with
one nenber of a given patc subar?gyl?qt he y?eeds and patches in a

gi ven coordi nat ed suMh@gglbéhngbasicacenstructionf apd QGmehghnr eﬁb pthet dtxfal ?h

iall di b nber. .Each_ of | t he nenbers o e
First fead afiEayency planalnns sPma Q%F%mvueamwaspfﬁr@nlcljustrated o
Kk AT : ral._..devi By, SUL{ a adj ust.i t he
phase cont r ol iy, BpstnE TR M (BLeiORY Hoqeinf ihSfatiel SR each
2 x 2 faéd sefasligbeenimdiR fop g€ antehay %Beﬁl’ing’in rankAflifily rlno@@‘i:ﬁimglébn a

cl ockwi se (or optionally counter-clockw se for replacingTright han y left
external source 8 replaced by an external receiver.

- Various embodiments for the two planar array antenna units 2
and 6 will now be described and the construction of the planar antenna
assembly of the invention from them- will be illustrated. In the Figures

15 illustrating these embodiments dielectric plates, ground planes, patchés, feeds
and apcriures are all shown with exaggerated diménsions for illustrative
purposes only. The patches and feeds are shown with different heights in
order to differentiate bétWeen them, however in practice they are actually -
printed or etched on the dielectric plates and are of the same height.

20 .Attention is first drawn to Fig. 2 showing a side elevation view
of part of a first planar array antenna unit 20 in accordance with a first
embodiment. The patches 21 and the feeds 22, which are electrically (or
directly) coupled to each other, are disposed on the front face of the
dielectric plate 24. Each patch is designed to be resonant to frequencies in

25  the low frequency band and transparent to frequencies in the high frequency
band. Each feed 22 is equipped with a feed line terminal 23 to which feed
lines can be connected for linking the feeds to suitable electronics systems
containing phase control devices. The ground plane 25 is disposed on the

rear face of the dielectric plate 24 and is designed to be frequency selective,



hand circul ar

pl anar array _a
tranSnissioﬁV%
characteri zed

sai d second pl
subarrays havi
first, second,
PCT/ 1 L96/ 00037

menbers; said firdhis high fmiqueficebandr ay of said second planar array antenna

unit are group

pol ari zati on) sequence. When the second
ntenna unit is designed for the 25 reception and

PRE | ar | y pol ari zed el ectronmagnetic radiation
in that: said at- f@ast one array of patches of
anar array antenna unit is grouped into 2 x 2 patch
ng each in cl ockw se or - count er-cl ockwi se sequence

réfleétih@fidqhéntiédinat836Wdrequency bandend %‘a(ﬂ%lgﬁtling frequencies

ed into 2_x 2 feed subarrays ,having each in ¢l ockw se or

count er - cl ockwi se sequdiBe3rshogts a sidc plevatian dewnel # fart AL auisgerd planar

menbers; each

menber of a gi
coor di nat ed; su
precedi ng suba
is linked to a
phase con
the currents

10

TEY A in € piln 0 3h SERaRIERRE VAl A G SRRt o Ty el
Bar hRd e feds 3R QMhidlY A€ %Eﬁicraﬁ?péﬂﬁepﬁeﬁ ® %sgvedghéﬁl aré
t second fee

rray menber. Each of the nmenbers o array
disposedon eHeefonofacs of tht afiekRetric @idte (34. SEheCpatches 310are

trol device. By suitably adjusting the phase control device

designed to be resonant to frequencies in the second frequency band. Each
feed 32 is equipped with a feed line terminal 33 to which feed lines can be
connected for linking the feeds to suitable electronics systems containing
phase control devices. The ground plane 33 is disposed on the rear face of
the dielectric plate 34. -Although the planar array antenna units 20 and 30
are similar in structure there are a number of basic differences between

them. First and foremost, the patches 31 and the ground plane 33 are

" simply conducting surfaces, as compared to the patches 21 and ground plane

15

25 which are frequency selective. Furthernﬁore, the dimensions of the

patches 21 and 31 will in general be different. Since the palches 21 operate

- in a Jow frequency band and the patches 31 in 2 high frequency band, then

20

25

the patches 31 will be smaller than the paiches 21. Hence, for a given
planar array antenna unit gain,'therc will be more patches 31 than patches
21. Furthermore, the height and properties of the dielectric plate 24 are not
necessarily the same as those of the dielectric plate 34.

{ Fig. 4 shows a side elevation view of a part of the planar antenna
assembly of the invention in accordance with a first embodiment. This
embodiment comprises a first planar array antenna unit in accordance with
Fig. 2 and a second planar array antenna unit in accordance with Fig. 3. A
dielectric plate 38 separates between the two planar array antenna units.

Attention is now drawn to Figs. 5 and 6 showing plan views of
the planar array antenna units 20 and 30, respectively. The patches 21 are

frequency selective surfaces, designed to be transparent to frequencies in the

PCT/IL96/0P(B37 i s
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10 flowing in the individual nenbers of each 2 x 2 feed jsubaEray can be
phase ayed by 0, 90, 180[err] and 270 in a cl ockwi se (or
ORI

optionall cl ockwi se for replacing right handPG}IL6OPOITand
circular polarization) sequence. — 2() - Clearly, the first
planar array antenna unit and the second planar 15 array antenna unit can
be designed to operate either both in the circular . polarlzibloglnnde,_
or one in thaighr 0 ' [ . - se. I near
pol ari zat i on%r%%e@ki@hc? baid w_ aﬂ?Tﬁgqgg%‘gﬂg‘ee{‘ﬁgh? % :}Jset' fo angr qgr ray

ant enna uni t pasycular ilfustration shownsini Figb5ehs pagrhes 2t Ar@sondudtitigagurfazekygonal
or square, and the |jke. 20 I n accordance with the present

i nvention, saYith ppesiodic arrangement efapertures 26 iamchepa:idy ‘Hhe alhimenstons ?r e
' i S| [ [ rrangenent o
bperturcy | ook the baichin 2l R et [sba?hgﬁa\%hsmami’sgﬁz:u% to figauencisia by
! A . S hlt -7
ori for m Saah OB SFeqUeRER Hahi" S Bo dhbtlrare SBE TS £atonB Bl hdlr fecd Jipé

i nvention saitetngingls®3. As shoWwinhe Feed Y aré efdctitAnA o@ﬂfré&’tl@?éﬁ%@d“m t

I's a frequency sel ective surface conprising a‘periodic enent of
apertures inteHbegpatohes Blandhe patche©R1 ofiahtysecond dplanauasray! amenna a
IM.r teﬂugnﬁ%i fS g:uﬁftt . %;-es gé;fgcctecocn%qx%{(;ri,l &?th their di%e%;ilo?lsoc]choggril gﬂgﬁ It}?:?t tlhle}rr]es
are resonant to frequencies in the high frequency band. Also shown are the
10 feeds 32 along with their feed line terminals 33. Again the feeds 32 are
electrically coupled to the patches 31. |
Fig.I 7 shows a plan view of the frequency selective ground
plane 25 in accordance with one embodiment. The apertures 27 in the
ground plane 25 are periodically arranged and are designed such that the
15  ground plane 25 is reflective to frequencies in the low frequency band and
transparent to frequencies in the high frequency band. The patches 21 and
the ground plane 25 are illustrated in Figs. 5 and 7 as having identical
apertures 26 and 27, respectively, with identical spacings between the
apertures. Ho_wcver, it is pointed out t_hat this need not be the case, and
20  although circular apertures can be used they are to be understood as
representative of any appropriate shaped aperture. Typical examples of
acceptable shapes for apertures, as known in the art, are: a rectangular slot,
a cross, a Jerusalem cross, a disk and an-annular ring.
The actual dimensions of the patches in Figs. 5 and 6 will depend
25 on the choice of the frequency bands required for a given application and
therefore the patches 21 may, in some applications be very much larger than
the patches 31. In such applications, the frequency selective ground

plane 25 can take on another form as shown in Fig. 8. In accordance with

this embodiment the apertures 28 in the ground plane 25 can be, but are not
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The batchés"ﬁ?”’ﬂ’@z%econd pl anar array antenna unit may be of PCTIH"G’W"
sui t abl e shape such as circul ar, polygonal2pr square, and the |like. There
I's no necessity that the shape of the patches of the second planar array
antenna unit match those of the first planar array antenna unit. 5

| f desired, sampdcedsatily tHers@mefsHdpe hsrht pitahes 3ar and cadhemperturei L8 is

can be designed as a frequency selective surface by formng in it apertures
that match in shbstentibldy patatigament witk assiogledpatichi@dr array antenna unit. In
accordance with this enpbodi nent each one aperture_in the ground plane. is

| ocat ed opposite one pa%c!’:\‘@?ﬂtﬂe"@é&@ﬁﬂ’%ﬁ@ﬁ&?s ok theyanipra Assembly ofiihe

A pl anar antenna assenblyy accordi ng.,t he i.nvention. and e of its
ol Bnar ar ray. antwspn il s8R AeRiet b yatifls SneatisAt SEife planaraftay
ting and regei 4} goﬁlﬁ : Lt {4 '
system asg;)ci \g%le nWit §$ei %ﬁ@%%ﬁ%{ﬁ%?&n?aﬂgpt etegisi}gagfﬁ %? E!éﬁ\%
mermber s of t he uh#te?,askicvn tiheFigoR2, wahhbé ispecifiedyby the " fiestr amtemoavainitM 2 eby

15 the antenna unit is excited for radiating a beaminto the surroundi ng
atmo- spishown in¥igi Agcomprisinged paiah Zhdeed 2Ravithitcrninel 23ndiplestric
Curr oundi ng at BUALBIAR 8nd giound oSS, s Anecaie WRE s Btelreco BrATSEAA
3, broduced ool BCAPeiERY (or GRES| B BURS, “THU ol BB bR o
U A I SAER BYR A g 7 a9 chusbie s o
antenna unit 20’ by forming a planar periodic arrangement of first antenna
units 20°. In a__-'_ISi'mi_lar manner, the second planar array antenna unit 30,
shown in Fig. 3; cﬁm be specified by the "second antenna unit" 30’ shown
in Fig. 10. _Th’créforé, instead of describing different -embodiments for
15 planar array ant_éh'r;a units, diff_eren_t embodiments for antenna units will be
described, it being understood that these antenna units are basic building
blocks from which the corresponding planar array antenna units can be
constructed. Furth'_érmbrc, by comparing Figs. 9 and 10 it is evident that one
of the Figures.w.c;uld suffice to describc both antenna units, whercin the
20  patch and the 'gn_')un_d plane would -be frequency selective for the first
antenna unit and p’érféctly conducting in the case of the second antenna unit.
Bearing this in__m‘__ijld,' only one generic antenna unit will be illustrated in the
following description.
Attgntién is now drawn to Fig. 11 showing a double stack antenna
25  unit with an clebgriCally coupled patch 40 which is constructed from an
electrically cqqﬁléd antenna unit comprising a patch 41, feed 42 and feed
line terminal 43‘, _disposed on the front face of a dielectric plate 44 and a
ground plane 45 -fdisposed on its rear face and a further dielectric plate 46

adjacent to the front face of the dielectric plate 44. The dielectric plate 46



conpl etely i ndependent of each other. Consequently, either of them may be
transmtting or receiving while the other one is at rest. Likew se, while
the 25 fWPSBOMRlenna unit transmits the second one nay be PETELRHUMP7 and

vi ce versa. I n one enbg4li_ment of the invention said | ow
frequency band at which the first @ntenna unit operates is the L-band
and said high frequency band at which the second antenna unit

gg_er/r ?}_82 / Iogogl,grsl%g ri@ frggp ?aca a patch 4\90311%5/!%][%11)' aligned yjth the patch 41.

Pr ef bl [ ' il ' '
mounted w tnor e e SERLBRRSS T ko Rl RSl LA bR, The °

casing prot epiésenbe of paehof7 sbeve! RN ifcreaieetizabasdeidoh \ofbihe cleesically cover
its front face. 5 . Preferably, a radone transparent to
el ect r omagnecoupleddantenna vait.h It shotldebeenotedsthat tshicampdetelys giquivalertt and

26 10 covr SHUCTMTEIFAM be SRR byrdepasiting the paledh/bl oRracl #4d FEA B the
L P! e ARGTE BT RETON R B b gy s Bl o
face of dielectric plate 44. This comment should be taken as a general
comment for all embodiments in which a patch or feed is said to be
disposed on the front or rear face of two adjacent dielectric plates. That is,
10  the patch or feed could just as well be disposed on the adjacent face of the
other dielectric plate. o
Fig. 12 shows an antenna unit in.which the patch 51 and the
feed 52 are electromagnetically coupled. The patch 51 and feed 52 along
with its feed line terfniqal 53 are disposed on opposite sides of the dielectric
15 plate 54. The front face of a s-econd. dielectric plate 56 is adjacent to the
rear face of the diel-ec_ﬁ_r,ic plate 54, and a ground plane 55 is disposed on the
rear face of the dielectric plate 56. A doﬁble stack electromagnetically
coupled antenna unit 60 is shown in Fig. 13, and is obtained from the
antenna unit with an electromagnetically coupléd patch 50 by depositing a
20  dielectric plate 57, bearing a patch 58 on its front face, on the front face of
the dielectric plate 54. Thc patches 51 and 58 are substantially aligned with
each other. _ | |
Fig. 14 shows an antenna unit 70 with an aperture-coupled patch.
The antenna unit cor_ripriscs a patch 71, a feed 72 with feed line terminal 73,
25  two dielectric plates 74, 75 and a ground plane 76 having an aperture 77.
The patch 71 and ground plane 76 are disposed on opposite sides of the
dielectric plate 74 and the feed 72 is disposed on the rear face of the
dielectric plate 75. The patch 71 and feed 72 are electromagnetically

coupled via the aperture 77 in the ground plane 76. A double stack antenna



10 sandstorns, salt water, etc. Quite generally, the
dielectric, plat % of the planar antenna assenbly can be constructed
froma pl uraYVH%? 421gi el ectric plates of differing el ect r PET/IL96/00037
properties. However, it should be noted th3 -a dielectric plate which
-does bear on either of its faces any structure (i.e., patches, feeds or a
ground. 15 pl ane) and serves nerely to separate between different |ayers

in the planar unit agertwrsreowsied patch 80 is dhvmireRig. 05, ardisisbtaimedafeest thy an
air gap, provided sone form of support is apsl ied to the edggs of the
separ at ed | ayeradténnaouuniéwith an-apertiiencespicd paitech JOy depasiting dichritee

Fventon i 1 Btk 96 BeSoRs gogatch 79 onis, i thencopbe gt T g e 1
' [ . i i i . . . : 1
Chove 5 schomaCECEAR BB 7274308, bdi¥ed Phang Z240% Slbsianials atisnel Fith) o1

the inventigpn %ﬁglé%ﬂh xt ernal “source of el ectromagnetic radi ati on;
Fig. 2 shows a side elevation view of part of a first enbodi ment of a

first planar array ant eisidescribed above, planar array antenna units can be constructed
from the above illustrated antenna units by forming a planar periodic
arrahgemcnt of the antenna units. From the so constructed planar array
antenna units planar antenna assemblies can be constructed using the
10  modular approach __illu_strated in Fig. 1. The first planar antenna unit 2 can
be constructed from any of the antenna units 20’, 40, 50, 60, 70 and 80
(where the patche__:g.», and ground plané;s are frequency selective surfaces as
described above){é_‘nd similarly the second ‘planar antenna unit 6 can be
constructed from' _anj of the antenna units 30, 40, 50, 60, 70'anc'l_80 (where
15  the patches and érbﬁnd planes are perfect conductors).

In all the planar antenna assemblies described above either the
feeds are in the same plane as the patches and electrically coupled to them
or they are in ai'different plane and electfomagnetically coupled to them.
Fig. 16 shows a sfci_her_natic exploded side view of part of a planar antenna

20  assembly 90 in whxch :the patches 91 of the first planar array antenna unit
are in a different plane from that of their feeds 92. The feeds 92 are

* equipped with t_vyd tefminals, feed line terminals 93 to which feed lines can

be connected for ﬁnki_ng the feeds to suitable electronics systems containing
phase control devices and feed probe terminals 94; to which feed probes 95

25  are connected. E_iéétfical connection between the feeds 92 and the patches
91 is made vxathe feed probes 95, connected at one end to the feed probe
terminals 94’ and_.'at it_ihe other end to the patch probe terminals 94”. Each

patch 91 is eqﬁipi)bd \'with one patch probe terminal 94”. The patches 91 of

the first planar array antenna unit are disposed on the front face of the
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Fig. 3 shoW®9%M039%e el evation view of a part of a fi rst enboBEHEEI0pT

a second planar array antenna unit; - 24 - Fig. 4 shows a side
el evation view of a part of a first embodiment of a planar antenna
assenbly of the invention; Fig. 5 shows a plan view of the pl anar

array ant ennac%:ﬁfé'c{rlxé hiaﬂé t%aa{rﬁfjtﬂ round p lghg 9’(| us{‘e first planar dirdy a Ete?lﬁﬁws a

pl an vi ew of ar array a nna rat

Fig. 7 shows moisaa:spbsw oh m@eezﬁrmélufané d@é}earfcrmﬁwew@ymelﬁeas 92 of0
ground plane of a first planar array antenna unit; 8 shows

aI pl an }u ewf dhe first planap atraiantennaoBnit are disposes/on the reasdaesof dﬁ%?gqtmnd .

Bl evat o' vi dilatsr S8n isiciivia piaies Sy ond S &f thg i planac axtly anighig vufn
i i | F

Shovs & < e*‘éﬂéw%ﬁ tetfL Hanteh Vit i EbeBobRNES ara aptenna otk géar

array ant e””%Eﬁ‘ﬂeH Withi ﬁie%ftéﬁxfaaéﬂa)fnléé}f Theé gt‘édnld) IWW%@th@??ﬁn@r

Fig. 11 shows a side elevation view of an antenna unlt with a
stack el ectriarpdy antmnahmﬁk pfitedd with holes 102 for ghe déntabidess passdgecofethevat i on

view of an antenna unit_w_th an 20 el ectromagnetical ly coupl ed patch;
Fig. 13 showsfead girgbese92y &or dhe wleq/\pf)ill%rwetgﬁéemm;) phargay| enisnaa
unit 99 has been chosen to be the second planar array antenna unit shown
10  in Fig.3, however, cah just as well be any of the planar array antenna units
that can be formed .frdm the antenna units 40, 50, 60, 70 and 80. The holes
104 and 105 in the patches and ground plane, respectively, of the second
planar array ante'nna": unit 99, are for the contactless passage ‘of the feed -
probes through them. o
15 The embodiment of the antenna assembly of the invention, thh
a first planar array "a"n'_tenna unit having probe fed patches, as shown in Fig. -
16, can be extended._fo an antenna assémbly with a double stack probe feed
first planar antenna'_unit, by depositing on the front face of the planar
antenna assembly 90_ a dielectric plate bearing patches on its front face. Fig.
20 17 shows a schematic exploded side view of part of a planaf antenna
assembly 100 with a:double stack first planar array antenna unit with probe
fed patches. A dielectric plate 110, bearing on its front face patches 112 is
disposed on the front face 114 of the planar antenna assembly 90, having a
probe fed first planar antenna array antenna unit. The patches 112 and 91,
25  of the planar antenna assembly 90 (shown in Fig. 16), are substantially
aligned with each other.
The firs-t'ah'd second planar array antenna units comprising the

planar antenna assgdibly of the invention can function either in a plane or

circular polarization mode of opcration. The plan views of the planar array



stack el ectromagnetically coupl ed patch; Fig. 14 shows a side

el evation view of an antenna unit with an aperture coupl ed patch
part” of theWAh&MHAZ unit being cut away to show an aperture 2?“’&136’9‘}‘?@7

Fig. 15 shows a-spsle el evation view of an antenna

ground pl ane;

unit with a doubl e

unit being cut away to show an aperture in the ground pl ane;

98/ 01921
- 16 -
of part of a

stack aperture coupl ed patch, part of the antenna

WO

antenna unitsl_260 and 30 shown in Figs. 5 and 6, respectiveR5Tillsfa{e0R037

Fig. _
planep ipplarizatione rnade sef rdgeyatidn. t hSinaey dht | goometricah feature

pl anar array antenna uni t _havi ng probe fed E?}: ches, part of the

assenbl y bei ngdigiatingithe pelapgation modgof eperation @
contactl ess pass
expl oded side &

ePlANALAII3Y anicana anjts

havi ng.probe. 1t S D5 aHEEd By Blic iguit WHESE referenci6 WHALC PR,

patch ows a plan view

subarray of a plegfghcyseRitive or B6¢ SN avitktut refdrefcectetie freghency Band of)
coupl ed patches, for a plane :

10

15

20

25

operation. Furthermore, a2 x 2 subarray suffices to demonstrate the circular
polarization mode of operation and hence will also be used to demonstrate

the plane polarization mode of operation. Attention is drawn to Fig. 18

* showing a plan view of a 2 x 2 subarray of a planar array antenna unit, with

electrically (dhf_ect)_' coupled pat_ches, for a plane polarization mode of
operation (this is the generic figure for Figs. 5 and 6). The subarray 200

comprises patches 202, electrically connected to feeds 204, the feeds being

"equipped with feéd line terminals 206. The patches 202 and feeds 204 are

disposed on a dielectric plate 208.

Attention is now drawn 1o Fig.. 19 showing a plan view of a 2 x 2
subarray 220 of a planar array antenna unit,_With clectrically coupled
patches, for a Cii'¢j;lar polarization mode of operation. As shown, each patch
222 along with its: feed 224 is sequentially rotated by 90° in a clockwise

sense (or optionaily counter—-clockv;'isc_for replacing right hand by left hand

~ circular polarization). Sequential rotation of patches and feeds for a circular

polarization mo_de' of operation is known per se and is well documented in
the literature (see for example J. Huang (1986) and T. Teshirogi (1985)).
In the case of an electromagnetically coupled patch, as shown for
example in Flg 12, the patches and feeds are on opposite sides of a
dielectric plate ';;b'u“t'.thc principle is the same. Fig. 20 shows a plan view of
a2 x 2 subarray 240 of a planar array antenna unit, with electromagnetically
coupled patchcs,_.fér a plane polarization mode of operation. The patches

242 are disposédg-@n the front face of the diclectric plate 244, whereas the

f .feed. praqbes; i q. '
ks relanive osisRbttiam, pf th patches and g fe2d ety TIEE 1,09 o

shows a schemati C expl oded side el'evation view



10 pol ari zati on node of operation; Fig. 19 shows a plan view of
a 2 x.2 subarray of a planar array . antenna unit, with electrically
(direct) c¥O®BE2pat ches, for a circular pol ari zati on NREEIESHE00037
operati on; Fig. ‘20 shows a pl-apgwu ew of a 2 x 2 subarray of a

pl anar array 15 antenna unit, with el ectromagnetically coupl ed patches,
for a plane poI arl zation m)de of oper ati on; Fig. 21 shows a.

pl an view of i@eé’?? coup Wl tﬂél ?ﬁ'@’ierﬂhﬁﬁ% rc dnspé’é&jed}{‘ﬁs Welrlacai th

el ectromagneti ca ed- pat c or a ci rc arization node

of operation; Tlﬂi)feeds 246 arElcmawﬂBNBthashed ﬁhemtd/slgmi ?ﬂthﬂ tﬂey arfe fiobarthay of a
pl anar array antenna unit, wth aperture-coupled patches, for a plane

pol ari zat i on Sapeplane as Ybﬁlnﬁé et ] 24 : Fig. 23 shows a plan view
f 2 2 b r-arr . enpa unit,
gpe?t ur )é- coﬁgl iir Sgt géﬁgs A %1’06}’55 gl?@%ﬁd? woof ?‘% thpﬁ‘b 3%59}} a planar
i ong 2 f
operations  aptenna aur{ﬂ: ! %nhz%l?&i)&ﬁ?gn &El fcggppat %ﬁ?chés f&ulaar Fr%ﬁ}ea? a

pl anar array énna’ uni for

gng ﬂ :_S g} 583 é);mﬂlﬁzﬁion modg@@ﬁ@taneﬂ, Bitsh patch 262V@oﬂ§/v?ﬂl?§t%_feed 264 is
sequentially rotated by 90°. '

Attention is now drawn to Fig. 22 showing a plan view of a2 x 2
subarray 280 of a:planar"array antenna unit, with aperture—coupled patches,
10  for a plane polanzanon mode of operation. A side view of an antenna unit
for an aperture coupled patch is shown in Fig. 14. As can be seen from Fig.
14 there are two dxg_l_;cctn_c. plates involved and the patch, aperture and feed

are located in th';;e:_;t_a_'_" different blancs. In order to illustrate the relative .
position and orieni&iibn of the patch, aperture and feed relative 10 each other
15  the patches 282 a_;rc drawn with solid lines, the feeds 284 are drawn with
~ dashed lines and fhe apertures 286 are drawn with dotted lines, with the
understanding that they are located in three different planes, as mdxcated in
Fig. 14. Fig. 23 ‘shows a plan view of a 2 x 2 subarray 290 of a planar
antenna unit, with, aperture coupled patches, for a circular polarization mode
20  of operation. Eac"hl'p.atc}:l 292 along with its feed 294 is sequentially rotated
by 90°. The apertures 296 do not némsﬁﬁly undergo sequential rotation.
Attention js niow drawn to Fig. 24 showing a plan view of a 2 x 2
subarray 300 of the patches 91(a,b,c,d) disposed on the dielectric plate 97
of the first planarf- array antenna unit of planar antenna assembly 90 shown
25 in Fig. 16. Also shown isa plan view of the corresponding 2 x 2 subarray
310 of the feeds 92(a,b,c,d), of the probe fed patches 91(a,b,c,d), disposed
on the dielectric 9151}!_@3 99. The fecds have been drawn with dashed lines in
order to illustrate that th___ey are disposed on the rear face of the dielectric

plate 99. The feeds 92(a,b,c,d) are connected via feed probes 95 (shown in



Fig. 25 shows
antenna unit

operation: WO D PT| ON OF SPECI FI C EMBODI MENTS

Attention is f

a plan view of a 2 x 2 subarray of a planar array

with probe fed patches, for a circular polarization node of

irst dtawn to Fig. 1 show ag@Aa~-schemati c expl oded S

view of the planar antenna assenbly 1 of the invention, which
conprises three parts, a first planar array antenna unit 2, a dielectri

plate 4
external sourc

Bil a6pa60me £

e 10 "8 of electromagnetic radiation 10. The "front face

hrehas Fr(adycdNt ROAA theifbub . feddl SrodBOWIMiRalaN

PCT/IL96/00037

i de
C

and the "rear Péadeb,qf) to the comespanding foure pplchnprobentceminals S (abyc,dand

of the pl anar
external sourc
antenna unit 2
external sourc
15 direckion
first _ pl
i nci dent on

nt enng, assenbly
Big

e

itself, are defined relative to th
Justratesaa 4fmgem%teogmatches an }eegﬁ goxf a quncpl’%lﬁaﬂaar ray

.S that face otrient'atedinthe direction of the
tiog mogle. of QDETAUOR oo face 13 is orientated in the opposi

. Cearl iel : | Rl IAG
anar ar 1By AR I nB AR, S OB i R A 2 7

subartdye 300 @ftthe gractics 91, tid)rdippestdnen tite diedécttioeplate 87

pl anar array antenna unit 2 it wll exit fromits rear face 13.
Sinmilarly, theofithe Gestrplanan awray Ratennaf unihof planar srdemnal asssmbly Yeshownce

15 and the sec
a rear face 17

a 20 front face

ongd. pl r aroray antenna .unit has
i Tie LB aieclns polerraUOpanogc.of sasrating. In'the sypatay 300

antenna assenbjyy, éat@ﬁés d1a,' P dl%cat%%g}gﬁgfg% é’%ﬂ{ e{%ncgtgé? in that each of the

The first plan
frequency jpgand

ar array ant’enna “uni ned ( . .
piteHes Rerdigea deqleninllydin’ 2 XIcHkWASE Sentdiel hbSut £n R HIBen-

dicular to its center. This has the effect that the patches 91a, 91b, 91¢c and

91d differ from each other 'by the location of the patch probe terminals

- 94”(a,b,c,d) of the patches which are sequenced in a clockwise sense such

15

20

that each of the terminals 947a, 94”b, 94“c and 94*d is angularly displaced

te
t he
be

and

| ow

by 90° relative to the preceding one in the sequence as reflected in Fig. 24

by the patches' angular orientation with respect to each other including the
relative location of each patch probe terminal within the patch. The feed
prol;e terminals are not shown, but théfe arrangement is similar to that
shown in Fig. 24, except that they will be-slightly displaced so that each
feed probe terminal will be substantially aligned with its corresponding
angularly disp]aced-'feed. patch terminal. For the transmission of circularly
polarized electromz{gnetic radiation phase delays of 90°, 180° and 270° are
app]_ied to the currents flowing at feed probe terminals 94’b, 94'c and 94'd

relative to terminal 94’b, respectively.



to operate in a high frequency band. The two planar array antenna units 2
25 and 6 are arranged in a layered formation with the first planar array
antenna  WO9MP31 2 bei ng between the second planar array arRGIBA6/0H03T 6

and t he external source 8. The diehgctric pl at e 4-which-—-serves-to-.-
separate between the first and second pl anar array.ant AN uni ts can
be replaced by an air gap provi ded sonme form of su _ el to .
keep the con kah of the WO 98/ 01921 : ﬂmu, " ‘

PCT/ 1 L96/ OOOBS(;L%IMS' - - | anar

antenna assenbly 1 intact. Al though the first planar array antenna
unit 2 is positioned between the second planar antenna unit 6 and the

external sourke 8 t h%qﬂmdmmr?ssmb@/f@ﬁﬁe?nmgwﬂd t_rﬁnérﬁifti?% cﬂ&ﬁtttﬁ-nt gd :
{rom receivi g ol setomanetic rad allon Wi Treglencies n the nian S,
A though 1 he BRSTEIREN SR A BIFER SRRk cirb 1SRRI Atas altay anteaRncy
o anar et TSR Bl B AR b
S0l S R BScce RLATSR SPBIGT AT SR el
enbodi nent s fhands kaid first plansarareay anyteana anitsbeing tse fop planar array antenna
unit and said second planar array antenna unit being the bottom planar array
10  antenna unit; |
said first planar array antenna unit comprising at least one dielectric
plate having front and rear faces, at least one planar array of patches having
a plurality of patches, a feed array having a plurality of feeds and a ground
. plane; | |
15 each feed of said feed arréy being coupled to a respective one of said
patches of said at least one planar array of patches;
each patch of said at least one p)'.a_nar array of patches being resonant
to frequencies in said low frequency band and tfansparent to frequencies in
said high frequency band;
20 said ground plane being reflective to frcq_ucncies in said low frequency
band and transparent to frequencies in said high frequency band;
said second planar array antenna unit comprising at least one dielectric
plate having front and rear faces, a ground plane, at least one planar array
of patches having a plurality of patches and a feed array having a plurality
25  of feeds, each feed of said feed array being coupled 10 a respectivc one of
said patches of said at least onc planar array of paiches.
2. The planar antenna assembly according to Claim 1, wherein said

first planar array antenna unit comprises a first dielectric plate and a first

planar array of patches having a plurality of patches, said first planar array

[

_REPLACED




and 6 will now be desmnsdea qu nstructlon of the planar antenna
assenbly of ?ﬁsﬁlﬂ!?m' be illustrated. In the Figures 15
illustrating eseé enb trlc pl at es, ground pl an&ET/IL26/00037

f eeds and apertures are aII shovvn W9 h- exagger at ed di nensi ons for

Il lustrative pur poses only. The -patches and feeds are shown with
different heights in order to differentiate between them however in
practice they oqrp%t@!fés%ld %1d feed aﬁayruee;dg Gisp%%@d‘@ﬂ th8 fidift fdtebeshid firse! at es
and are of the sanme height Attention is first drawn to
Fig. 2 showi ngheiesirﬂEphleamﬂl em:h/f&ed of saxd feéd pmay b]:ﬁn@efectmrtalbll aoupledr r ay
antenna unit 20 in accordance with a fi- I ment. The patches 21

and the feeds Q2 regpectiveane pateh of ﬁetsi wcl(x@ﬁ of said frraii Pléﬁ?ll wasc alipatches o
each ot her, are,di sposed fropt fage of ect k. l.at e
24 Each: pat cASiSsLBRdPleds Bempllpesthtriaid Bardnes tSaif HRE! diefecki
frequency 53ang,dﬁgd transparent to frequencies in the high frequency
band. Each fe 2 is equipped-with a.-feed line ternminal 23 to which feed
lines can be @pnnect edteorp linaikamnhheaéseﬁﬂﬂ t fecordingbte Clagat 2ofugther
syst ens cont ai ni ng phase control devi ces The ground plane 25 is

di sposed on t lcemprising raesaacohdaiaelebtmm@atceﬂmbarsecomﬂ plana? areaydof patshesgned

to be frequen el ectjve, WO 98/ 01921
PCT/ | L96/ 8003%%v1$ng a plurality of patches, sax/d second planar arrayiof patches being

disposed on the front face of saxd second dielectric plate, said rear face of
10 said second dielectric plate facmg---the front face of said first dielectric plate
‘and each patch of said firfs.t. p_'l;_ixia; array of | patches being substantially
aligned with :a:res;'jective éne patch of said patches of said second planar
array of pa’tches.-- o |
4. The planér antenna assembly according to Claim 1, wherein said
15  first planér array.'antexin-a unit éo.hiprisc-s' first and second dielectric plates
and a first planar array of patches said first planar array of patches being
disposed on.the front face of sald first dielectric plate and said feed array
being dxsposed on the rear face of said first dielectric plate with each feed
of said feed array being ele_ctr__b_mag'netically' coupled to a respective one
20  patch of said patches of saiaf.ffif:st' élanar array of patches, said ground plane
being disposed on said rear face of said second dielectric plate, and the front
face of said second dielectric. platé facing the rear face of said first dielectric
face. |
5. The planar antenna assembly according to Claim 1, wherein said
25  first planar array antenna umt "co:mprises first and second dielectric plates
and a first plén-ar array bf’patéhés having a plurality of patches, said first
.planar array of patches being '_fjfc:_!isposed on the front face of said first
dielectsic plate, said ground plarie being disposed on the rear face of said

first dielectric plate, said ground plane héving a plurality of apertures, the
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reflecti ng frequenm es in the requency band and transmtting

frequenci es cy band. Fig. 3 shows
a side el éVQPP’QH’Z%'l e4/ I a second pl anar ar rRGI/BA6/00037 uni t
30, in accordance wt bdi renp. - The patches 5 31 and the :

feeds 32, which are electrically coupled to each other, are di sposed
on the front face of the dielectric plate 34 The patches 31 are

designed to ey d Each
feed 32 is eﬂc?]ﬁlll{ope wptgﬁfdgse;cggg%lerrﬁgﬁ?% m na 2%0?% 1\’/\13;211?’ &fegg af&iﬁgssf can be
connect ed f adielectric fgcd hnd fsaitifedddarrty ttdihg dispestd oni the =ys fRgsof edidai ni ng
10 phase control devices, The ground plane 35 is disposed on the rear
face of second diclecisia Plaée Mith ea@n___feasl ohsaid feacharrpy deing dccugmagt-enna
units 20-and 30 imlar ~St sPgre theref;tsare a nunber” of basic

i 11 or ences HEHGEUE FouPed 10 3, pertive phg il iest BT 9 ind ¢ he

d d h
Bt thes 31 SiPaehts via p regefB¥ RGLEINeRIGSaid BhoG ARG sk 1"

Fur t her mor e, agdgires Beiifp ﬂi%&n@iit tohﬁequenc:es)ﬁt §iia$o&1freqéer§: Y Widd. i n general
'be different. Since the patches 21 operate in a'lowfrequency band

and the pat dhes 31 i The plangy zﬁrtemnaeasspmiﬂylchccohhmg to eithet bf Qlainehdor31 wi | |
be snmaller than the patches 21. Hence, for a given pl anar array

ant enna uni t3.glirthertgompriging|a B@rdr&i@lcsmccpbée 3ndizhsgcopdt planar agay ofl.
necessari | y RAieL Ry § RhuBlEF Sriithe, sall sccop diphasiaffey of patches” "'
Fig. 4 §00W%éin§'di§xfsl:8\6iﬂlﬁrfré{hteﬂ Qo mPB 1&Grie! PR sAHUEA fhce

ent ti

assenbly of the“in lon:I'n-accordance Wt |rst ment

enbodi nent oofgaid skisd didlectsic platenfacireg ﬂwfraﬂtﬁaa@fuamtfmsndm:smndc'pme with
25 Fig. 2 and a second Fl anar.‘array. antenna unit in accordance with Fig.
32}

3. A and each ipatgh’ éamssmndr Pplapsr preycfnpatokes: being| substansiallsty
antenna uni tashgncd with a respective one of 'said patches of said first planar array of
patches. -
15 7. The plén‘ar anteﬁr’xﬁ’%%&inb]y according to Claim 1, wherein said

~ first planar array antenna umt compnses first and second dielectric plates
and a first planar array of patches having a plurality of patches said planar
array of patches being d:sposcd- on the front face of said first dielectric plate,
said ground plane being. dlsposecl on the rear face of said first dielectric

20  plate, said first dielectric- plate bemz, spaced from said second dielectric plate

SO as to form an antenna q_h___a:__ said feed array being dlsposcd on the rear

face of said second 'diel’gclt_fi_: :"lé}c with each feed of said feed array being

electrically coupled to a res| Ge_one of said patches of said first planar

array of patches by a pluraht of fecd probes and said second planar antenna

25  unit being located within' §5'id antenna chamber.

8. The p]anar antenn: assembly accordmg to Claim 7, further

comprising a third- d:el Ctri plate and a second planar array of patches

having a plurahty of patches; s: zfid second planar array of paiches being

disposed on the front facc of sald__thlrd diclectric plate, said rear face of said

Cmmmmn

REPLACED




Attention i s now drawn to Fi and 6 showi ng plan views of t he

[
planar array antenna ceq espectively. The patch
frequency s QW19 jsur ﬁllﬁgﬁl d to be transparent to f?gaéé%%? in
t he WD 98/ 01921
PCT/ 1 L96/ 00037 - 20 - hi gh
frequency band by any of the known..techniques per se. In the
particular ill tifid aﬁeleutrﬂhplme lfmcrﬁggthCSfrOtntefmmfnmd Iﬂrsadwlwndlwatmgnd
surfaces with a periodic*arrangenent of apertures 26 in_each atgh

: @liy aligne

The di nensi onseach patchfofisaid srex apar 3irey efpatchessbeing sHbstapti
resonant to f he '
feeds 22 al ong® PR bRl P?ﬁ@ BAlchE A ENG 0 Bflngl By 0P PRCAEE ., 0°
22 are el ectri ?ﬁ' Iy (OFI‘J@ ppl'iﬁarl Xﬂteﬁﬁ&',%@nblg accbfﬂrﬁ%% B4 aS whereihid
e secon a

pat ches 31 of anar..aryay, anten nit 30 are perf ect

conduct or s 5 Wi kécdriPplangt BRES antennahntie Bompeises A firstidielectric plase and esfirsant
to frequencies in the high frequency Band. A so shown are the 10 feeds 32

al ong wi t h t heplanfagexrdy ofpaiches hat/mgSB plutkghtynof pachezed;mCBﬁrsir;ﬂanar array
electrically coupled to t he é)atche

vi ew (r)rI) Ej he f [ eﬁnﬁ \f@eraUand)emg dispgpechen she fwnage& ﬂg gsm
one ot ent i PS8 2t BANS: o e SN BRcAR onpn

to a respective one. patch of' 1d‘patches of said first planar array of patches

pl an

10  and said ground plane bemg r-sposed on said rear face of said first dielectric

plate.

10. The planarante .g_assembly according to Claim 9, further

comprising a second-‘-; _relectrrc plate and a second planar array of patches
having a plurahty; ._. ____f patches ‘said second planar array of patches being

15  disposed on the front face of '__satd second dielectric plate, said rear face of

said second drelectrrc plate facmg the front face of said first dielectric plate

and each patch of sard ﬁrst' lanar array of patches being substantially

aligned with a respectrve one patch of said patches of said second planar
array of patches. - "
20 11. The.plapar__f_anteiiﬁa?agéenrbly according to Claim 1, wherein said

hitf eomprises first and second dielectric plates

second planar ariay 'a-nten'n"
and a-first planar array of _patchcs said first planar array of patches being
disposed on the front face of_;sard first dielectric plate and said feed array

being disposed -o_nzj.:t_h

‘face of said first diclectric plate with each feed

ng lectréhlagnetically coupled to a respective one

25  of said feed arra-y_

patch of said- pa‘tc'hea f said first planar array of patches, said ground plane

being disposed on. sald rear face':of said second dielectric plate, and the front

face of said sccon_;l _lectrx.c plate facing the rear face of said first dielectric

face.
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15 ground pl ane 25 IS I flg&tﬂ Geeio frequencies in the | ow frequency band
and t ranspar ent es in the high frequency band. The
pat ches 2WOg§p1921.. - Sﬁ“ Mmm ne 25 are illustrated i nPEI/EP6/08033nd 7°

as having identi cal 5 26-30d-27, respectively, with identical
spaci ngs between the apertures. However, it is pointed out that this

need not be the case, and 20 although ci rcuI ar apertures can be used they.
are to be ungigrstoodTas planar amtemi5¢eilY wecordinimoe ERimOPrWhtris Bajed

aperture Typi cal exanples of ' acceptabl e shapes for apertur es, as
known in t hesemond plamar ara}emtangm Riait: cximprises first and seoomd dxeledmwplaltc&m
cross,. a disk and_an annutar ring:. * he actual dinensions of

the patches #nd pifsst: pslanardarsamqﬂpaa@pénhmag a atﬁralna Qﬁnaatebenfsatcréirst X
f b f t t
bt ehes. b1 nlfphaf Ry, Bt bends HeiRd BRPosR oy e Fiipy dacs S By 1,0°
pat ches 31. ndi!tegi‘gﬂg ﬁalﬁﬂa‘) 'shﬁ%#dlﬁﬁt gla% Heifig)! e& %geﬁtle' M%8r $AQUBE said

pl ane 25 ca anot orm hown=i n n accordance wth

w)l S 8/e (r)rbgczil nfindt dlbl%cﬁﬁ)@platé esa:68grbun6 hdams bwndgm phrralz@ ohapdreureButhear e not
1921

PCT/ 1 L96/ 0008@nt face of sald second dtelectnc plate facing the rear fage of said first

necessarlly, the sa Sha-e a patches 31 and,each aperture 28 js
subst ant i al | JiEISFHC IgaeARE 5 rfe%ne grrﬁwzﬁlp&t sposed on the rear face of said

second dlelectnc plate w:th each feed of said feed array being electromag-—

n

10 netically coupled -to a respectlve one of said patches of said first planar array
of patches via a reSpectlve one of said apertures in said ground plane, said
- apertures bemg resonant to frequencxes in said high frequency band.
; 13. The planar antenna assembly accordmg to either of Claims 11 or .
- 12, further: compnsmg a third dxe]ectnc plate and a second planar array of
15 _ patches havmg a plurahty of patches said second planar array of patches |
~ being d:sposed on the front face of sald third dielectric plate, said rear face
of said third dxelectnc p]ate facmg the front face of said first dielectric plate
- and each patch of said second planar array of- patches being substantially
ahgned with 2 respectwe one of sald patches of said first planar array of patches.
- __20 14. The: planar antenna assembly according to any one of Claims 2
to 6, wherein: sald second planar antcnna unit is in accordance with Claim
9 and said first and second planar antenna units are separatcd by a dielectric
plate facmg saxd first and second planar antenna units respectwely

25 15, The. planar antenna assembly according to any one of Claims 2

to 6, wherein sa
10 and said fir

dielectric plate -

_second p__lan_ar--_antenna unit is in accordance with Claim

;;_and__ secénd_;ijplanar antenna units are scparated by 2

h: front andrear faces, said front and rear faces of said

 dielectric plate facing said first and second planar antenna units respectively.
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A nunber of ot her en‘%ggﬁ@ma'éla% scednt enna assenbly of the

I nvention w m ‘m various enbodi nents of thg,gajag‘p% yray
5 anter’ma unlts noted that the first pla @

ant enna un| t 20 i/ | ~c3h be specified by the "first
antenna unit" ' an F| g. 9 conprising a patch 21, feed 22
with term nal 23 di el ect

_ _ plate 24 and ground pl ane 25 Thi s
antenna unit 3..i1§ r ef er rldx¢ plen atﬂﬂélﬁn#"cmb'}’ ageording to any eneof rClaims 2 (or

hown 1 1) 7 goT0 B el s Sohod Bl Hisnve Wit rin,scbordants i Glaim ¢
20" by formn a, ] t first enna unlts
20'. In a si mg Rérimaér']hﬁférﬂfs'? .-'-'secolé)t{ﬂ8 %ﬁ? %{ﬁ% t@nﬁé\ &ﬁparaéﬁ) by"a
shown in Fi 0. diele@fie H¥ite MM fiond téh? faé@sC%'%ﬁ e o ttfac&%f§

d.of describing erent e dlnents

in Fig. 10. Therefore, inst
pl anar ariSay didlectnie plmetfa ) ‘sfaﬁéfnstarﬁmmdndmhixﬁarfa@tezﬁﬂhﬁﬂtﬁeweétﬁvéw
od:-t hat: these antenna units are basic buildi ng

described, it belng under s

bl ocks from whch the pbnmqngapasamblmmdm dmnaaywone of Claimhs 2

constructed urt h rm.re nEtPﬁ r@g g 9 and (10 it is evident that

one 19,6, Hhsreingsas t?F&P% anal YTHeRRA BRJtYS ipAckordanes ¥ithflaim

vvhereinthe2 t U e ctlve
he 292 ahd!gha o aﬁft t}e_ Yeguhd pgﬂag £ A Congﬁggl i SBS3aR %

for the first Je %of
the second anHEH]ékﬁn@antate W roﬁwnun&at Hades, %afﬂ ﬁ%t %Hyreﬁpefaaé%f s&id
antenna unit will be-illu ed in.th | om ng descri ption.
Attentiodl s dmlec:tnevpiatedaé’ ’saidﬁs*mmcend@ldﬂa@ afteamla Wiitseespectively.uni t
with an electrically coupl ed-"pat ch. 40 which is constructed from an

el ectrical |y 48upl ed & sembliy 2ecqrding, tal any fansdofi Claimis eed

¥ Nenééj_
line term nal sedf"“-a_o ront. face of.a dielectric platje 44 and a
ground pl ane zﬂigdl"&ﬁ’ said _gn i\ ’Ef{
: 13 and said fi:

N3 ATUCDNR{URIL{IS IR ASFO F’Ec‘t’t**'(g&l"at e 46
. ‘dielectric plate'w

d _second planar antenna units are separated by a
ront and rear faces, said front and rear faces of said
15 - dielectric plat ; ld f:rst and second planar antenna units respectively.
19, The ol menna assembly according to cither of Claims 7 or
id d. planar antcnna unit is in accordance with Claim 9
aid _antenna chamber, with a dlelectnc plate interposed
- _r_t:ten_r:t:a, unit and said ground plane of said first antenna
20 unit | T |
© 20 Thepl 'ffian"t:ehna aSSEmbly accdrding to either of Claims 7 or
: f:]anar antcnna unit is in accordance with Claim 10

S d__ 'antenna chambcr, with a dielectric plate interposed

25

and is locat_ed-'f_vgl__ d*antenna-_ chamber, with a dielectric plate interposed
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Pﬁasgeen Qe dielectric plate 44. The dielectric plate

I

adj acent to the fr

ggT/IL%/HS\égﬁylm iﬁ lls f,_rog%hf ace a patch 47 ﬁ%‘s‘%%‘%’?“&?h

aligned with the patb early e two patches 41 and 47 are
el ectromagnetical ly coupled. The : presence of patch 47 serves to

I ncreas€ t he bandw d,t h of the el ectri pl e nna unit. It
PRieBng Wi Avhdidereund BiRG At saEl BE DU e by

shoul'd be n&edyeshaaIdseEons
deposi ting patch 41, feed 42 and feed line term nal 43 on the rear

face of - thetudll?el ectric pI ate 46 instead of on the front face of
dielectric: phate 44. é‘gﬁnﬁ ARRHnaSARH @ckithil 45 cRhEEBE@hims 7 o OMENT
for all: enboganents'll-f}lt- ﬁ a pant ch:"or flge(‘j: I's sal dctoﬁ rm%l s%osed on
the front o, velsrefiRsaidoechi® ‘plsharcanensd ehftdsih acpbiange wWitR(Claim 1D the
pat ch or feed coul d Just as well be disposed on the adjacent face of the

ot her di%l e@mdiis lcp:taaedgthhm sald antenna chambg, \mm gﬂmlgctgm piatednterpased i n

whi ch the- p%ch 51 and thé 52 ar. | ec etl IIy couled
The pat ch 5Dbesweeh sad sssond smjnna i 410 grpuRip e DL saich P andn
di sposed on osite sides of the dielectric 15 plate 54. The front face
of a second |l ectric plate 56 is adjacent to the

' ;23. The planar amenna assembly according to either of Claims 7 or

8, wherein said second planar antenna unit is in accordance with Claim 13
10 -andisJocated w;thrn_sax___d-_ antenna _ehamber, with a dielectric plate interposed
between said second;iantepna unit_ and said ground plane of said first antenna
.24, A planar antenna assembly according to any one of Claims 1 to
| 123, wherein sald first planar array antenna unit is designed for the reception
15 and transmxssmn- of -cxrcularly pq__l_ar:zed electromagnetic radiation and is
'-5-€characterxzed in. that |
. said at least one array of patches of said first planar array antenna unit
-is grouped into 2- _x__-._Z_pat_ch subarrays having each in clockwise or counter-
_ :clockwise sequenceﬁrst, second,_third and fourth subarray members; said |
20 " feeds of said feerl arrayof "said fi'rét planar array antenna unit are grouped ,
.mto 2 x 2 feed subarrays havmg each in clockwise or counter—clockwise
'sequence first, second tlurd and fourth subarray members; each member of
a given feed subarray bemg coordmated with one member of a given patch
subarray, the feeds an" I.patches in a g,wen coordinated subarray being rotated
25 by 90° with respeet to. a sequenttally preceding subarray member.

- 25. A planar antenna assembly according to any one of Claims 1 to

23, wherein satd secon : '__lanar array antenna unit is designed for the
receptxon and transmrss:on' of crrcularly polanzed electromagnetic radiation -

and is charactenzed m that
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rear face of the dielectric plate 54, and a ground plane 55 is di sposed on

t he | . rear face of the dielectric plate 56. A double stac

el ect r omagrYEQ P21 coupl ed antenna unit 60 is shown i rﬁg’&%wy'and
i s obtained fromthe antenna uni t38i-th an el ectromagnetically coupl ed
patch 50 by depositing a 20 dielectric plate 57, bearing a patch 58 on
its front.face, on the front face of the dielectric plate 54. The

pat ches 51 and S5éiidrag leasednanirt®y by patdhesed seid second plasacirray hatenna

Fig. 14 shows an antenna unit 70 with an aperture-coupl ed patch. The

ant enna uni tumibriprgrevped iptx 2hx 72 patclt subarraysahavingeeathl imelackwiseair 73, 25
two dielectric plates, 74, 75 and a ground, p] ane havi an aperture 77.
The patch 71c@iHcigelogkwiss seauencs faseb sepg%éﬁlad an MF%@W&W@:M
dielectric plate 74 apd t feed 72 s.di sposed. on the rear face.of the

i ol sotric pid desds BRRad frephtay of SidsBERr BB iy SREmIE BRI
coupl ed ¥i 3 4iozpBRGhIS 2 x 7 fbbd [SiBaftags HVRIFABECH T clodkiiBt BrstsieRNt enna

PCT/ 1 L96/ 0008éckwise sequence first, second, third and fourth subarrag&iiembers; eachuni t
aperture-coupled patch 80 is shown in Fig. 15, and is obtained fromthe

ant enna uni tmeiber arf mgivendiced subpiray being hogidlinated aviths pné¢ myeraber ef actri c

given patch subarray, the feeds and patches in a given coordinated subarray

being rotated by 90° with respcct to a sequentially preceding subarray
lO member.
26. A planar antenna assembly according to any one of Claims 1 to
© 23, wherein said first antenna unit is in accordance with Claim 24 and said
~ second antenna unit is in accordance with Claim 25.
- 27. A planar antenna assembly according to any one of the above
15 C_laim#, wherein said low frequency band at which the first antenna unit
operates is.the L-band and said high frequency band at which the second
~ antenna unit operates is the K -band.

28. A planar antenna assembly according to any one of the above

~ Claims, also comprising a radome.

This Sheet Has Been Reﬁlaced
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pl ate 78 bearing a patch 79 on its front face, on the front face of the
dielectric Ri@bfpied; The patches 71 and 79 are substantially a gned mnth

5 each ot her. i# As described above, planar ar &

units can be constructed fromthe above illustrated antenna unlts by
formng a planar periodic arrangenment of the antenna units. Fromthe
so constructed planar array ant ennal 0 t s p _gP antenna assenblies

can be constructed using the 10 nmodul ar appr lustrated in Fig. 1.

The first planar antenna unit 2 can be c
antenna units 20', 40, 50, 60, 70 and 80

pl anes are frequency selective surfaces a

strugged fromany of the
(where the patches and ground
descri bed above) and

simlarly the second planar antenna unit 6 can be constructed from any
of the antenna units 30', 40, 50, 60, 70 and 80 Qghere 15 the_phtches and
ground pl anes are perfect conductors). In t he pl anar
antenna assenblies descri bed above either the /// feeds "are in the sane
pl ane as the patches andéglectrically coupled to them or they are in
a different plane and el €ctrojagnetically coupled to them Fig. 16

shows a schematic expl oded si gr antenna 20

assenmbly 90 in which the patches 91 of the firxt planar array antenna unit

are in a different plane fromthat of their feedd4392. #he feeds 92 are

equi pped with two termnals, feed |line termnals 93/to which feed |ines can

be connected for Iinking4 the feeds to suitable electronics systens

cont ai ni ng phase contrqf devi ces and feed probe tjlermnals 94' to

whi ch feed probes 95 25 are connected. El ectrical\connection between the

feeds 92 and the patches 91 is nmade via thaqgf eedygor obes 95, connect ed

at one end to the feed probe - term nal s 94/ and at the other end to

the patch probe term nals 94"[Each :
! 6 — 1

N\

17
Fig.1
21 22 23 "/20.
Ef-jl——-1——-f//( F;f——;—*F———1 —7 | '
24— | T | 2
/
25
Fig.2
31 32 33 ' 30

34 L~
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T

% Fig.3



patch 91 is equi pped with one patch probe term nal 94". The patches 91 of

the first pl khAdyY antenna unit are di sposed on the front
O 98/ 01921 Wo'sGiosf PRIALO00b

PCT/ 1 L96/ 00037 - 24 -
dielectric plate 96 and the gr ound planezgioof the first planar array

~antenna .. unit is disposeft on 2Re r&dr face of the dielectric pla BB

~ The feeds ‘92 of the fir/st plg Sed on

"~ the rear face of dielectrig pl aye 98. Di eIectrlc plates 96 and 98 of
the first planar array, =W S 3 el with the
second planar ag4ay arntenna unit 99 located within the a 80
chanber. The . ground pIane 97 of the first planar array apt enna uni t
is. fitted wtHRheles— OO THE TOMI ACTTESS a¥: f eed
probes 95. For e Sakeagf |éiusggat|on the second planar array antenna
unit 99 has be chosen t e second pl anar array antenna nit shown 10
in Fig.3, however, canf : t—rtaen =5 ant enna
units tha34can be fornmed frontthe antenna units 40 50 »Qh_zgoand
80. The hol es TO4 and 105 in the pat ches and ground pl ang,
respectively, o085 ottt prarar—arTay anterme U997 are for the
contactl ess passage of the feed probes through them

Fig.4
26 - 21 22 23 _ 24

\._/ / _ \

o/ [,
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Fig
32 33 | 34
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15 The enbodi nent of the antenna assenbly of the invention,

Wi th awlo g3l anar array antenna unit havi ng probe fed t ches, as
: shown in Fig. gmt”ﬁl& can be extended to an antenna assenbl y‘p%’!’r?"&“‘m
doubl & stack probe feed first planar antenna unit, by depositing on
.the front. face of the planar antenna assenbly 90 a dielectric plate
- bearing patches on its front face. Fig. 3@0 17 shows a schenmatic expl oded
' side view:of part of a planar antenna assenbly 100 with a double

- stack first planar array antenna unit w2h probe fed patches. A

~dielectri¢c plate 110, bearing on its frf6nt face patches 112 is

di sposed- on the front face 114 _of the Ml anar antenna assenbly 90, having a
probe fed first planar antenng gr rcayg/arge na, ugit. he patches 112 ang 91,
25 of the planar antenna asgsenbly 90 (shown in g. 16), are /
substantially aligned wijith each cther.e o o The f.irlst and
second pl anar arraypgntenna ufigs £ogprd spng, th

pl anar antenn

assenbly. of the inventTea_canifunction either “a plane or cirgul ar
pol ari zati on node of operati an.°TH’e Bl &h @i of the planar array 7« VO
98/ 01921 o o o o o /
PCT/ 1 L96/ 00037 - 25 - !
antenna units 20 and 30 shown|j 5 and 6, respectively, iIIustkate a

]

| !

! /

L /

Fig.8



pl ane pol ari zati on node of operation. Since the geonetrical feature
dictating thﬁo@ﬁhﬁb hzation node of operation of the planar arr?&nﬁﬂé&ﬂﬁﬁ#
units erelative orientation of the patches and the feeds
clearly Figs.*5 and 5 6 can be repl aced,by one figure w thout reference

to whet her the. patch is frequenc%1 tive,or not and without
reference tothe frequency band of op&(ation. Furthernore, a 2 x 2
subarray.suffices to denonstrate the ¢ircul r pol arj 20 on node of
operati on. and: hence will also be ug ratq6///bzthe pl ane

Fi g

polarlzatlon node of opera;%fni Lention 1s drawn| t ig. 18 10 show ng
a plan vicewof a 2 x 2 sub ay of a planar array pntenna unit, wth
electrlcally (direct) coupligi | pol ar.i zati on node of

operation (this is the generic flgure for Figs. 5 and 6). The subarray 200
conpri ses patches 202, electrically cdAnegedQto feeds 204, the feeds being
equi pped with feed Iine termnals 206. Th& patches 202 and feeds 204 are 15
di sposed on a dielectric plate 208. 31 32 33 Attention i s now drawn

to Fig.. 19 showing a plan view of a 2 subarray, 220 of a planar
array antenna unit, with electrically, . es, for a circul ar
pol ari zati on node of oper at i og4 -As—4DowWn, eac 222 along with

its feed 224 is sequentially rotated by 90[err] |n a cl ockwi se 20 sense
(or optlonally count er - ¢l ockwizge—e+reptactmo—Tli ght hand by | eft hand
circular .polarization). Sequential rotation of patches and feeds for a

circul ar _ pol ari zati.on node of OpE r;agon'le known per se and is well
docunented in the literature (see ‘exanhpl e J. Huang (1986) and T.
Teshirogi- (1985)). . In the case of an el ectronmagnetically
coupl ed patch, as shown for 25  exgnplsg i ngbi g.432, the patches and feeds
are on opposite sides of a- di Iecyric | afe but the gélnciple is the
same. ‘Fig. 20 shows a plan v1em1of a—J X subarra 0 of a planar
array antenna unit, wth elggtrontgnetlcalLﬂ {//y/
S 4 N
45 —E=

Fig.11
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coupl ed patches, for a plane polarization node of operation. The patches
242 are di sgreéspieyy the front face of the dielectric plate 24 t he
WO 98/ 01921 borhibbfis "
PCT/ 1 L96/ 00037 : - 26 - feeds -
246 (along with their feed line terninalzi-are di sposed on its rear face.
The feeds 246.are drawmn wi th dashed i n861Q0 signify that they are not in

the = ° - sane plane as the patches 242. Fig. 21 shows a
plan view of 'a 2 x 2 subarray 260 of a planar 5 antenna unit, wth

el ectromagnetically coupl ed patches for a circular pol ari zati on node

of operation. Each patch 262 along with its feed 264 is sequentially
rotated by 90. Attention is now drawn to Fig. 22 showing a plan™
view of a 2 x 2 subarray 280 of a planar array antenna unit, with
aperture-coupl ed patches, 10 for a plane polarization node of operation.

A side view of an antenna unit for an aperture coupled patch is shown
in Fig. 14. As can be seen from Fig. 14 there are two dielectric

pl ates invol ved and the patch, aperfdire hd feed are located in three
different planes. In order to illustkate/the relative posi tion and
orientation of the patch, aperture relative to ea98 ot her

74 ~—~—_1 /[\_\ /

76 ST

72 73

Fig.14
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15 the patches 282 are drawn with solid lines, the feeds 284 are drawn

W th , ines and the apertures 286 are drawn with Ilnes
with the %8@8&&4@ standing that they are located in three dldé)

pl anes, as indicated in Fig. 14. Fig. 23 shows a plan view of a 2 X 2
subarray 290 of a planar. ° antenna unjt, with aperture coupl ed patches,
for a ci. rcu_l ar. pol arization node 20 of6(1;9erati on. Each patch 292 al ong
with its:féed 294 is sequentially rotated by 90[err]. The apertures

296 do not{'necessarlly undergo sequential rotation.

Attentioh i.s now drawn to Fig. 24 showing a plan view of a 2 x 2

subarray 300 of the patches 91(a, b, c,d) disposed on the dielectric plate 97
of the first planar array antenna unit of planar antenna assenbly 90 shown

25 inFig. 16. Also shown is a plan vi ew of the corresponding 2 x 2
subarray. 310 of theg1f eeds 92(a, b, . the probe fed patches
91(a, b, c,d), disposed = | ate 99. The feeds have b
drawn wi th dashed lines i/n strate that they are di spGsed
on the rear’ face of the di el ectric D, 99 Thefeeds 92(a, bc,,d) are
connected via feed | At oo
PCT/ | L96/ 00086 Fig.:
16) to the pag;
99—
95 94 92 93 105
Fig.16
112 ;
/100
o MO | - ' z

Fig.17



94' (a, b,c,d) to the corresponding four patch probe termnals 94"(a, b,c,d).
Fig. 24 ill an arrangenent of patches and feeds for a

pol ari za- %{"ﬁél?%‘n node of operation. 5 Attention |% 37
drawn to Fig. 25 showing a plan view of a 2 x 2 subarray 300 of the
pat ches 91(ab, c,d) disposed on the dielectric plate 97 of the first
pl anar array antenna unit of planar antéﬁiﬂ assenbly 90 shown in Fig.
16 for a circular polarization node of operation. In the subarray 300

t he patches 91a, 91b, 91c and 91d differ fromeach other in that each of
the 10 . patches is rotated, sequentially in a clockw se sense, about an

axi s perpen- dicular to pps cerigy . TRO6 has tRe8effect that the

pat ches 91a, 91b, 91c and 91d difffer firom each/other by the |ocation
of the patch probe term nals Q41( whi ch are
sequenced in a clockw se |sense fsuch f hat each of the tgrmnal s 20D0'a,
94"b, 94"c and 94"d is anjgulrarfy drgp| aced 15 by 90 jrel ati Ve t he
precedi ng one in the sequen¢e as reffectsdd injFig. 24 =——» Ky the patches
angul ar orientation with fegpect tojeach ot hei_including the relative

| ocation of each patch prjobe termnal within the patch. The fleed
probe term nals are not sjhhown, but there arrangenent is simljar to that

shown in Fig. 24, except fthat_they will be sli spl aced so that each
20 feed probe term nal W ljl .be substantially aligned with ijts
correspondi ng angul far lly displaEEE’*eed atch ter . |For the
transm ssion of circularl peHari zed el leti c radi ati on phase
del ays of 90, 180[err] an 270[err] are applied to the jcurrents
flowi ng at feed probe termnals 94"b, 94'c and 94 d relative to

term nal 94 b, respectively. 25

Fig.18
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- 28 - CLAI Ms: 1. A planar antenna assenbly (1, 90, 100) for
receiving a s t - ting electromagnetic radiation int y
bands, said p gén,g{rﬁgnntenna 5 assenbly conprising, in a Iayew/’?'ogyn@'?fon
first and second planar array antenna units, said first planar array
antenna unit (2, 20,) operating in a |ow frequency band and said second
pl anar array antenna unit (6, 30) operat |82{60 a high frequency band,
said first planar array antenna unit being the top pl anar array antenna
unit and said second planar array antenna unit being the bottom 10 planar
array antenna unit; salfl ill rst éan 4627 ray spfenna unit conprising
one dielectric plate (24, ‘!L 0) hayrng Jront an@ rear faces, one

pl anar array of patches having ?/ pl uriht?of pat cﬁ:‘es (21 91), and a
feed array havingaplurallwn fe (22

, boivhriglblivivl 4. .’.'. Diviviviviotrt Aot /

eds

240

Fig.20

264 B : o
I 260
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92); 15 each feed of said feed array being coupled to a respective one
of said peimnoef said one planar array of patches; pcem,daag‘,ch
of said at |east one planar array of patches being resonant to .
frequencies in said | ow frequency band and transparent to frequencies in
sai d hi gh-. frequency band; 20 said nd planar array antenna unit
conprising -one dielectric plate (34, having front and rear faces, a
ground pl ane (35), one planar array of pat ches having a plurality of
patches (31) and a feed array having a plurality of feeds (32), each feed
of said feed array being ccuéb%xi?%ga 284pective one of sai d pat ches of
said at | east one planar arr of patézes 25 t he pl anar antenna
assenbly being characterized jn that, said first planar array antenna
unit conprises a ground , 977 reflective to frequenties - iasaaid

| ow frequency band and tr nspT.c.t tq/frequencpres—+r—sqi d hi gh
- 29 - frequency band. E}x:;". E%:ﬁxzm ,/////
]

gg:r"""n | ) ' [%;3;:3.
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2. The pl anar antenna assenbly according to Claim1, wherein said
first planaryglogdyegnt enna unit (20) conprises a first diel ect ﬂ#nﬁ
(24, 44) gﬁ ?I rst planar array of patches having a pl urahflﬂ 37

. patches (21, 41), said 5 first planar array of patches and said feed array
bei ng di sposed on the front face of s d first dielectric plate with

each feed (22, 42) of said feed array éﬂng electrically coupled to a
respective one patch of said parhesggph saidgy first gignar array of

pat ches and sai d ground pl ane (125 42) bei ng/dl sposed on said rear face
of said first dielectric grate 71075 Fe—pt=an antenna assenbly
according to Caim 2, fuﬁthe cogpri si ng/a second di el ectrijc plate 846)
and a second pl anar array }of 'pétche3 | having fa plural ity of }patches308aid

second planar array of patiches (47)®bg¢ing disposed ®njthe frjont-face of
said second dielectric plate,Lsaid redr face oftsald second |di'el ectric
plate facing the front fade of said fi rstgghdel ectric pl abg'n 44) 15 and each
patch of said first planaj array of pat/c/nes (41) Dbei ng gubstantially

aligned with a respecti ve |one—pateh—t of saig—p hgs of sgid second
pl anar array of patcheg. 4. The dl anar gnfenna 4ssenbl y
according to Caim1l, wheiein said first pl , antenna unit
conprises first (54) and gecomd~—t58rdi el ectri c—26—ptates and|a first

pl anar array of patches (‘1\ said first planar array of patches bei ng
di sposed on the front face of said first ‘dielectric pI ate (54) and said
feed array being disposed on the rear face of said first dielectric

plate with each
99 94'a 92 93 - 94'b

Fig. 24
VA,
. |

A
l

94"d

94"c

Fig.25



. o ey PVESLE 70
feed (52) of said feed array being el ectromagne}iREFLAGEMENTISHEET a!PﬂS\: ‘CP@L
#r.espective one patch (51) of said patches of] SF'ru' Frrsti i}r array of
d'oi rf
5

pat ches, said ground 25 plane (55) being di sposg¢d 0%0?%@ e of said
second dielectric plate (56), and the front fage“of ¥Sa-&r’Secpn
dielectric plate (56) facing the rear f.8e off ¢aid first di
(54). - 30 -
The pl anar antenna assenbly according to C ai m l—viieser—serd first

pl anar array antenna unit conprises first (74) and second (75) dielectric

plates and a first pBpaasther ii¢hadicalodpphesch @ ¥inBle-#xiP mechhhicil ®ackisg ches
(71), said first planar array of patches being di sposed on the front face
of said firsgysterdi B aséd,i & @hleeécZﬁP le YRtk dhe M ahaS&ew@):%l@il r

di sposed on t)%e rear face o?b sai d irsth%el elcl??lpc plate (74), zisygl:id
ground pl aneslotted-weavegnider airhy ysystem fareKisbadd {rédsmission (Nipponf Steelof said
second dielectric plate (75) facing the rear face of said first

di el ectric pCetporfic), BPokyoskipan).eed array bei ng di sposed

5 By yet another approach a combination of mechanical and

eptric face

electrical tracking is used, such as in the Ball communications system (Ball
Telecommunication Products Division, Colorado, U.S.A.). _
There are alsd known non-mechanical antenna assemblies for
mobile communication systems. One such non-mechanical antenna described
10 by CAL (CAL, Ottawa, Ontario, Canada) employs phase control on one axis
and fixed beams on the other. A twd-axis electrically-steered antenna
assembly employing conventional phase control schemes has been described
by TECOM (TECOM Industries, Inc., Chatsworth, CA, U.S.A.).
All these known antenna assemblies for mobile communication
15 systems suffer from the common drawback of operating in a single frequency
band. Consequently, if one were interested in a mobile communication
system operating in two different frequency bands then two of the
above-mentioned antennas would have to be used which obviously increases
significantly the spatial requirements. If the two-band service is provided
20 fhrough two different satellites, a mechanical pedestal cannot serve the two
antennas. Furthermore, the antennas of the first three groups mentioned
above suffer from the additional drawback of having mechanical-tracking
systems which tend fo be cu_'mbersome and slow, limited in their angular
coverage, and which are not planar and have to protrude from the surface to
25 which they are applied. Thus, if such an antenna were to be mounted on a
mobile platform such as the roof of a land vehic_le,' it would alter the

aerodynamics of such platform.



on the rear face of said second dielectric plate wi mmmﬁmgﬁdsﬂfgp fof
rsaid feed 10 array being el ectromagnetically coupl efl E e ijone of
sai d pat ches (71) of said first planar array of pptghes, via a ctive
a3apBEL. B8
6

one of said apertures (77) in said ground plane, pa 8 ng
resonant to frequencies in said | ow f-8aquency bang.
pl anar antenna assenbly according to either of Caijre 4 or 5, 15 furtjher
conprising a third dielectric plate (78) and a secokhd—ptarat—ariay—of

B
pat ches having a plurality of patches (79), said second planar array of
patches  being di sp@hert are kifewh dual flegaency’ pladaiahitehnsl attaps @ thd artp! at e
(78), said rear face of said third dielectric plate facing the front face
of said firse.glUlSeds;0435738 mdUeS.(5(262,291 each patch of said second pl anar
array of patches (79) being 20 substantially aligned with a respective one
of said patches (71) Yet smotheri rplanar pdmerara asssembdf ed cheeiving 7.and
The pl anar antenna assenbly according to Claim1l, wherein said first
pl anar ar r ay transmitting wléctronmagnetic aadiation in t96) freqeney bands (RG)X;, dvkérect ri c
plates and a first planar array of patches having a plurality of patches
(91), 25 sat guhindesenibed by Andrasms GoeindgJathepdRedim theihpaper(1988)ce of
said first dielectric plate (96), said ground plane (97) being di sposed
on the rear fﬁBEeféiﬂPOS@aBmlﬂ'DlolemmqnanMN Y dEEEsProgeédings H.
dielectric pﬁite bei ng s?aced from said

crowaves, Antennas & Propagation, vol. 135, no. 5, Part H, October, pages

304-312. The assembly comprises, in a layered formation, first and second
planar antenna units, the first (top) planar array antenna unit operating in a
10 low frequency band and the second (bottom) planar array antenna unit
operating in a high frequency band. The first planar antenna unit comprises
one dielectric plate having front and rear faces, a planar area including a
number of patches and a feed array with a plurality of feeds; each feed of the

" feed atray is coupled to a respective one of the patches of the planar array of
15 patches; and each mentioned patch is resonant to frequencies in the low
frequency band and transparent to frequencies in the high frequency band.
The second planar antenna unit comprises one dielectric plate having front
and rear faces, a ground plane, one planar afray'of patches and a feed array
with a plurality of feeds, wherein each feed is coupled to a respective one of
20 the patches. Still, the isolation between the first and second planar antenna

array units is far from being perfect. Also, none of the known

25



- 31 - second dielectric plate so as to forman antenna chanber, said
sfeed array bei ng di sposed on the rear face of said_second d| el ectrl C
plate (98) with each feed (92) of said feed array
coupled to a respective one of sai d patches (91) of <AL
array of patches by a plurality of feed gg.probes (95) afd sai d secord
pl anar antenna unit being |located within said ant enpa CB&"TW 8
The pl anar antenna assenbly according to Claim 7, fu [
third dielectric plate (110) and a second planar arraly Hayi ng

a plurality qfpaanpges (112), said second planar arra 10
di sposed on the front face of said third dielectric pI ate, sardad dce
of said third dielectric plate facing the front face of said first
dielectric plate and each patch of said second planar array of patches
(112) being siybst ant i fiplahad lah@ARE assehbl 99(?51199 féﬁ’t%céi?)&g;in gl ches
(91) of said first pI anlﬂér array of pat cg( y ep anar antenna
assenbl y accaingi btf0 fadiaticH & aﬁ*éh\ieﬁ Bﬂén nt enna
unit conprises aflrst ielectric plate (34, 42? 99) an ?Il‘st anar
array of pakassanblyvesapasinp! ik lyerRt formaties, fint andldecofd Jﬂan

planar array of patches and said feed array be| ng di sposed aﬁ ont

face of said ahtenma utiits| saidrfisst planhe aihy ineanh nfle@, 082 opettit irf @ilgw' eed
array being electrically coupled to a respective oné pat ch of said
pat ches of sdreduency band and said second planar array antenna unit (6, 30) operating in
a high frequency band, said first planar array antenna unit being the top planar
array antenna unit and said second planar array antenna unit being the bottom
10 planar array antenna unit;
said first planar array antenna unit comprising one dielectric plate (24,
96, 110) having front and rear faces, one planar array of patches having a
plurality of patches (21, 91), and a feed array having a plurality of feeds (22,
92); |
15 each feed of said feed array being coupled to a respective one of said
patches of said one planar array of patches;
each patch of said at least one planar array of patches being resonant to
frequencies in said low frequency band and transparent to frequencies in said
high frequency band;
20 said second planar array antenna unit comprising one dielectric plate
(34, 99) having front and rear faces, a ground plane (35), one planar array of
patches having a plurality of patches (31) and a feed array having a plurality
of feeds (32), each feéd of said feed array being coupled to a respective one of
said patches of said at least one planar array of patches;
25 the planar antenna assembly being characterized in that, said first planar
array antenna unit comprises a ground plane (25, 97) reflective to frequencies

in said low frequency band and transparent to frequencies in said high

e e L omos




20 first pl anar array of patches and said ground plane (35,45) being
«di sposed on " said rear face of said first dielectric][pLate., T
The pl anar antenna assenbly according to Claim 9, fu thgéﬁCEMggﬂvwEg
second dielectric plate (46) and a second planar arra
a plurality of patches (47), said seconggpl anar array }o
di sposed on the front face of said second dielectric
face of said second dielectric plate facing the front
dielectric plate (44) and each patch of said'first planar array of
pat ches (41) 1] ] L an- _ -
32 - tially alligned with a respective one patch of said patches of
sai d second planar ThlplanarUntdiaCA8mbl decordingto Claim 1, WherblPSAH
antenna assenbly according to daiml, mﬁéreln Sglg _sedonﬁ_ppgnar array
antenna uni t fiesmlandgeardy atendddnit {20) saBpHSes & Bist &eﬁb&i@ﬁfg&é 62421;1@565 and

a first planar array of patches (51), said first planar ar f “pat ches

bei ng di sposend erfisbplahanatay of parheshavingia pluralitglof Patdhes mﬁtﬁ.),(%)l and

bonn |

Tnh a
9f patches  hhving
BRI QEC 1998 Ny PS
te (46), saidjrpar
Fifst

-

said feed array being disposed on the rear face of said first difelectric
pl ate 5 first planar array of patches and said feed array being disposed on the front

face of said first dielectric plate with each feed (22, 42) of said feed array
being electrically coupled to a respective one patch of said patches of said
first planar array of patches and said ground plane (25, 45) being disposed on
said rear face of said first dielectric plate. |
10 3. The planar antenna assembly according to Claim 2, further
comprising a second dielectric plate (46) aﬁd a second planar array of patches
having a plurality of patches, said second planar array of patches (47) being
disposed on the front face of said second dielectric plate, said rear face of said
second dielectric plate facing the front face of said first dielectric plate (44)
15 and each patch of said first planar array of patches (41) being subétantially
aligned with a respective one patch (47) of said patches of said second planar
array of patches.
4. The planar antenna assembly according to Claim 1, wherein said
first planar array antenna unit comprises first (54) and second (56) dielectric
20 plates and a first planar array of patches (51), said first planar array of patches
being disposed on the front face of said first dielectric plate (54) and said feed
array being disposed on the rear face of said first dielectric plate with each
feed (52) of said 'feed.array being electromagnetically coupled to a respective
one patch (51) of said patches of said first planar array of patches, said ground
25 plane (55) being disposed on said rear face of said second dielectric plate

(56), and the front face of said second dielectric plate (56) facing the rear face

of said first dielectric face (54). e -
I




with each feed (52) of said feed array being el ectronggratically.coupled to
*a respective one patch (51) of said patches of sai d REPIACEMENTSHERTrpy

of patches, 10 said ground plane (55) being disposed: ¢ g ' 2]
sai d second dielectric plate (56), and the front fac
dielectric plate facing the rear facgg.of said first
12. The pl anar antenna assenbly according to C Qi
second planar array antenna unit conprises first (74) tand second (75) 1p
dielectric plates and a first planar array of patches “Yewrng—a—ptouratt+ty of

atches (71)s, sai d fThé bl R ra§é/erﬂ[? ?R?g tﬂ%n‘f“ s%%g 4 he
1I‘Oront face of said fi?s#tﬂagi eleggfﬁri C p.lgtels 4 ,?‘gal grlbun %Pgr%}a&(m) .
bei ng di sposfigit thtiab@rra?'f&%nnhaﬁﬁt SompAses first €14()%a' s¥ebhd g@ &%fecﬁié‘) , said
ground plane having a plurality of apertures (77), theé r ntgéace of said
second di el eplatescand &ifiest’ planfiarci}e of Patched hbving Hpliali§ bf patch ctric
face and saie%lhf eed array %ei ng di sgo?ggc on thg@r egr 16'f acg of sglla second

diel ectric piaid ﬁdtiﬁénﬁﬁhy&%ﬁhtél@d:eﬁ%ﬂispbseﬁ%rﬂﬂfe%ﬁa&@bfsaidtﬁk) g

el ectromagnetically coupled to a resp i ve one of said patches (71) of

sai d first splieleetriceplaty/(74), said ghrmd\plane(76) beig! disfosed onGhe $&irFagPef t Ur es

(77) in said ground plane, said apertures being resonant to frequencies

in said highsadd firstlielectricoplate (74),18aid groundTlptane! hmﬁngaa_tplm?sgenbl y
according to either of Clains 11 or 12, further conprising a third
di el ectric papere¢s(7)ythe front faceenfosaid seeomt dielectric plate (75) facing the

rear face of said first dielectric plate (74) and said feed array being disposed

on the rear face_ of said second dielectric plate with each feed (72) of said feed
10 array being electromagnetically coupled to a respective one of said patches
(71) of said first planar array of patches via a respective one of said apertures
(77) in said ground plane, said apertures being resonant to frequencies in said
low frequency band.
6. The planar antenna assembly according to either of Claims 4 or 5,
15 further comprising a third dielectric plate (78) and a second planar array of
patches having a plurality of patches (79), said second planar array of patches
being disposed on the front face of said third dielectric plate (78), said rear
face of said third dielectric plate facing the front face of said first dielectric
plate (74) and each patch of said second planar array of patches (79) being
20 substantially aligned with a respective one of said patches (71) of said first
planar array of patches.
7. The planar antenna assembly according to Claim 1, wherein said
first planar array anteﬁna unit comprises first (96) and second (98) dielectric
plates and a first planar array of patches having a plurality of patches (91),
25 said planar array of patches being disposed on the front face of said first
dielectric plate (96), said ground plane (97) being disposed on the rear face of
said first dielectric plate (96), said first dielectric plate being spaced from said

G L M s W



array of patches having a plurality of patches (58, [f9jEPLAGENENTeSHERT i anar
rarray of patches being disposed on the front face of{ sfi T ledqtric
pl at e, said rear face of said third dielectric plate fsoiﬁgctﬁfrort
face of said first dielectric plate (54, 74) and ejpch patch o aild
second planar array of patches 5 (58, 7§}.being substa d fjwi t h
a respective one of said patches of sald first plaphar array of patchlles
(51, 71). 14. The pl anar antenna assenbly acC of
Clainms 2 to 6, wherein said second planar antenna unit is in accordance

ith Claim?9 SR | I . | arated
by & di ol et Song, ARCHHC platt BT REEARS o8 Aftein PhARRE, 4 %ol BrdZha' ooy
¢ ; . Lot : ¢ . . .
ant onna. uni t oo igdsell ey fabé!oF B3 bickicnE BLaL 9%t 30h

di t ofevd 3 'ﬁra& tridaER e ' ' : r.eant enna
3rc1ic'?ri Isnign gccoy(ggzggg\%ﬁe@% ai m%églg e%r?d sa?géq‘ﬁpfegt&a%g gegtcl)%ag?grt;ar

ant enna uni tsaidgmdm@@(%)@@sbw firstiphrioe lariay éﬁpﬁhﬁéﬁbﬁ@pﬂﬁﬂlkfd gqand
rear faces, said front and rear faCes of said dielectTic plate facing
said first sprbbesq®5) andavaid smn?nnmaﬁ@nﬁ@mﬁcbeiﬁglmcated%ﬁmm said The
pl anar antenna assenbly according to any one of Claifs 2 to 6, v%erel n
sai d second pghtenma clkmhberwa unit is in accordance with Claim 11 and said
first and second planar antenna units are separated by a dielectric 20
plate (4) wi8h frontThedplasar dnterem, assentblfr acdording t¢aClimCTs Rirthieai d
dielectric plate facing said first and second planar antenna units
respect i vel ycomprising a third dielectric plate (110) and a second planar array of patches

having a plurality of patches (112), said second planar array of patches being
10 disposed on the front face of said third dielectric plate, said rear face of said
third dielectric plate facing the front face of said first dielectric plate and each
patch of said second planar array of patches (112) being substantially aligned
with a respective one of said patches (91) of said first planar array of patches.
9. The planar antenna assembly according to Claim 1, wherein said
15 second planar array antenna unit comprises a first dielectric plate (34, 44, 99)
and a first planar array of patches having a plurality of patches (31, 41), said
first planar array of patches and said feed array being disposed on the front
face of said first dielectric plate with each feed (32, 42) of said feed array
being electrically coupled to a respective one patch of said patches of said
20 first planar array of patches and said ground plane (35,45) being disposed on
said rear face of said first dielectric plate.
10. The planar antenna assembly according to Claim 9, further
comprising a second &ieleclric plate (46) and a second planar array of patches
having a plurality of patches (47), said second planar array of patches being
25 disposed on the front face of said second dielectric plate (46), said rear face of
said second dielectric plate facing the front face of said first dielectric plat?

(44) and each patch of said first planar array of patches (41) being substan-
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17. The pl anar antenna assenbly according to any one of Clains 2 to
#6, wherein said second planar antenna unit is in a cq.\rsﬁe 'tgHﬁTai-m 12
and said first and second planar antenna units are |s
dielectric 25 plate (4) with front and rear faces, [sgd d front and rear
faces of said dielectric plate facinggsaid first Jarjd $4ci@ 1B98ingr
antenna uni-ts respectively.
.34 - 18. The pl anar antenna assenbly accgrding to any one ¢f
Clainse 2 to 6, wherein said second planar antenna-wnil ds._in accordance
wi th C ai m 1fially slighedavith birespectivg ofi€ paes dﬂsﬁaﬁﬁm&{&%@ﬁd%&&d plafar
separated by a dielectric plate (4)"with front and rear faces, said front
and rear facasaypbf patchesddd).ectric 5 plate facing said first and second

pl anar antenna units respectively. 19. The pl anar antenna assenbly
according tolkither The planafanienfs aﬁsembl?*‘ﬁb@fdin%%@lﬁﬁ?qu aajdnt enna
unit is in accordance wwth Claim9 and is | ocated within said antenna
chanber, wi téecandi planat ranfayphsteina Nireit RvBgstises PRESAAGE) SRid sSEGRD t enna
unit and said ground pl aneyof said first antenna 10 u%it. 20. (tSG}‘ The

pl anar ant endiglestrieplates andceofirkit piartae aeray fofpatches(51))8aid first Slanar array
of patches being disposed on the front face of said first dielectric plate (54)

and said feed array being disposed on the rear face of said first dielectric plate
with each feed (5_2) of said feed array being electromagnetically coupled to a
respective one patch (51) of said patches of said first planar array of patches,
10 said ground plane (55) being disposed on said rear face of said second
dielectric plate (56), and the front face of said second dielectric plate facing
the rear face of said first dielectric face.
12, The planar antenna assembly according to Claim 1, wherein said
second planar array antenna unit comprises first (74) and second (75)
15 dielectric plates and a first planar array of patches having a plurality of
patches (71), said first planar array of patches being disposed on the front face
of said first dielectric plate (74), said ground plane (76) being disposed on the
rear face of said first dielectric plate (74), said ground plane having a plurality
of apertures (77), the front face of said second dielectric plate facing the rear
20 face of said first dielectric face and said feed array being disposed on the rear
face of said second dielectric plate (75) with each feed (72) of said feed array
being electromagnetically coupled to a respective one of said patches (71) of
said first planar array .of patches via a respective one of said apertures (77) in
said ground plane, said apertures being resonant to frequencies in said high
25 frequency band.
13. The planar antenna assembly according to either of Claims 11 or

12, further comprising a third dielectric plate (57, 78) and a second planar
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wherein said second planar antenna unit is in accordanfCcg, gtrm-36—-nnd
S | ocated within gai d antenna chanber, with a dielg cﬁf%‘%"‘;‘“@ SHEET .

i nt er posed bet ween said second antenna unit and sai @ ¢round plane aid
first antenna 15 unit. 21. The planar antennala$sImiDEERRY d to
either of Clains 7 or 8, wherei n sai dggecond pl anar japtenna unit 1sji
accordance with Claim1ll and is | ocated within saidjan , i th
a dielectric plate interposed bet ween said second aptenna unit and sg d
ground plane of said first antenna 20 unit. 22. The planar antenna

2 )
assenbl y accardynf pichis hevingla Ly F phcles (S8ITD)CbAIdSRLend HaRg Pl anar

antenna unit is in accordance with daiml2 and i s ocated wthin said

e o o B teend o s o el gemefopis
The pl anar astidmear fxecofbiaid abied diklegric platet facingcthe it ce ofsafd first
dielectric plate (54, 74) and each patch of said second planar array of patches
5 (58, 79) being substantially aligned with a respective one of said patches of
said first planar array of patches (51, 71).
14. The planar antenna assembly according to any one of Claims 2 to
6, wherein said second planar antenna unit is in accordance with Claim 9 and
said first and second planar antenna units are separated by a dielectric plate
10 (4) with front and rear faces, said front and rear faces of said dielectric plate
facing said first and second planar antenna units respectively.
15. The planar antenna assembly according to any one of Claims 2 to
6, wherein said second planar antenna unit is in accordance with Claim 10
and said first and second planar antenna units are separated by a dielectric
15 plate (4) with front and rear faces, said front and rear faces of said dielectric
plate facing said first and second planar antenna units respectively.
16. The planar antenna assembly according to any one of Claims 2 to
6, wherein said second planar antenna unit is in accordance with Claim 11
and said first and second planar antenna units are separated by a dielectric
20 plate (4) with front and rear faces, said front and rear faces of said dielectric
plate facing said first and second planar antenna units respectively.
17. The planar antenna assembly according to any one of Claims 2 to
6, wherein said second planar antenna unit is in accordance with Claim 12
and said first and second planar antenna units are separated by a dielectric
25 plate (4) with front and rear faces, said front and rear faces of said dielectric

plate facing said first and second planar antenna units respectively.
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wherein said second planar antenna unit is in accord

' ' 3. and
;is located within said antenna chanber, with a di.e| REPLAGENENT SHEET
i nt er posed bet ween said second antenna unit and saj d ' of] said
first antenna unit. 5 24, A pl anar antenna assf Ig ﬂﬁgﬁr%g tq any
one of Clains 1 to 23, wherein said figgst planar rpy-a n nijt fi s
desi gned for the reception and transm ssion of cifc aed-
el ectromagnetic radiation and is characterized in fhat: sai ¢ at

| east one array of patches of said first planar array antemraumrt—s- 10

o ouped | 018 x 2 PYYhi3k i ddalhi B o AP LRRSY Blghes Tl
subarray ”E”%,eﬁaﬂxef&ﬁ%aic?ﬁé’conaﬂt?{anﬁliﬂteﬁ?d ﬁ%?@ a%%ﬁ%%eg@ﬁggg%iﬁg of said

first planar array antenna unit are groupe S
having  eacChniafd Hedf\WUndCs rm?ézrg%k i L' diels@aaNd:
third and 15 fourth subar réggngr?ln%?s ﬁ@?ﬁﬁ%ﬁ?ﬁ%&)k %Iglr%?a‘gﬁgf a
given feed phith ¢4y withifedrithndaRar Fitas,adidViroht SN réil TS ef&itieat ch
subarray, thg ??eds and patches in a given cooféﬁnat eﬁsl?g%rﬁire‘;é;&ggi ng

rotated by 9plate fcing sdid firstepidaetondpRnaesiteiid WilsrefiREQly1g subarray
nmenber . 25:9 m%\ pl anar antenncgpassenbl y according tglygny_. one of

Cainms 1 to 19, 20 wTheglana®antenha@8ssnblyaitaordiig & eitiroTClaiifis ¥ drs,
designed for the reception and transm ssion of circularly polarized
el ect r onagnewhereindail seeond plhnias antepha uaitliein dwbrdandeRith Claim 9 andsigi d at
| east one array of patches of said second planar array antenna

located within said antenna chamber, with a dielectric plate interposed

between said second antenna unit and said ground plane of said first antenna
10 unit.
20. The planar antenna assembly acéording to either of Claims 7 or 8,
wherein said second planar antenna unit is in accordance with Claim 10 and is
located within said antenna chamber, with a dielectric plate interposed
between said second antenna unit and said ground plane of said first antenna
15 unit.
21. The planar antenna assembly according to either of Claims 7 or 8,
wherein said second planar antenna unit is in accordance with Claim 11 and is
located within 'said antenna chamber, with a dielectric plate interposed
between said second antenna unit and said ground plane 6f said first antenna
20 unit.
22. The planar antenna assembly according to either of Claims 7 or 8,
wherein said second planar antenna unit is in accordance with Claim 12 and is
located within said éntenna chamber, with a dielectric plate interposed
between said second antenna unit and said ground plane of said first antenna
25 unit.

23. The planar antenna assembly according to either of Claims 7 or 8,
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unit is grouped into 2 x 2 patch subarrays (220, @ U%H vitng each
«in 25 cl ockwi se or counter-clockw se sequence firgt, ER el B I nd
fourth subarray menbers (222, 262, 292, 91); sai de\f eeds of said|f ¢ed

array of said second pl anar array antenna unit [ gz ouped w98 o2 1x 2

feed subarrays having -85.-
REPLACEMVENT SHEET —35a - each in
cl ockwi se or counter-clockw se sequence first, secpnd, third and ourth

subarray nmenmbers (224, 264, 294); each member of a given feed subarr ay
and pat ohes ROt A RecR dTEER i Tl i B aBBH G VB CRim Lifnd 1y Wi
(espect o AosRRyCH P RS MR ' E ey, P, jcrpofh 2!
Nt o i aeRees sii dchoRt RARY GBicthit Jold Blolind DIBN ORI reRGHE C0 0TV

accordi ng toygfnly one of the above 10 C ains, wherein said | ow frequency
band at which the first antenna unit

524, A planar antenna assembly according to any one of Claims 1 to 23,

wherein said first planar array antenna unit is designed for the reception and
transmission of cirdularly polarized electromagnetic radiation and is
characterized in that:
said at least one afray of patches of said first planar array antenna unit is
10 grouped into 2 x 2 patch subarrays (220, 260, 290, 300) having each in
clockwise or counter-clockwise sequence first, second, third and fourth
subarray members (222, 262, 292, 91); said feeds of said feed array of said
first planar array antenna unit are grouped into 2 x 2 feed subarrays having
each in clockwise or counter-clockwise sequence first, second, third and
15 fourth subarray members (224, 264, 294); each member of a given feed
subatray being coordinated with one member of a given patch subarray, the
feeds and patches in a given coordinated subarray being rotated by 90° with
respect to a sequentially preceding subarray member.
28. A planar anténna assembly according to any one of Claims 1 to 23,
20 wherein said second planar array antenna unit is designed for the reception
and transmission of circularly polarized electromagnetic radiation and is
characterized in that:
said at least oné array of patches of said second planar array antenna
unit is grouped into 2 x 2 patch subarrays (220, 260, 290, 300) having each in
25 clockwise or counter-clockwise sequence first, second, third and fourth
subarray members (222, 262, 292, 91); said feeds of said feed array of said

second planar array antenna unit are grouped into 2 x 2 feed subarrays having

LT




. opérat es is the L-band and said high frequency bapt—at—which—tie—Second
;antenna unit operates is the Klerr]-band.  28. REPLACBMENE SHERT ehna
assenbly according to any one of the above Cl aigs] al so conprisjng a
r adone. . 3 1DEC 1998
. -35a -

each in clockwise o_f-counter-clockwise sequence first, second, third and

fourth subarray members (224, 264, 294); each member of a given feed

subarray being coordmated with one member of a given patch subarray, the

feeds and patches m a given coordinated subarray being rotated by 90° with
5 respect to a sequentially preceding subarray member.

26. A planai antenna assembly according to any one of Claims 1 to 23,

wherein said first antenna unit is in accordance with Claim 24 and said

second antenna unit is in accordance with Claim 25.

27. A planar antenna assembly according to any one of the above
10 Claims, wherein said low frequency band at which the first antenna unit

operates is the L-band and said high frequency band at which the second

antenna unit operates is the K,-band.

28. A planar _ai_ate‘nna assembly according to any one of the above

Claims, also comprisiﬁg a radome.
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