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COMPACT MULTI - TI ERED PLATE ANTENNA ARRAYS Fi el d of
I nvention The invention relates generally to antenna

wano@ys17shn particular, it relates to antenna RCTAE3005/000014

with array elenments with a nulti-tiered ground
conduct or. Background Mituahl coupling between array
el ements of antenna arrays significantly affect the
performances of these arrays in wreless
conmueOMPASHE MEBTICEIERED, PEAd FaANIENY AvA RBA¥Binces

i ncl ude signal-to-interference-pul se-noise ratio

(SINR) and directionof- arrival (DOA) estimation in
Fikekl dfdseemsionan adapti ve array. Therefore during the
desi gn of antenna arrays the problem of nutua
coupling is an inportant consideration. Mitua
Tieujphemgpnatlses geheeallyetoantteheamiyne $n phdcdangnslaen o oftenna
the arrays in addition to affecti t he, f oregoi ng
585 S e eRmRTE natgp Rl Pt Lol o i ng
may degrade the radiation patterns for the arrays due
to the increase in side |obe levels, the shift of
ﬁ%ﬂkl%?“‘ﬁﬂd t he appearance of grating | obes. Mt ual
coupling in plate antenna arrays is nainly attributed
to space waves, higherorder waves, surface waves, and
Matey counliag betwasa ragmay yelqmsntscofndrdenng gerays pieaifisandlyitadispiathe
B RNt bP 1R CATRR T RERBRE cA G ELRons. The affected
enl argi ng the spacing between plate array el enents, or
penfosmandee ohide syignei-tryinteristenpe-pulsennaisedigp (§INGY) and direction-

eakeni Al i..ng. e | arger
%ﬁ?ﬁ?ﬁépgﬁgﬁ?ﬂggggﬁﬁgkfggdfggﬁﬁﬁﬁg”Fggger | at eral size
of the arrays. The larger lateral size of the arrays

t I.gher kNS ' | oo

LRSSt RGeSl SRR il SR, couplng is an
iappktastctondilention. sMirtvel edupling alsm edarselyr dedermittee ttael dimensions

I . . fi d ' I
T L e T L
el enents. Sutmary Enbodi ments of the invention are
e RtmaE el B AL 8 O oAt 8 D AT G

By inésdabgindid¥Ubld letdl€ tRGhift of nulls, and the appearance of grating lobes.

Mutual coupling in plate antenna arrays is mainly attributed to space waves, higher-
order waves, surface waves, and leaky waves. Generally for conventional plate
antenna arrays with a common planar ground conductor, enlarging the spacing
between plate array elements, or inter-element spacing, results in reducing or
weakening mutual coupling. However, the larger inter-element spacing results in a
larger lateral size of the arrays. The larger lateral size of the arrays leads to higher

installation cost of wireless communications systems in which such arrays are applied.

There is therefore a need for a laterally compact plate antenna array configured

appropriately for reducing mutual coupling between plate array elements.
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configuration. In particular, a comon ground
conductor, typically planar and singletiered in a

woamsdiiisgnal antenna array, is nulti-tiered byctsiGdiosgooois

or corrugation to reduce the |ateral spacing between
plate array el enments whil e yrai ntaining the

$uih@hBl ement spacing. In accordance wth one aspect of
the invention, there is disclosed an antenna array
having a plurality of array elenents, the antenna
BRBRYm SR the InRentRnfatd dlcIREd 1?e¥e1§4f%mtre§1ﬁﬁigr{ge PuidrhilsS of
suspended radj ator and a first ground conductor, the

M) Frienng ST Nvid Teduaedh P vele Niwpalliceylingely fipim & Falti-tiered
P o A oy PP PPt sl
tiresirimna convhetianek otttehraramay, @Ilmd’mpreﬁdm frgding 9e songation to
LRI S AL 800 e AT e B Vg Rl o intr
dleroemt srieingecond gr ound conductor. In the antenna array
the first ground conductor is adjacent to and

di spl aced fromthe second ground conductor and the

Ihi acsdrdgrco with @ermpat of thesin‘céinﬁqnosmde i}ndiaclbsi;eldsdn :tn'tﬁma andy

t he seco %Tﬁ{ und c9 ndu to&% % osed on.a E ?an

favide ¢ g o Ay ?%‘3@%5 FEPE, rb”ryoﬁﬂlapré%ﬂ%llfm Gy array

di¢ment dﬁmdgracﬁrsWsﬁépeﬂdbﬂtﬂﬁﬁﬁtoﬁ&p@ot ﬁx@n‘ ghduadi sovéndtoronhe first

t her dIS or co n ant enn

RGP AP B oA T e 5% eyl eehver T Thotname

cﬁ)ﬂiﬁﬁéds&l s@@)nﬂhﬁaﬁ EEﬁ}‘énthem@ faﬁg\id:eﬁﬁt fOhéfifsit bghy é!éllhaiz‘t the second
a first suspended radiator and a first

el enent Vi,ng
ﬁ%ﬂn ﬁ%&% grsecand sunepdetl radjatgepfed) Spermdagrandyequdyetor,

\dlh@?&h #Heconl @IRpbRRd frddisiér i98:9MARd $RRAME (s@ond 2RFind conductor.
roviding a second array el ement as adjacent to the

ithesantepng gray therfipl groyndecondicion ds adiacant o) aadukinplasad ifeg the
65 SBRRLRY af R H R broB Al chdR QG L PN a first tier and
conductor, wherein the second suspended radiator Is
the moa@ ewund sandulier dedisnrdedy P arsecand ridu de derm That drasthivg-
SORbLERR, L he steps of disposing the first ground
ctor adjacent to and displaced fromthe second
ground conductor and di sposing the first ground

Iﬁoaggoqggngé with a%o{he{ §s‘pect,t of ' heailﬂgenttllag R&ECR %1sclosed a method for

configuring an antenna array having a plurality of array elements, the method

comprising the steps of providing a first array element having a first suspended
radiator and a first ground conductor, the first suspended radiator being displaced
from the first ground conductor, and providing a second array element as adjacent to
the first array element, the second array element having a second suspended radiator
and a second ground conductor, wherein the second suspended radiator is displaced
from the second ground conductor. The method also comprises the steps of disposing
the first ground conductor adjacent to and displaced from the second ground
conductor, and disposing the first ground conductor on a first tier and the second

ground conductor on a second tier to form an at least two-tiered ground conductor.
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ground conductor on a second tier to forman at | east
two-tiered ground conductor. Brief Description of

wOonensioigs9 Enbodi nents of the invention are desecitisedoosnooois

detail hereinafter with reference to the drawings, in

which: Fig. I(a) is an isongtric view of a

BABMBAREHPHGH ofDrdlvingdnt enna array with plate array

el enents and a pl anar ground conductor, and Figs. |(b)

and (c) are isonetric views of two plate antenna

Bihb&YSets 608 H@rgntto‘i—l FTRQACNITE M St hedrdiRatted WRATERRenM tdhhe

plate array el ements and corrugated ground conductors,

dmeingbyn Phish] at eral size of the plate antenna arrays

is conpared with the lateral size of the conventiona

pl ate antenna array of Fig. I(a); Figs. 2(a), (b) and

fig) 1(a) s andspesatriiq vietyoffaraontentiprea ataicoantensi duax wathaplptgrarray
[ plate array elenments in a

égg?ﬁgéﬁt ﬁﬁgp u&f“ﬂg%ﬁ& tavvo- tiered ground

conductor accordlng to an enbodi ment of the invention;

E‘g??g?ﬁ%@m gcr% %r% & eltrtcl)cte tvgsvﬁv reoﬁf]tg ﬁerltg yané na_r:]a\rﬁrgfél(a 3ac}r(|il(r)1g to

¢mighdirbdngy of $heamvm$tmmemth oplate ewvay felemeanesc tiath gm%agatqai ataand

ant.enna ccordin enhodi nent of th
RRUBAR R s BRFL 5B b et ERERe B Bhetparegityihe
Iawenl bize b BiHle cdrwentidbinalgas anaink YrreosfRigai:Hd ground
conductor, and Fig. 5(b) is an isonetric view of a
conventional plate antenna array with rectangul ar play

Bi§. 2Ya) (bRt Sar@lpertifl piart e&mwﬁds@é éb@tioh BndVBbtedin Viders
| at er al SI ze of the rect anqul ar plate antenna array of

o yliacsptaplate array §leareRl ot Hate ﬁétev%& 3y WD AdWErtigTRG %round
SRV EE doSdddihg LMl ANt Bl R Bvabgnna array; Fig. 6

IS an |IIustrat|on of variations of the two-tiered
ground conductor of Fig. 2(c); and Figs. 7(a) and 7(b)
RS 3 hldup Elreq;lbt%ﬁsreﬁflts BE 3h EnvRRoBMPr R AYS oMvkilel piatd édtenna
trered ground conductors according to enbodi nents of
arkpy of HigeAtad;on. Det ai | ed Descri ption

Fig. 5(a) is an isometric view of a rectangular plate antenna array according to an
embodiment of the invention with rectangular plate array elements and a two-tiered,

two-dimensionally corrugated ground conductor, and

Fig. 5(b) is an isometric view of a conventional plate antenna array with rectangular
play array elements and a planar ground plate, in which the lateral size of the
rectangular plate antenna array of Fig. 5(a) is compared with the lateral size of the

conventional rectangular plate antenna array;

Fig. 6 is an illustration of variations of the two-tiered ground conductor of Fig. 2(c);

and

Figs. 7(a) and 7(b) are illustrations of plate antenna arrays with multi-tiered ground

conductors according to embodiments of the invention.
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Enbodi nents of the invention are described hereinafter
wth reference to the drawi ngs for addressing the need

woéanosa7iaveral | y conpact antenna array confi guPe®/sG2005/000014

appropriately for reduci ng nutual coupling between
array elenments. Fig. | (a) ghows the geonetry of a
Ba&NbéseAptiof ect angul ar plate antenna array 102 with
plate array elenments 104 arranged in a single row
along the length of the conventional rectangul ar plate
b &M TIF e LildentidA Car ARYEME] BBRInaREC WARY UERFenBd 36 Ethe
antenna array 102 al so includes a rectangul ar and
dspwiggese fort4ddresting thenisad derou Hipralbyrepmpegr arte@ia Eeyhcopfigyred
efER te radiator
z%hgﬁxm% rres%gkgﬁﬂgﬂgggﬁﬁggBg¥§ﬂ§£ﬁﬁgﬁg?%ﬁﬁd pat ch
being part o f the common ground conductor 106. The
By suendeds phagenicasicftaonvetifread rastahulsd grasd sntérimwugh 102
conventi onal  feedi means,. . Each plate qrra enment
760 P 70 cleparis ol MR BR Bk e RIS, Hecte o e
RhldtYiofd] eetbulhPlateYantchen dHa§tion C’?hﬂ:onv&'ﬂt‘ilmal rectangular plate
herei nafter as inter-element spacing In this case

WHENR [F8Y - 107 eftishinciydet @nrgctmgulag 28, Lﬁlr\g%ﬂ tigted { commagre gegund
Shaskddokl ., which is spaci ng between nearest adjacent
plate array elenents 104 projected onto a pl ane
parallel to the plane of the conmon ground conductor

BRR- phted-arthf PdleAGH ll(ﬁlp)coﬁl At X\Dsursféhﬁ@d"g PRl (Rlifbe and a
antenna arrays 112 and res ively, according to

qomsmdmgrmnndemmbduthpemogndopatﬂh eingperitPlote emraen Beppad
c%'i{&ﬁét& g OF agfL ?.lspcéidé(? la{er}%atgng f&l%g‘fsﬁ ﬂé:iglﬁl!roug't:licgnventlonal

rectangul ar an enna array 10 own I n

fle¢ding m¥de. plate antenna array 112 as shown in Fig I (b)

i ncludes plate array elenents 114 arranged in a single

row along the length o f the rectangul ar plate antenna
RBach a)jatdarﬁay cléreent 604 sraduol spacep lapdreframtasreaseshadjaogntldlate array

| so naul ar and. two-tiered conon
Grriind L SR S TA° R Eber R Y TR M 1.
thisngkd thdiinad- J:lymemtspacaﬂg Bt nagquinglent adglsrdll$acing [dr edichsis
9 o,f uniformw.d % The
spacmg between nearest adjacen plate array elements 104 projected onto a plane

parallel to the plane of the common ground conductor 106.

Fig. 1(b) and 1(c) show two rectangular plate antenna arrays 112 and 122,
respectively, according to two different embodiments of the invention, which have
smaller lateral sizes than the conventional rectangular plate antenna array 102 shown
in Fig. 1(a). The plate antenna array 112 as shown in Fig 1(b) includes plate array
elements 114 arranged in a single row along the length of the rectangular plate
antenna array 112. The rectangular plate antenna array 112 also includes a
rectangular and two-tiered common ground conductor 116 folded or corrugated
longitudinally into alternating ridges 118 and grooves 119 of uniform widths. The
ridges 118 are disposed on a same plane and form a higher tier or level with the

corresponding plate array elements 114 while the grooves 119 are also disposed on a
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ridges 118 are di sposed on a sane plane and form a
hi gher tier or level with the corresponding plate

wano@Ep7eisenents 114 while the grooves 119 are BLE6G2005/000014

di sposed on asane plane and forma |lower tier or |evel
wth the corresponding plate array el ements 114. Each
Rt @¥or L1588t tidrld 1GRMMNVithS €fhed M&ﬂﬁﬁdﬁg i@t € array
radiator and a correspondi ng ground patch, the ground
Feracirs Wi ng plate-like and part of the common ground
conductor 116. The suspended plate radiator is fed

w th signals through conventional feeding neans. Since
Ed¢b platpmemayy rabemant c bifdvemprises 18 puspensied uplatee dadiator and a

' i SPAG] ' B! PiR-1HQ! Ertfth
SR SonThE T ERGL (e o, B 7 kg PRGN Sl pprt of the
@n magn glowndeenndudiant 1@y Thaviapendedeplitatrediator dsrt with signals
FRAGH D ERicRe Admubshant fal ly equivalent to the

I ntér-el enent spaci ng in the conventional

rectangul ar plate antenna array 102, nutual coupling

h | 14 .i ' ' .
Ry e el e e

e rue even
grbater thdrelntatal spaaiap g ih Zlitonsorevd asardshadjadeheplb@taenagpklements

acing LI pn.the conventi.on rectangul ar. pl ate
A chn e 1§ 5o B el S B P8 ent o e
iafeeRmet dpaging (1) in: th@|ddd%ici¢§ﬂaatrecgﬂfg:u&y ;ﬁdﬁe m?ﬁhlﬁa ddy 102,
arranged.in a si row al ong t ength of the
b goiaeprs Bt AR 150l dhadls ot Norsened or
BYRRRL Y TERlis Ghd eeh Uhdigh ThClateRl tsparing B2 idnadlRr &iah &iNRteral
array_122 al so ipcludes a rectangul ar and two-tiered

waridh! gribosrnvenivarldednetppplats kg BotPugat ed
longitudinally into alternating ridges 128 and grooves
129A and 129B, the grooves 129A and 129B not being of
Tt plafe enignes aiky 188 @6 ishevanin Kig d€c)sinelupesi Matriagay eleaents;134
1Pl A Sl 1dwPSIohE RieABH BF thR! Bl A SRR AEAAYarrbd 422
trhegcent r alﬁg} oovg %29A I's w der t ha‘(’ﬁl t %ggﬂsiade graéo\;}es
adoBisas symmetiealcgniciied. diheowelandek piats pitentna airayay22 also
n i.shased. [
SEIRIE Terbeiuflt Sofl FROBRI. cofiol WMARD darhudis 17 JORRE Dy
tdnergatod loegipdindiin intp hitermatiag ridgesel28rmpd esool @1 204 drel 1288, the
%ﬁ&%‘s’ 9994 %11?({'\1 ﬁﬁdnc?t%%%lg%&"%nﬁ%r%owﬁdtﬁs? o§pee%%ffcfgll}aass%%%n in Fig.
ané ‘and forma T'ower tier or Tevel " w
1(c), in the middle of the rectangular plate antenna array 122 the central groove 129A
is wider than the side grooves 129B as in the central groove 129A two plate array
elements 126 are disposed. The ridges 128 are disposed on a same plane and form a
higher tier or level with the corresponding plate array elements 124 while the grooves
129A and 129B are also disposed on a same plane and form a lower tier or level with

the corresponding plate array elements 124.

Each plate array element 124 comprises a suspended plate radiator and a
corresponding ground patch, the ground patch being plate-like and forming part of the
common ground conductor 126. The suspended plate radiator is fed with signals

through conventional feeding means.
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the corresponding plate array el enents 124. Each plate
array el enment 124 conprises a suspended pl ate radi ator

wanwsa7csy r espondi ng ground patch, the ground parsiy2005/000014

being plate-like and form ng part of the common ground
conductor 126. The suspendgd plate radiator is fed

WhdeNthS LEARRALS ot AhQLSRIEBN VRN Qﬂﬁ,llgaft&ﬁ qht@gel%@ﬁts spaciig eD3
the common ground conductor 126 is corrugated

biepesn plateesreaytclemprigd K @Berﬁb%w@@w disaased i thgypertrad gEaRyS, is
#@af‘er 8k ral ﬁ%%n% g %l?re?dln%l?w ﬂe%résbgdjgc%ﬁﬁ élgtle afthy Qi\éﬁflents

S greater t atera spaC|n% L3 in‘relation to
lRdarByshavidj the dnter-glemend spacingyDe emwstﬁmllysgqufvalf:hh@ the
r t ' '
AR AT BRSPS bl ey 12
mmma/l entplmgdetween Ith;:ngaié araypdleneatsah4 mrthisarsealy ndORprsened or

. | ] b
YR SRUBLRS RS 1550 R L2 PR o

ease
shidigz BV ginthé b@wgiitldnhlaecttatgekaablais paténng atr8y 162. Slmflhd euse of the

than the | ater in the nt ona

oa e maReeals 28T e pligv 208y HiHASREY spagine D4
aing gat&mpspa(hag ETI afelcaMivele@Eiadtisay e 3@ ledjlhﬁléirlﬁﬂi thalintgglment
129A ement spacin an ateral spacing L4
SQ?Cénge]ab?'e‘g Fﬂl Spaﬁﬁ’@%ﬂ?sl’é?f’%ﬁybe equi val ent to the

i nter-el enent spaci ng DI and | ateral spacing LI,

res tively. Fi 2(b) and 2(c) .show

e Rt 24 gw a%qntﬁtraqal %Pé‘tSHPPE“?deegi“lF s HiTneypr plate

AtAhL 2AR) 20D %nﬁr%ysc@l% e e eﬂ@ﬁléﬁt@ MUAL Sh@DOAY therein
el enent s 204A and 204B therein accor

n an
asPAIBIAR e eraodiment ohiie VERion. Sudn 2 ﬁméﬁ"g@&mrfé Rensirycted for
lﬁ@égﬁgaﬁlaﬁ &oﬁﬂmﬁé&r whf? Yél%x‘eh&% 'a%oﬂa}ﬁaﬁé’ §>es$em Withx ! ?fa%ﬁ%%s

coor di nate Sy stemw t X, axes used
Lpb(bfqr iPhgtingersslts siemﬁdu fipaythe rlrt)’mttghélotlm)@sfm‘n@@aﬁt basie, C@Jirfm unit

é&ﬁ Which I:Q?EQT fat& gﬁt!ﬁnng 31 r??;yagcofrﬁlﬁgd\ﬁjo %Bpﬂo@fn%fs dgltlt%{w@ventlon

antenna a ys accor gtot ments o
argfermeidon The einfestigatidn iTHhergfovee &iri gaaviiding irssuth ethetf aneeused

RGP SR ed B S0 ARETE b flmgp
dffitles ievdntidn.nent s of the i nvention. The rectangul ar
plate antenna array 202 includes plate array el ements

204A and 204B
The rectangular plate antenna array 202 includes plate array elements 204A and 204B

that are arranged adjacently along the length of the rectangular plate antenna array
202. The rectangular plate antenna array 202 also includes a rectangular and two-
tiered common ground conductor 206 folded longitudinally into three planar and
plate-like ground patches 206A, 206B and 206C that are continuous and preferably
unitary. The ground patches 206A and 206B form lower and higher tiers, respectively,
and ground patch 206C is a junction ground patch which connect the ground patches
206A and 206B located on different tiers.

Each plate array element 204A and 204B comprises a suspended plate radiator 207A
and 207B and the corresponding ground patches 2 06A and 206B, respectively. The
suspended plate radiators 207A and 207B are fed with signals through feed points 208
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that are arranged adjacently along the |length of the
rectangul ar plate antenna array 202. The rectangul ar

woheis@7ersh enna array 202 al so i ncl udes a rect arquiSa&R005/000014

and twotiered conmon ground conductor 206 fol ded
longitudinally into three pfanar and plate-like ground
fateheaticadbedidRbikamsd 1R06f dR@ltheapRteCARMy BldMbists DDFA and
freferably unitary. The ground patches 206A and 206B
e ok eraaﬁamﬁPtgcm—:“fl rflfr‘aéﬁ Isingecq3riat Pirbey 218 ifraysh sHdace

Rty 2Bferd &MRAS)UNCK | Qe FEQUPGNPEGE Hekdiing n@OMEHRS of the
t he ground patches 206A and 206B | ocated on different

yuseanded plateHadiptarse2 04y ayd &9 Ehebrvestbe somgrgondiagground patches
d [ /B and
ke AT W AT et i
respectively. The suspended plate radiators 207A and
7 [ | p&i Nt [
B Tl sndfle il POREs Toct e HORh A BRE L Il SRR, Bement
2A¥4Baiy l@ia‘eﬂmnashe%ﬂtﬂrpl abuve 20 fater agraly edenving 2044 it ¢aoin af the

S r S 0.t rou h surfa nt e
et Bl Yo RSP o inaied o °F e PE bt he
&tﬁﬂe@i@h&m@érohﬁkepﬁmpeDdAdn@iZ@&E réspedtiaelgr s 207A and 207B
above the correspondi ng ground patches 206A and 206B,
respectively, are determ ned for good i npedance

Fia! ¢hihBs tHd @othpiisbh Obtr@écdUdaddaddCind? GiGfuldted iSnparbmedrs in
%i an ang lelﬁﬁ The plate arra elenent 204B i s | ocat ed

atign freregianeylpraRiese Pt BraY & 20 Iayhigh gpeehporsRiaion bhpeen

ResshreRbnttang sBHIRRAGS SbflRl e Th@ bR Rssn SFhtuancbugRiBrot the
| ocated at a height h above the correspondi ng ground

praescisls a2l Aommepn2greBnd cerdistari2p6| (f=0%riagd = sighdiks comenon
?rgﬁ%a on?t?c@or%)tg\'\@g ?ﬁﬁ%ﬁ?&eﬁs@&g dsJZ.WJ %rf"e% 1% &%Wn’gltﬁ

nre i on te antenna arra
Mutwtbogplmg ia drer abead fi uha s‘tap{lﬂve emmagwuedreasﬂduam)d 206 is weaker

| at t d. Th
ROBERGRT oy RRh Th0EEr ot Pfing ST PR a0 B Y tiftmon eround
maahwtmts A6 O #R) srantbsa latdraipdistake® 40P he sRPike ground

uct r ﬁPG where dj stance d- 2 aried
I%ancz Weﬂeﬂ“dbS et grs fuph o b e e
@l&rﬁ&rt Uis{ﬁﬁceccpmﬂ tHI R fefab%%pkﬁlma@ﬂyedsjgmerc A

greater than 1QdB than nutua coupling in thé case of

i fthe opprating\y#elsRSin dicd space.

Figs. 5(a) and 5(b) show a two-tiered, two-dimensionally corrugated plate antenna
array 502 according to a further embodiment of the invention and a conventional
planar plate antenna array 504, respectively. Array elements of these arrays may be
other types of radiators, such as microstrip patch antennas, tapered slot monopoles, or

monopoles. The inclined angle of junction ground patches can vary from 0 to 90°.

The anticipated reduction in the lateral size of the two-tiered, two-dimensionally
corrugated plate antenna array in relation to conventional planar plate antenna arrays,
both of which are square, while maintaining the same inter-element spacing, may be

greater than 51% of the total lateral area or greater than 30% of each lateral dimension.
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conductor 206 even for the smallest | ateral distance
d. For the step-like ground conductor 206, the

wdi2etsancms9 bet ween such el enments are nuch | ar gePCTi862005/000014

the interel enent distance d due to the height H being
preferably approximately 0./ r, where is the
ERSJdahéde oraue | igveatibn 1’ﬁa1}f Re€a A)?)B@d: Qdvanta@sousB( & amBtha array
5(b) show a two-tiered i mensi onal'ly corrugat ed
app hgagionsy lopatac Uy large soale a&%féfyonh%&dt%raas ik qomupercial adaptive
ﬁﬂ?@%ﬁﬁlhwél ptﬂtemhﬁ}érﬁélButBﬁ‘t afdysfentONYeN ek ARAb, Mkaliaftive
pl ate antenna array respectively. Array el ements
apfayy peesenthyr sngy i thayfuee omyebeqome‘serbfcomawnbt g#edl, insyyipless
ﬁl&mc%ﬁ t%}s@ﬁtﬁ a&u‘éﬂ ?f’l?lﬁs‘oe Blﬁpgér{%pati%hggf @m&%f?éless
or nNDNOpO e I nc junction ground
qgatrmtme@tlwnswfany fomwe@luc@ 9@68 Fdetharsuprressad erpitual coupling
t{eﬁ%{g h{ zﬂlténﬂa taP'F‘{/s a%heé\i%h ?étéﬁ g/flt{l 191§rotv¥:\ﬁeﬁt' i %F%ormances of
-di'mensi ona corruga ['ate antenna array 1n
thehmgrino prreys and mlwermucmlnalm the atsaxllatmlaipecea reseling 1rahowa>pst,
both of which are square, while maintaining the sane
i nter-el enent spacing, may be greater than 51% of the
Ihoﬂﬂlﬁha&ﬂ@amumnaaaoﬂm@mﬁytemnWhﬁnMﬁ@%Mﬁmneanhwlamﬁ@akd
ment s i nvent.ion ma
PR By Th DAL R s PSP At Girgoni fdicihea.
AlAouple higra ninttieg @f siedbéinthisi dfake/inphraRachradisalpsedaittbecomes
commer ci al tive arra
RRRER e LD it 1 4 STt i Bisgaebat pyperous changes
e@i&ﬂ)ﬁmcﬁiﬁchﬁ& et ha@e Wﬁtﬁé\)tsdeFatrﬁﬁgi AbhythaRebpernt RPirit of the
future may becone vewﬁ)connnn used in wreless

ingwHOmi cBn xRS, spdifgors 4y cterga Fash dndye P rpnstructed from

&%@&[ﬁ&lh&ﬂ&l@%oﬁ&lohﬁé ahedtd 5?111?5%315&”%5&' &xaleb@Rdes, triangles,
stens. The reduced sizes and the suppressed nutua

ed Pt iPRlyepen anmilis of eiregnt Rediziomrmpay be aﬁailléd/@h agy, gpgeravith

ryeg't th TPH& @ﬂﬁ?ﬂg rbth PEAEHRE TRAG RS s Hhayl Heere@DERD R R0k BYS a
dthe re uctlon in the installation space, resulting

migraswin bips taperfuie cowplingr ey avameguitesn eunctipnp ab@b’reanltvo nearest
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%bleam&wncas/e,ohogmxoslemultml‘t ko gshslomnym Higwabe Coalfrnon ground
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c%gplgcgdérn grsalsgnbe fh@ #%Y ggtlrfr;é%?%d%%o ?11%1 tgﬁgr% as fSB‘f‘Eﬂ‘ gloﬁE 7,

tﬂersfol eolsmmdnﬂgrfart multiferelat@hanges. Awimon godad ccmducbtom may

bsepf%sgrucgacp ?I’ﬁgl per?echy g@c%rﬁédll? cofnal?crtrllntg ha%dsgigf%ctrlc materials, or

printed circuit boards (PCB). Antenna arrays may be planar or conformal with

curviform surfaces, each tier being planar or conformal with curviform surfaces.
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woanmdaiismg sheets of any shapes,

i nvention. For exanple, radiators in antenna arrays
may be constructed fromperfectly electrically

triangles, ellipses, polygons, annuli, or wres.

Radi ators may be installed @ any angle with respect
CRimer r espondi ng ground patches. Radi ators may be fed
using a coaxial line, a mcrostrip |ine, aperture
coupling, or wavegui des. Junctions between two nearest
adj acentnedRlfaPdLeigs Eturadit}f foBra@Ry ddnRings, GRN BRGAHaNSTay
the sane may be of any shape, such as S, concave,
©HFPVERE or nmul ti pl e-step as shown in Figure 6. Common

gr oundsPBNG e By RSP B8 Jif-ded AlGibRT SddoRtRd $bund
formmulti-tiers as shown in Fig. 7, therefore

eongndteti e st wusnendedj eadisiora heiag ndisplrcedy Fomcheniest ground
. g@nductors may be constructed from perfectly

el ectrically conducting and dielectric materials, or

pri ntaegceidraus elboantdeifgPa@Bicentintthe first arrnylsmenly thsesecond
Ag{ay‘eﬁ‘émﬁ% h&&iﬂg A E@L?ﬂﬁégfn%léﬁ Yé]c{ié%mncduﬁ LAGHS or&AG Rohdi&lor,

erng planar ©r confor w th curviform

wharéiadese@ndi swspehdedradamir éndisplaved fpmhhe sevgndigrolind e@inidgofor,
Of ar e lt}?en%ﬂis:tsgroa hc? cgr?(fug W0 2hh&: ¢ %Plél & épﬁ]a% d Trom the
first array elenent %aV|ng 2 1 Pt suspen ed’radi at’or
sbchdgpréundsbnduaommhddlonfitscgronnd ¢dndudtorris tlispesep enddilst tier and

adi at or_bei.n i splaced fromthe first ground
BE bl sron o S8 BEva R &isthnih o af BRG] ackey ovo-
tiwed freurfd dosduaor. ay el enent, the second array el enent
havi ng a second suspended radi ator and a second ground
conductor, wherein the second suspended radi ator is
Zi splaeestechinHRrd e 18 CRAAJ, YhaeiA thCRBtkGY lemenhie i@MmBdiately
the first ground conductor is adjacent to and
HhacptdR e s§Gomh ariaE e 8B€Bhd ground conductor and the
first ground conductor is disposed on a first tier and
the second ground conductor is disposed on a second

{ier Tthe fésmmpapirayt as dastlaimndyt Pheisi deolird Eordueanguctor is

contir¥8is Fth B cBRd @¥uRBcdnBudb@i M 1, wherein the first
array elenent is imedi ately

4. The antenna array as in claim 1, wherein the inter-element spacing between

the first array element and the second array element is greater than the lateral spacing

therebetween.

5. The antenna array as in claim 1, wherein the antenna array is a plate antenna
array.

6. The antenna array as in claim 5, wherein each of the first and second array

elements is a plate array element.

7. The antenna array as in claim 6, wherein each of the first and second ground

conductors is a ground patch.

such as rect aagise2(05/000014
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adj acent to the second array elenent. 3. The antenna
array as in claiml1, wherein the first ground

woan#wai® i s continuous with the second gr oun#CT/SG2005/000014

conductor. 4. The antenna array as in claim1l, wherein
the inter-el ement spacing bgfween the first array
el ement and the second array elenent is greater than
the | ateral spacing therebetween. 5. The antenna array
%s i nlhel AeANg ATHA &Y B Geihp vastedhtng flstrgagundgpalehds egnginuous
Wk BRABcAlBNind BatcHNE antenna array as in claims5,
wherein each of the first and second array elenents is
a plate array elenent. 7. The antenna array as in

| ai I . of 1t [af :
fondust 5y S0F (6L CoRRERE o Mol P BEE R0 PRHEONE Gy
dlemeritaithn Methogheqregirisingtthe ftepsof: gr ound patch is
cont i S W u :
or daanierd i b8 SEERREh L AR S ndcd sp el MO gt
gaoualy caldecenttls, fitsheuspeidad dadidorgreirs displaded foieths fodt:ground

(E%ﬁ&&glng a first .array elenent having a first
suspended radi ator and a first ground conductor, the

fi r stprevidjpgrdedondaelirgt eembei asqpdfhcapltadkedfifst amayt blement, the

firs round conductor; providing.a second.arra

SEP UL AT S ST PYIRE o SooRis PrpeRitd; paGRE Mo ooobpf, ground
comdodick, avlictdin ehe reduind nagpended r&aen s displpcsddioem the second
radi ator and a second ground conductor, wherein the
%@E%ﬁﬁmgwgﬂénded radi ator is displaced fromthe second

gr oundisposing e st greiRiRadutehr alif@cdnk toSindAliPLhoel £6H teGkend
adj acent. to and di spl aced fromthe second ground

%@H@%%¥GF§méﬁﬁidisposing the first ground conductor on
a firgfpoking thé Mkt t H6urICERALtS QHAKirst tier and the second ground

conductor on a second tier to form an at least two-tiered ground conductor.

10.  The method as in claim 9, wherein the step of disposing the first ground
conductor adjacent to and displaced from the second conductor includes disposing the

first array element immediately adjacent to the second array element.

11. The method as in claim 9, further comprising the step of providing the first

ground conductor as continuous with the second ground conductor.

12, The method as in claim 9, further comprising the step of providing the inter-
element spacing between the first array element and the second array element as

greater than the lateral spacing therebetween.

13. The method as in claim 9, further comprising the step of providing the antenna

array as a plate antenna array.



conductor on a second tier to forman at | east

two-tiered ground conductor. 10. The nethod as in
wobheisrmrgiso wherei n t he step of di sposing the fi P61/SG2005/000014

ground conduct or adjacent to and di splaced fromthe

second conductor includes disposing the first array

el emrent imedi ately adj acent to the second array

elenment. 11. The nmethod as in claim9, further
Idompr Tlasi methedhas w dymol3. spwprishene si5e of proyiding qagh gf the first
NI ra P S1eARAK 16 W BlAfe Maly RIchigr, Second ground
conductor.” 12. The nethod as in claim9, further
conprising the step of providing the interel enent
5 Paci pg RehYeENin dsind 14, %Bmﬁ{isﬁx?%’%l@ 'sféﬂ%ﬁ rodihdl BEh SEERHst
array el enent as greater than e lateral spacing
anidereedretgnevad condictoThas sgptmsibateh. in claim 9, further
conprising the step of providing the antenna array as
a plate antenna array. 14. The nmethod as in claim13,
Ionpr Tlsd mgthodhes st dpinoi 5, peopiigigthe stepof pfovidieg fherfast gaowhd
S%gl%]sd Oa{ilq %}{s \?vlitﬁt nstecszon > ciaunel gttcﬁ array el ement. 15.
PAYE HeChod o5 ™ith "8 8r & cgnprising the step of
10 providing each of the first and second ground
conductors as a ground patch. 16. The nethod as in
claim 15, conprising the step of providing the first
ground patch as continuous with the second ground
pat ch.



